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Introduction

Critical patient is a term expressing the patients with higher rates 
of morbidity and mortality rates who need developed monitoring 
and treatment due to one or multiple organ or system failure (1,2). 
Monitoring of critical care patients; intensive care units equipped 
with advanced technology, vital indicators are monitored and 
patient follow-up and treatment are provided 24 hours a day. 
In 1999, ‘‘Society of Critical Care Medicine’’ prepared admission, 
triage and discharge guidelines for intensive care. Intensive care 
admission decision; priority is divided into three according to 
diagnostic and objective parameter models (3).

Different scoring systems were developed for early detection 

and treatment planning of these patients because of higher 

morbidity and mortality rates. Acute Physiology And Chronic 

Health Evaluation II (APACHE-II) and the sequential organ failure 

assessment score (SOFA) are two of the aforesaid scoring systems. 

APACHE-II and SOFA are complementary scores. APACHE-II score, 

which was previously evaluated during resuscitation in emergency 

department, has been shown to be strongly associated with 

mortality (4). The SOFA score is a scoring system that effectively 

demonstrates treatment efficacy and course of disease (5).
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In the studies conducted, it was reported that laboratory 
parameters correlated with scoring systems (6,7). C-reactive 
protein (CRP), procalcitonin and lactate are laboratory parameters 
which significantly increase in infection or inflammation. Some 
proteins called acute phase reactants are synthesized from 
the liver during infection, trauma, inflammatory events and 
some malignant diseases. These acute phase reactants prevent 
progression of the tissue damage, activate repair mechanism 
and try to isolate or injure the organism which causes infection 
(8). CRP is one of the acute phase reactants. It exists at very small 
quantities in serum of the healthy individuals without any change 
during the day (9). Serum level of the protein starts to elevate after 
3 to 6 hours following onset of the inflammation, and it reaches 
to the highest level after 36 to 60 hours (9). Procalcitonin is a 
precursor of calcitonin which is secreted by C cells of the thyroid 
gland (10). Serum level of procalcitonin is very low under normal 
conditions: calcitonin increases as a response to hypercalcemia 
whereas procalcitonin is not affected (10). Although calcitonin 
secretion from some organs such as liver, pancreas and lungs is 
known, the mechanism is not clarified yet (11). Blood level of 
lactate which is one of the common indicators for evaluation 
of liquid and hemodynamic resuscitation is found associated 
with mortality (12). Albumin is a naturally occurring plasma 
protein (13). Albumin is a negative acute phase protein. In the 
presence of any inflammation in the body, albumin decreases 
with the triggering of cytokines such as TNFoc, interleukin-1 
and interleukin-6 (14). A change is detected in the levels of 
inflammatory indicators in serum such as CRP, lactat, albumin 
and procalcitonin which are widely used to show the mortality 
during the inflammatory process induced in critical patients. 
Roles of CRP, procalcitonin and lactate parameters on patient 
management may be explained by reflection of the severity of the 
inflammatory process appeared in critical patients. The purpose 
of this study was to investigate the efficacy of procalcitonin, CRP, 
lactate, albumin and procalcitonin/albumin parameters used as 
an indicator of infection on mortality in critical patients admitted 
to the Intensive Care Unit and their relationship with APACHE-II, 
SOFA scores.

Materials and Methods

This study was conducted retrospectively in Intensive Care 
Unit in Emergency Medicine Clinic of Kanuni Sultan Suleyman 
Training and Research Hospital of Istanbul Health Sciences 
University between 28.11.2018-28.03.2019. It was approved by 
the Ethics Committee of the Institution with the protocol number 
2019/07/175. The study was carried out from hospital records of 
patients and scans of patient files. Patients in the emergency 
intensive care unit are accepted according to the objective 
parameter model according to the intensive care guideline 

(3). The study was performed from the hospital records of the 
patients and the screening of the patient files.

Procalcitonin, CRP, lactate, albumin blood parameters and 
APACHE-II and SOFA scores were recorded at admission to the 
first intensive care unit. A total of 61 patients were included in 
the study. Age, gender, hospitalisation diagnoses and clinical 
results of the patients were recorded from the patient files. 
Gloskow Coma scale of the patients were recorded and divided 
into five groups. APACHE-II Score, scoring <10 group 1, scoring 
11-20 group 2, scoring 21-30 group 3, and scoring >31 group 4 
were divided into four groups. SOFA score was divided into three 
groups. Patients under 18 years of age, patients with cancer 
of etiology, patients with primary blood cell malignancy such 
as leukemia and lymphoma, and patients with bone marrow 
metastasis were excluded from the study.

Statistical Analysis

All variables were tested for normal distribution, Kolmogorov 
Smirnov test and parametric test criteria. The data obtained from 
our study were evaluated with SPSS 22.0 program. Spearman’s 
rank correlation was used for non-parametric data. For correlation 
between scoring and parameters, simple correlation index was 
used for parameters with weak correlation. Blood parameters of 
procalcitonin, lactate, crp, albumin and procalcitonin / albumin 
levels were determined by ROC curve analysis to determine 
the threshold value in predicting mortality. Significance was 
evaluated at p<0.05.

Scores Used:

APACHE-II score: Developed in 1985 by Knaus et al. (15) APACHE-
II, the simplified version of the APACHE scoring system, is the sum 
of three basic scores: age, chronic health status, and one Glasgow 
Coma score. The APACHE-II score, which uses the worst values 
in the first 24 hours, is used to calculate a mortality expectancy 
by assessing 34 separate hospitalisations. The highest APACHE-II 
score the patient could receive was 71.

SOFA score: The SOFA score is mainly used to facilitate 
identification of patients at risk for mortality in sepsis. It is 
evaluated by giving a score of 1 to 4 out of 6 parameters 
evaluating respiratory, cardiovascular, central nervous system, 
renal, coagulation and liver.

Results

Sixty-one patients were enrolled into the present study. The 
participants included 35 males (57.4%) and 26 females (42.6%) 
with an age average of 69.0 (min:19 max: 91). Eighty-eight point 
five percent (n=54) of the patients had additional disease. The 
most common conditions reported in the patient history were 
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hypertension by 41% (n=25), Diabetes mellitus by 31.1% (n=19), 
COPD by 29.5% (n=18) and respectively. The most common 
diagnoses for admission to intensive care unit were pneumonia 
by 54.7% (n=28), hypoxic respiratory failure 26.2% (n=16), acute 
renal failure by 19.7% (n=12) and sepsis by 14.8% (n=9) (Table 
1). Mean hospitalisation period in the intensive care unit was 6.7 
days. Evaluation of patient outcomes revealed referral to another 
centre by emergency ambulance by 32.8% (n=20), transfer to 
the clinic by 14.8% (n=9), discharge with a healthy condition by 
27.9% (n=17) and exitus by 24.6% (n=15). When the patients were 
evaluated according to GCS, the GCS 15 was 42.6% (n=26). The GCS 
was 26.2% (n=16), which was 13-14, and the GCS 10-12 was 18% 
(n=11). When evaluated according to APACHE-II score, <10 below 
4.9% (n=3), between 11-20 and 42.6% (n=26), scores between 21-
30 and 31.1% (n=19), >31 and 21.3% (n=13). When the patients 
were evaluated according to SOFA score; Those with a score of 0 
were 1.6% (n=1), those with a score of 1-4 were 63.9% (n=39), and 
those with >5 points were 34.4% (n=21). A correlation analysis 
was performed to detect whether a significant correlation exists 
between CRP, procalcitonin, albumin, lactate and procalcitonin/
albumin among laboratory parameters and APACHE-II and 
SOFA (Table 2,3). A positive and weakly significant association 
was detected between APACHE-II and procalcitonin (r=0.254 
and p=0.048) (Table 2). When the APACHE-II score and lactate 
and procalcitonin/albumin ratio were evaluated; APACHE-II was 
positively significant and had a weak correlation with lactate and 
procalcitonin/albumin ratio (r=0.316 and p=0.013, r=0.288 and 
p=0.025) (Table 2,3). 

A simple correlation index was used between the groups of APACHE-
II and SOFA scores and procalcitonin, lactate, procalcitonin/
albumin, which are blood parameters. Procalcitonin averages of 
the groups according to APACHE-II score groups were 100, 112.5, 
137.5 and 157 respectively. Procalcitonin/albumin averages of 
the groups according to APACHE-II score groups were 100, 119.2, 
148.4 and 172.9, respectively. The correlation index of the lactate 
average of the groups according to APACHE-II score groups was 
100, 167, 184.5 and 233 respectively (Figure 1). Procalcitonin 
averages of the groups according to SOFA score groups were 100, 
118.5 and 160.2 respectively. Procalcitonin/albumin averages of 
the groups according to SOFA score groups were 100, 118.9 and 
168.3, respectively. The correlation index of the lactate average 
of the groups according to SOFA score groups was 100, 129.7 and 
178.5 respectively (Figure 2).

A moderate negative correlation was found between albumin 
and APACHE-II score (r=-0.469 and p=0.000) (Table 2). The SOFA 
score was positively associated with procalcitonin (r=0.331 and 
p=0.009) (Table 2). The SOFA score was positively associated 
lactate (r=0.353 and p=0.005) (Table 3). SOFA was positively 

significant and weakly correlated with Procalcitonin/albumin 
ratio (r=0.362 and p=0.004). SOFA was negatively correlated with 
albumin (r=-0.458 and p=0.000). (Table 2). There was no positive 
or negative correlation with CRP blood parameter APACHE-II and 
SOFA score (p=0.452, p=0.640) (Table 3). In our study, we divided 
into two groups as survivors according to 28-day mortality. 
Threshold values of blood parameters were determined by roc 
analysis in terms of mortality. procalcitonin 37.7 ng/mL AUC: 
0.616 (0.447- 0.785), Albumin 2.06 g/dL AUC: 0.829 ( 0.717- 0.941), 
procalcitonin/albumin 18.5 AUC: 0.645 (0.479- 0.811), Lactate 
cut of value 1.5 mEq/L AUC: 0.693 (0.525- 0.861), CRP 39 mg/L 
AUC: 0.648 (0.483-0.812) (Figure 3). procalcitonin, CRP, lactate, 
procalcitonin/albumin in terms of mortality in the evaluation of 
the area under the curve >0.5 is considered to be significant.

Discussion

Prolongation of the life period and improved healthcare services 
caused a trend of increase in critical patients recently. Critical 
patients who develop one or multiple organ failure have cardiac, 
respiratory or neurological diseases and need supplementary 
treatments such as intubation, mechanical ventilation and 
positive inotropic agents (16). Sensitive and specific scoring 
systems and laboratory tests are required to guide monitoring 
of treatment response in critical patients. In this study, blood 
parameters with acute phase reactants were evaluated in terms 
of determining mortality, and these parameters were compared 
in terms of clinical progress and correlation in relation to 
prognostic scores including APACHE-II and SOFA.

The relationship between low serum albumin levels and severe 
disease and poor prognosis has been shown for many years in 
different patient groups with many studies (17). In a study, they 
reported that the mortality rate was 24% in hospitalized patients 
with serum albumin concentration lower than 3.4 mg/dL and 
62% in patients with lower than 2 mg/dL (18). As a result of 
our study, albumin has similar results with other studies; SOFA 
and APACHE-II scores were negatively correlated with moderate 
level. Albumin value was an important factor in mortality. Some 
recent studies detected increased lactate concentration with 
higher mortality in different patient groups (19). Yılmaz et al. 
(20) conducted a retrospective study on trauma patients and 
detected a significant association between higher lactate level 
and mortality.

A previous studies on sepsıs emphasized that the value of lactate 
was important in terms of mortality (21,22). In the present study, 
the association between lactate level and SOFA scoring was 
moderately significant and it was shown as an important factor 
on mortality. In addition, the lactate cut-off point was found 
to be 1.5 mEq/L according to Roc analysis and it was found to 
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Demographic characteristics -
independent variables (IVs)

Name of characteristics Label Number Percent (%) Mean SD Scale

Gender

Female (0) FEML 26 42.6

0.57 0.499 0-1Male (1) MALE 35 57.4

Total - 61 100

Age Total AGE 61 100 65.77 18.51 19-91

Additional disease

Diabetes Melitus (1) DM 19 31.1 - - -

Hipertansiyon (2) HT 25 41.0 - - -

Cerebrovasculer disease (3) CVD 8 13.1 - - -

Coronary artery disease (4) CAD 15 24.6 - - -

Chronic kidney disease (5) CKD 9 14.8 - - -

Alzheimer (6) ALZH 3 4.9 - - -

Cancer (7) CA 11 18.0 - - -

Chronic obstructive 
pulmonary disease (8)

COPD 18 29.5 - - -

Other (9) Other 16 26.2 - - -

Total - - - - 0.321 1-9

Diagnosis of hospitalisation

Pneumonia (1) PNM 28 45.9 - - -

Sepsis (2) SPS                   9 14.8 - - -

Hypoxic respiratory failure (3) HSY 16 26.2 - - -

Akut kidney disease (4) ABY 12 19.7 - - -

Peritonit (5) PRT 2 3.3 - - -

Electrolyte disturbance (6) EB 6 9.8 - - -

Diabetic ketoacidosis (7) DKA                   3 4.9 - - -

Cerebrovascüler disease (8) SVO 3 4.9 - - -

Gastrointetinal 
hospitalisation (9)

GISH 6 9.8 - - -

Trauma (10) TRV 4 6.6 - - -

Pulmonary embolism (11) PE 3 4.9 - - -

Subaracnoid K (12) SAK 1 1.6 - - -

Other (13) OTHER 8 13.1 - - -

Total - 61 100 - - 1-13

Glaskow Coma score 

15 (1) GCS1 26 42.6 - - -

13-14 (2) GCS2 16 26.2 - - -

12-10 (3) GCS3 11 18.0 -

9-6(4) GCS4 6 9.8 - - -

<6 (5) GCS5 2 3.3 - - -

Total - 61 100 2.04 1.14 1-5

 Intensive care duration

1-3(1) - 21 34.4 - - -

4-7 (2) - 22 36.1 - - -

8-14(3) - 13 21.3 - - -

>14(4) - 5 8.2 - - -

Total - 61 100 2.03 0.94 1-4

Clinical navigation

Exitus (1) - 15 24.6 - - -

Healthy discharged (2) - 17 27.9 - - -

Transfer to the service (3) - 9 14.8 - - -

Intensive care referral (4) - 20 32.8 - - -

Total - 61 100 - 1.190 1-4
SD: Standard deviation, GCS: Glasgow Cama Scale
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be an important factor on mortality. There is not any positive 

or negative linearity between CRP levels and both APACHE-II 

and SOFA scores. A recent study did not show any effect of CRP 

acute phase reactant on mortality in trauma patients followed 

in intensive care unit (20). Although CRP did not correlate with 

SOFA and APACHE-II, CRP cut-off value >39 mg/dL was found to 

be significant in terms of mortality. Recent studies addressed 

that procalcitonin increase above 2 ng/mL in clinical conditions 

such as severe infection, sepsis and multiple organ failure 

Table 2. Correlation between CRP, procalcitonin, albumin, lactate and procalcitonin/albumin among laboratory parameters and 
APACHE-II and SOFA

Correlations Procalcitonin Albumin Procalcitonin/ 
albumin

Spearman’s rho

SOFA

Cor. Coef. 0.331 -0.465 0.362

Sig. 0.009 0.000 0.004

N 61 61 61

APACHE II

Cor. Coef. 0.254 -0.469 0.288

Sig. 0.048 0.000 0.025

N 61 61 61

APACHE II: Acute Physiology And Chronic Health Evaluation II, SOFA: The sequential organ failure assessment score, Cor: Correlation, Coef: Coefficient, Sig: Significant, CRP: 
C-reactive protein, N: Number

Table 3. correlation between CRP, procalcitonin, albumin, lactate 
and procalcitonin/albumin among laboratory parameters and 
APACHE-II and SOFA

Correlations Lactat CRP

Spearman’s rho

SOFA

Cor. Coef. 0.353 0.098

Sig. 0.005 0.640

N 61 61

APACHE II  

Cor. Coef. 0.316 0.061

Sig. 0.013 0.452

N 61 61

APACHE II: Acute Physiology And Chronic Health Evaluation II, SOFA: The sequential 
organ failure assessment score, Cor: Correlation, Coef: Coefficient, Sig: Significant, 
CRP: C-reactive protein, N: Number

Figure 1.   Correlation values ​​of blood parameters according to 
APACHE II score groups

APACHE II: Acute Physiology And Chronic Health Evaluation II, Alb: 
Albumin

Figure 2.   Correlation values ​​of blood parameters according to 
SOFA score groups

SOFA: The sequential organ failure assessment score, Alb: Albumin

Figure 3. Mortality of blood parameters according to ROC analysis 
(Procalcitonin 37.7 ng/mL AUC:0.616 (0.447-0.785), Albumin 2.06 
g/dLAUC: 0.829 (0.717-0.941), procalcitonin/albumin 18.5, AUC: 
0.645 (0.479-0.811), lactate cut off value 1.5 mEq/mL AUC: 0.693 
(0.525- 0.861), CRP: 39 mg/L AUC: 0.648 (0.483-0.812)

ROC: Receiver operating characteristic, AUC: Area under curve, 
CRP: C-reactive protein
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syndrome, and it is an important indicator for early diagnosis 
(23,24). Procalcitonin is a specific and sensitive marker for severe 
bacterial infections which may show developing inflammatory 
response earlier (25,26). Similar results were obtained in the 
present study. It was considered that procalcitonin presents a 
positive correlation with APACHE-II and SOFA scores; and it is 
a useful laboratory parameter for monitoring and treatment. 
High procalcitonin levels are associated with the severity of the 
infection and have been shown to be used in the follow-up of 
patients with severe infections, sepsis, and multiple organ failure 
syndrome (25). In a study, procalcitonin and albumin were 
important markers of infection in elderly individuals (27).  In our 
study, procalcitonin and procalcitonin/albumin ratio were found 
to have a low positive correlation with prognostic scores and 
were found to be helpful parameters during the clinical course.

In the ROC analysis, the AUC value of the blood parameters is 
above 0.5 and the AUC value of the albumin is high. This shows 
us the importance of the albumin cut-off value in terms of 
mortality below 2.06 g/dL. In the study of Yap et al. (28), Similar 
results were obtained with our study and it was emphasised that 
albumin may be associated with mortality.

Study Limitations

This study was performed in the intensive care unit and the 
patient population was limited.

Conclusion

Considering the importance of critical patients on mortality 
since admission to the emergency department, procalcitonin, 
lactate albumin and procalcitonin/albumin were thought to be 
prognostic markers according to the cut-off points. In addition, 
they were found to be beneficial in clinical follow-up as they 
correlated with the scores of APACHE-II and SOFA scoring systems 
used in intensive care units.
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