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Abstract 

Intensive care services are high-cost services. The functioning, efficiency, and cost-effectiveness assessments of the 

intensive care units (ICU) should be performed according to the severity of the disease of the treated patients. For this 

purpose, various disease severity scores have been developed to be used in ICU. Of these severity scores, APACHE II is 

mostly used. The mortality prediction rates of APACHE II are high, but not 100%. Various severity scores have been 

developed over time, but none of them has been completely accurate in predicting mortality. Today, there are numerous 

studies related to the mortality by Red Cell Distribution Width (RDW). In the studies conducted on a relationship between 

RDW and mortality in ICU patients with different diagnosis, its relationship with mortality is clear. In this study, we have 

examined the publications in which laboratory parameters of APACHE II have been extensively reviewed in the literature 

and compared with mortality one by one and the publications in which RDW has predicted mortality. We believe that the 

addition of RDW as a laboratory parameter to APACHE II will have high contributions in predicting mortality. 
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1. Historical Development of ICU  

Historically, the term “intensive care” was first introduced in 1863 when Florence Nightingale defined the units where the 

patients who recovered from the acute phase after surgery and stayed until their vital functions were stabilized in his notes 

and in the 1920s, post-operative “recovery room” was defined in Johns Hopkins Hospital; in 1930, a well organized post-

operative intensive care unit was established in Germany; in the 1940s, highly specialized post-operative “recovery rooms” 

were introduced in Mayo Clinic in the United States [1] and today's foundations of the ICU have begun to be laid.  
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2. ICU Disease Severity Scores 

Intensive care scoring systems are commonly used to predict the recovery from the disease, to determine the severity of the 

disease and the degree of organ dysfunction, to evaluate the treatments administered, to standardize the patients to 

participate in clinical trials, and to compare ICU performance [2]. The factors determining mortality in intensive care 

patients are the physiological reserve of the patient, the type of disease, the severity and the response to treatment. In 

addition, chronological age and chronic diseases can cause deterioration in functions of organ systems and affect the 

patient's physiological reserve. The severity of the disease can also be evaluated anatomically or via the functions [3]. 

During the admission to intensive care, the diagnosis of many patients could not be determined. Therefore, scoring systems 

based on physiology are used because it is not possible to apply diagnostic scoring systems. The one defining the severity 

of disease by using changes in physiological measurements is Acute Physiology and Chronic Health Evaluation = 

APACHE. APACHE I, one of the prognostic scoring systems, was developed in 1981 [4]; and APACHE II [5] was 

published and started to be used in 1985, APACHE III [6] in 1991, APACHE IV [7] in 2006. APACHE III is an extremely 

powerful scoring system, which is a detailed and simplified form of APACHE II, with the extension of the section of 

disease diagnosis, the addition of an area where the patient was admitted to intensive care, the human immunodeficiency 

virus and hematological malignancies to the evaluation. However, the evaluation did not find a common use area because it 

required the purchase of a computer-based software [6-10]. In APACHE IV, the diagnosis of admission to intensive care, 

duration of stay in the hospital before intensive care, mechanical ventilation and thrombolytic therapy have been added, but 

this has not been commonly used [7,8,10]. Because of these reasons in our country, APACHE II is commonly used in 

ICUs. 

 

3. APACHE II and Mortality Prediction 

APACHE II, which is one of the most used scores in ICUs, is known to show a good correlation with mortality. In 

APACHE II, body temperature, mean arterial pressure, heart rate, respiratory rate, oxygenation, arterial PH, venous HCO3, 

sodium, potassium, serum creatine, hematocrit, leukocyte and GCS (Glasgow Coma Score: GCS) are included [5]. 

 

The range of scores available for APACHE II is between 0 and 71 [5,11]. In the study of Knaus and his colleagues in 5815 

intensive care patients, it was determined that the mortality was 40-75%, while APACHE II score was 20-35 for all non-

operative patients [5]. 

 

4. RDW and the cases in which it has increased 

RDW is a measure of the volume variability of erythrocytes (anisocytosis) and is identified on a routine complete blood 

count. RDW is calculated with the formula of multiplying the standard deviation of the erythrocyte volume with the 

average rate of erythrocyte volume by 100. It is included in the laboratory results as a standard statistical value. The normal 

range of RDW is between 11% and 14.5%. The increase in RDW shows a large variety in erythrocyte volumes [12]. RDW 

increases in iron deficiency, vitamin B12 deficiency, folate deficiency and hemolysis, blood transfusion [13]. Increases in 

RDW have been found to be associated with increased inflammatory markers [14,15]. The effect of inflammation on 

erythropoiesis and circulating erythrocyte half-life causes anisocytosis and may lead to an increase in RDW values [16].  
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5. Effects on RDW and Mortality 

It has been reported that a high RDW level has an important role for short- and long-term prognosis [17]. Although the 

underlying mechanism has not been fully understood, it has been shown that there is an independent relationship between 

increased RDW levels and all causes of mortality in critical patients [18]. Most importantly, it is suggested that the RDW 

value is an independent and strong indicator for the risk of death in the general population [17]. 

 

In a study based on the criteria of mortality, 15852 patients were examined retrospectively between 1988-1994. In a 8.7-

year average follow-up, 2.629 deaths were detected among 15,852 participants. In this study, mortality rates increased with 

increasing RDW value and the highest RDW value was found to be associated with a 5-fold increased risk of death when 

compared to those of the lowest [19]. In another study were conducted on 8175 patients aged 45 and over. For every 1% 

increase in retrospective RDW, it was concluded that the risk of all-cause mortality increased by 22% [20]. In a systemic 

meta-analysis published in 2017 where a total of 117047 CRF patients were examined, it was reported that the risk of all-

cause mortality increased by 36% in hemodialysis patients for every 1% increase in RDW and to have concluded that high 

RDW levels probably increased the risk of all-cause mortality in CRF patients as a result of this study [21]. In the meta-

analysis where a total of 12 studies involving 2721 patients were examined, it was concluded that higher RDW levels were 

associated with increased risk of atrial fibrillation in different populations [22]. In another study, it was also determined 

that RDW had a prediction, close to APACHE II in predicting intensive care mortality and emphasized that RDW should 

be considered to be added to the disease severity scores [23]. 

 

6. Conclusion 

The mortality prediction rates of APACHE II in disease severity scoring are high but not 100%. In clinical use, the 

mortality prediction rates of APACHE II, which we use frequently in ICU, have been observed to be low at some points 

and then APACHE III and APACHE IV have been developed. However, these scoring systems could not be used as 

effectively as APACHE II due to the need for computer-based software (APACHE III) and the presence of mechanical 

vents, thrombolytic treatment and ICU admission diagnoses (APACHE IV). 

 

In this study, we see that scientists are still in search for the prediction of mortality near 100% in such commonly used 

scoring systems and various different parameters have been added in these researches over the years.  Besides in this study, 

we have also reviewed the mortality prediction rates of RDW in general and disease populations. As seen in these studies, 

we believe that RDW has an effective prediction mortality as well as predicts the mortality of the laboratory parameters 

that constitute APACHE II and therefore RDW should be considered to be added to the disease severity scores.   
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