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Conclusion: C-Reactive Protein/Albumin ratio is a valuable marker for
the prediction of the re-admission of patients with sepsis in intensive care unit
after discharge.
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C-PEAKTUBTI AKYbI3/IbIH AJIbBYMHWH JEHTEMTHE KATBIHACHI CEIICUCKE INAJJIbIKKAH HAYKACTAP/IBIH,
KAPKbBIH/IbI TEPAIIUSI BOJIMIHE KAMTA KATKbI3bLJIATBIHBIH BOJIKA M IbI
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T¥XbIPbIMOAMA

Makcarbl: Cencuc kapkblHAbI Tepanusi 6enimMiHae eniMHiH XXofFapbl kepceTkiluTepiMeH barinaHbicTel. Cencuc AnarHo3bl KonblnFaH Haykactapabl
yakTbinbl LWbIFAPY ©niM-XiTiMai asantagbl, an aypyxaHara kanTa kabbingay LWbiFbiHAapAbIH ecyiHe xon 6epmengi. KapkeiHabl Tepanuns 6enimiHeH
nauneHTTepai Mep3iMiHeH OypbiH LWbIFApy ayblp HaykacTapAbl nanatanapfa aybICTbipyFa oKenin Cofafbl XeHe kawWTanan rocnuranusauusnay MeH
eniM-XiTiMAi >KofFapbinatybl MyMKiH. bi3fiH 3epTTeyimis cencuci 6ap HaykacTapablH KapkbiHObl Tepanusa GenimiHe KawnTta rocnutanusauusnaygbl
bomkayna C-peakTuBTi akybl3 MeH anbbymunH AeHreniHiH Tnimainirin 6aranayra 6arbiTTanfaH.

Matepuman xaHe agicTepi: 3eptTeyre 2017 xbInablH xenTtokcaHbiHaH 2018 XbINablH, XKenToKkcaHblHa AeWiH CencucneH emaenreH, KapkbliHabl
Tepanus OenimiHeH manaTafa aybICTbIpbIiFaH Haykactap Kipai. MauveHTTiH aemorpadusanbik KepceTkiluTepi (Kacbl, XbIHbICbI), Xeaern >XoHe
cosbinmMans! PyHKUMoHanapl e3repictepai 6aranay wkanacbl (APACHE-II), 6roxumusineik kepceTkiwTep, C-peakTuBTi akybl3, anbbymuH, kabbingay
KesiHaeri 3epTxaHanblk HaTwxkenepaeri C-peakTuBTi akybl3/anbOyMuH KaTblHAChl XaHe LUbIFapbInFaH KyHi C-peakTuBTi akybl3, anbbymuH, C-peakTuBTi
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aKybl3/anbOyMuH KaTbiHacbl kapKblHAbl Tepanus 6eniMi nauneHTTepiHiH a3banapblHaH Aa, aypyxaHaHblH AepekTep 6a3acbiHaH Aa Tipkengi.

Hatuxenep: 6i3giH 3eptTeyre 300 Haykac eHrisingi. MaumeHTTepain opTawa xackl 64+19 xac, an APACHE-Il optawa kepceTkiwi 22+9
6onapl. Kaita rocnutanusaumsnaidfaHgap TobbliHaarbl NaumMeHTTepaiH kachbl yrkeH xaHe APACHE-II »xorapbl 6ongbl. KanTa rocnutanusaumsnaHraH
nauneHtTepae C-peakTuBTi aKybl3ablH, anbOyMUHHIH xaHe C-peakTuBTi aKybl3ablH/anbOyMUHHIH KaTblHaCh! LbiFapbinFaH HayKacTapaarbl AeHrenaeH
antapnelktan epekwenengi. ROC-kucbik TanaaybiHaa C-peakTuBTi akybld/ansbyMUHHIH KaTbliHackl KaTanan rocnutanusauusinay yuwid 23,5 wekTi
6onbin Tabbinabl. KarTa rocnutanusauyusinadraHaap TobbiHaa epkekTep aviengepre kaparaHaa efsyip ken 6ongbl.

KopbITbiHAbI: C-peakTuBTi aKybl3/anbOyMWH KaTblHaChl LUblFapbiniFaHHaH KeWiH CemncucreH ayblpaTblH HaykacTapAblH KapKblHAbI Tepanus
GenimweciHe Tycyai 6omxkay yLiH KyHAbl Mapkep 6onbin Tabbinagbl.

Herisri cesgep: kanta rocnutanuaauus, C-peakTuBTi aKybi3, anbbyMuH, KapKblHAbI Tepanus

COOTHOIIEHHUE YPOBHEMN C-PEAKTAUBHOI'O BEJIKA U AJIbBYMUHA IIPOTHO3UPYET IIOBTOPHYIO
TOCHUTAJU3AIMIO NALHMEHTOB C CEIICUCOM B OTAEJEHUE HHTEHCUBHOM TEPAIIAU
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PE3IOME

Llenb: Cencuc cBA3aH C BbICOKMMY MOKa3aTensmMy CMEPTHOCTU B OTAENEHNN MHTEHCMBHON Tepanuui. CBOeBpeMeHHasi BbINvucka nauneHToB
C AVarHo3oM Cerncuc CHU3UT CMEPTHOCTb, @ MOBTOPHbIE roCNUTanM3aunm NpeaoTBpaTAT yBenuyeHve 3atpar. PaHHSasa Bbinncka nauvMeHToB U3 otae-
TNIEHNS MHTEHCUBHOW Tepanuu NpMBOAMT K NepeBody NauMEeHTOB C TSHKENbIMU 3aboneBaHUsiMU B Nanatbl Y MOXET YBENWYUTb YPOBEHb MOBTOPHOM
rocnMTanusaummn 1 CMepTHoCTb. Halle nccnegoBaHve HanpaBneHo Ha OLEeHKY apdeKTMBHOCTY ypoBHel C-peakTuBHoro 6enka n anbbymmnHa B npo-
rHO3MPOBaHWN NOBTOPHOW rocnUTanM3aunn NauMeHToB C CEMNCUCOM B OTAENEHVE MHTEHCMBHON Tepanuu.

MaTepuan n metoabl: B nccnegosaHve 6binu BKIOYEHbI NaLMEHTbI, KOTOPbLIX NeYnn OT cencrca B nepuof ¢ Aekabpsa 2017 roga no gekabpb
2018 roga, nepeBeAeHHbIX B Manaty n3 oTAeNeHns MHTEHCUBHOW Tepanuu. [lemorpaduyeckme pesynsraTbl NauMeHToB (BO3pacT, Mor), WKana oLeHKM
OCTPbIX Y XPOHUYECKNX (PYHKLUMOHAmMbHbIX n3meHeHnn (APACHE-I), Guoxmmunyeckme nokasatenu, C-peakTvBHbIN 6enok, anbbyMuH, COOTHOLLEHME
C-peakTuBHbIN benok/anb0ymnH B pesynbratax nabopaTopHbIx uccrnegoBaHun npu npveme n C-peakTuBHbIn 6enok, ansbyMuH, cooTHowweHne C-pe-
aKTUBHbI Genok/ansbyMyH B AeHb BbINUCKYM PErMCTPYPOBanu Kak 13 KapT NauveHTOB OTAENEHUs UHTEHCMBHOW Tepanuu, Tak U u3 6asbl AaHHbIX
60nbHULbI.

Pesynbratbi: 300 nauveHTOB Gbinm BKIOYEHbI B Halle nccnegosaHve. CpegHui Bo3pacT nauneHToB cocTaBun 64119 nert, a cpeaHsas oLeHka
APACHE-II - 2219. [MNauneHTbI B rpynne NoBTOPHO rOCNMUTann3nMpoBaHHbIX 6binu cTaplue 1 ¢ 6onee Boicokon oueHkot APACHE-II. YposHu C-peakTus-
Horo 6enka, anbbymuHa, cooTHoleHne C-peakTuBHbIN 6enok/ansbyMuH y NOBTOPHO rOCNUTaNM3MPOBaHHbIX MALMEHTOB 3HAYUTENIbHO OTNINYanuch OT
YPOBHEW BbINMCaHHbIX NauneHToB. B anann3e kpueon-ROC cooTHolweHne C-peakTuBHbIN B6enok/ansbyMmuH 23,5 6bino NOPOroBbIM 3Ha4YEeHWEM Ans

NOBTOPHOW rocnuTtanuaaummn. Myxu4vH 6bino 3HaunMTenbHO 6orblue B rpynne NOBTOPHO rOCMMTaNM3NPOBAHHBIX, YEM XKEHLLVH.

3akntoueHue: CooTHoleHne C-peakTvBHbIN Benok/anbbyMuH ABNSeTCS LeHHbIM MapKepoM Ars MPOrHO3MpOBaHMSA NOBTOPHON rocnutanmaa-
LMV NaLMEHTOB C CEMCUCOM B OTAENEHNE NHTEHCMBHON Tepanum Nocrie BbIMUCKN.

KnioyeBble cnoBa: noBTopHas rocnutanuaauns, C-peakTnBHbIN 6enok, anbbyMuH, MHTEHCMBHAsA Tepanusi

Introduction

Sepsis is associated with high mortality rates in the
intensive care unit (ICU) [1]. It is vital to start early diagnosis
and treatment. Early diagnosis is a paramount important step in
the treatment of sepsis, a specific test with high sensitivity and
specificity in determining its severity has not been reported yet
[2]. C-reactive protein (CRP) is a biomarker that can easily be
used in the monitoring of inflammation in intensive care units
[3]. Albumin (Alb) is a negative acute phase reactant and is an
indicator of acute inflammation. Low albumin levels have been
associated with the severity of the inflammatory response [4]. In
a previous study, it was stated that the CRP/Prealbumin ratio can
be used to estimate mortality in ICU [5].

Premature discharge from intensive care promotes the
deterioration risk of the patients and may increase re-admission
and mortality [6]. Delayed discharges lead to increased
infections, increased waiting time, lower patient satisfaction,
and staff burnout [7]. The timely discharge of septic patients
will reduce hospital mortality and re-admissions. An ideal test to
predict the re-admission of patients with sepsis and prevent early
discharge has not yet been reported.

Our study aims to evaluate the effectiveness of CRP and
albumin levels in predicting the re-admission of patients treated
with sepsis in the ICU.

Materials and methods

Our retrospective cohort study was started in parallel with
the Helsinki Declaration after obtaining the permission of the
Hitit University Ethics Committee (2018-145). Patients who
were treated for sepsis between December 2017 and December
2018 discharged to the ward from the ICU were included in the
study. Patients younger than 18 years old, those treated other than
sepsis, and patients with less than 24 hours of hospitalization

were excluded from the study. Patients who died in the intensive
care unit as well as the ones discharged to another center or
home were not included in the study. Only the first admission of
patients was included in the study.

Patient demographic results (age, gender), Acute
Physiology and Chronic Health Evaluation II (APACHE-II)
scores, biochemical parameters, CRP, Alb, CRP/Alb ratios in
admission and laboratory results, CRP, Alb, CRP/AlDb ratios on
the day of discharge were recorded both from ICU patient-charts
and hospital database.

Re-admission was defined as a second admission. Reasons
for re-admission to intensive care were classified as neurological
deterioration, respiratory failure, and hemodynamic disorder.

The data were analyzed using IBM SPSS 20.0 statistical
software. While evaluating the study data, the Pearson Chi-
Square Test was used to compare descriptive statistical methods
(frequency, percentage, mean, standard deviation, median, min-
max) as well as qualitative data. The suitability of the data to
normal distribution was evaluated by Kolmogorov-Smirnow
and Shapiro-Wilk tests. The Mann-Whitney U test was used for
comparing non-normally distributed data between groups, and
the Wilcoxon test was used for intra-group comparison. The
ROC curve (Receiver Operating Characteristic) method was
used to determine the discrimination of the variables. Values
with a probability of (P) [J= 0.05 are important and there is a
difference between the groups, the larger values are insignificant
and there is no difference between the groups.

Results

300 patients were included in our study. The flow diagram
is presented in Figure 1. The mean age of the patients was
64+19 years, and the mean APACHE-II was 22+9. 30 patients
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Table 1 Comparison of re-admission and discharge groups

Discharge(n=270) Re-admission(n=30) (%10) Total(n=300) p

(%90)

Mean+SD Min-Max Mean+SD Min-Max Mean+SD Min-Max
Age 63+20 20-92 69+13 42-85 64+19 20-92 0,222
(years) 229 3-42 25+8 6-39 229 3-42 0,052
APACHEII 616 2-43 1112 2-40 7+7 2-43 0,0321
LOSa 30+20 2-124 122+54 44-262 3938 2-262 0,0001
CRPb 2,9+0,5 1,7-4,7 2,2+0,6 1,4-3,5 2,9+0,5 1,4-4,7 0,0001
Albc 10,70+7,51 0,91-9,05 55,56+22,46 15,17-124,76 15,19+16,77 0,32-124,76 0,0001
CRP/Alb

1: Mann Whitney-U test

a: Length of Stay, b:C-Reactive Protein (mg/L) c:Albumin (g/dL)

Figure 1 Comorbidities of patients
’ 457 ICU patients ’ n %

Daibetes mellitus 85 28,3
143 patients died Hypertension 66 22,0

Congestive heart failure 20 6,7

Pulmonary edema 8 2,7

‘ 314 patients ’ Demantia 21 7,0
Chronic obstructive pulmonary disease 42 14,0
U p;tijt';]t::;aeﬁ:i:e" Type | pulmonary disease 60 20,0

Liver failure 6 2,0

Gastrointestinal hemorrage 10 3,4

’ SO-ipaticnt ’ Cerebro vascular disease 22 7,3

Traumatic brain injury 8 2,7

4 patients age<18 years old Post cardiac arrest 18 6,0

Traffic accident 24 8,0

End stage cancer 22 7,3
‘ 300 patients ’ Hypotansive shock 42 14,0

Intracranial hemorrage 18 6,0

Renal failure 26 8,7

(10%) were readmitted to intensive care within 48 hours after
discharge. The demographic characteristics, APACHE-II, CRP,
Alb, and CRP/ALlb ratios of patients who are readmitted and not

are presented in Table 2. When the re-admission group and the
discharge group were compared in terms of gender, there was a
significant difference between the groups as shown in Table 3.

readmitted are presented in Table 1. Comorbidities of the patients

Table 3 Evaluation of the study groups in terms of gender

Discharge (n=270) (%90) Re-admission(n=30) (%10) Total(n=300) p
n % n % n %
Men 118 43,7 22 73,3 140 46,7 0,002*
Women 152 56,3 8 26,7 160 53,3
* Chi-square
Figure 2 - ROC analysis for CRP Figure 3 - ROC analysis for CRP / Alb ratio
ROC Curve ROC Curve
1,0 / 1,0
.v»//
0,8 // 0,81
> 067 //"" 2> 06
s / 3
@ 3
] b4
a 0,4 a 0,4
%
0,2 024
%o 02 0 06 0 10 oot 02 04 06 08 10
1 - Specificity 1 - Specificity

Diagonal segments are produced by ties.

Diagonal segments are produced by ties.
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In the Receiver Operational Curve analysis for re-
hospitalization, the area under the curve value 65 mg/L Curve
(AUC=0.975; p=0.0001, 95% confidence interval CI: 0.958-
992), ROC is shown in Figure 2. The cutoff value for CRP/Alb
was found to be 23.5. The area under the curve (AUC=0.985;
p=0.0001, 95% confidence interval CI: 0.98-1) and ROC are
shown in Figure 3.

Discussion

In our study, the rate of re-admission after discharge
from the intensive care unit was 10%. There was a significant
difference in CRP, Alb, and CRP/Alb ratios of sepsis patients
who needed re-admission. In a study involving 2852 patients,
Kaben et al. found the rate of re-admission to be 13.4% and
highlighted the importance of serious sepsis [8]. In the study
conducted by Araujo et al. the rate of re-admission was reported
as 9.3% in trauma patients and 13.7% in surgical and medical
intensive care units [9]. In the short case series of Kwok et al.
re-admission was reported as 1.3% [10]. However, the presence
of a high-dependence service that can serve patients with a need
for support right next to the intensive care unit and postoperative
patients were the factors of a low rate for re-admission. In our
study, the rate of re-admission of septic patients was found
compatible with the literature.

As well as being effective in showing inflammation and
sepsis response of intensive care patients, CRP is an important
indicator in the determination of the severity of heart failure and
cerebral diseases [11—13]. In our previous study, we proved that
CRP values over 98 mg/L increased mortality 38 times [5]. Kwok
et al. stated that the CRP values above 100 mg/L were important
in the prediction of re-admission. Devran et al. reported that
CRP values above 100 mg/L in the study conducted in patients
with sepsis increased mortality [13]. We also found that the CRP
cut-off value was 65 mg/L in assessing re-admissions. We think
that the CRP above this value is effective in the prediction of re-
admission within 48 hours.

In our study, we found that the length of stay in the intensive
care unit was different between the groups. We determined the
average length of intensive care stay of patients treated with
sepsis as 7 days. The average length of stay of patients with septic
shock was 9 days and 18 days according to the studies realized
by Devran et al. [13] and Kim et al. [14], respectively. In the
study conducted by Verburg et al. all Dutch intensive care units
were analyzed and the average length of stay of sepsis patients
was reported as 2.3 days [15]. The average intensive care length
of stay in our study was compatible with the literature. We think
that patients with a short length of stay period are relatively less
serious patients. On the other hand, the patients in need of re-
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admission have a longer length of stay period and these patients
were more severely septic than others.

In our study, although the average age of female patients
in the re-admission group was higher than that of men, the re-
admission rate was higher in men. We thought that the higher
rate of re-admission among the younger patient group needs to
be further analyzed.

We revealed that patients in the re-admission group had
lower albumin values. Albumin is a negative acute phase reactant
and the relationship between albumin levels and mortality has
been previously demonstrated in several studies [16,17]. In
a study evaluating the 90-day mortality of septic patients, the
mean albumin values of the died patient group was reported as
2.2 g/dL, and the cut-off value for mortality was 2.5 g/dL [18].
Vincent et al. reported in a metaanalysis that hypoalbuminemia
negatively affected the entire clinical spectrum, mortality,
morbidity, hospital stay, and intensive care stay of the patients
[19]. In our previous study, we found that albumin levels below
2.1 g/dL were associated with mortality. We also reported that
the albumin value below 2.4 g/dL caused a 6.9-fold increase
in mortality [5]. In our study, in septic patients, the risk of re-
admission was found to be increasing when the albumin level
was below 2.4 g/dL.

In septic patients, an increase in CRP/Alb level is observed
with both increasing CRP levels and decreasing albumin levels,
which is a negative acute-phase reactant. According to the study
of Ranzani et al. the septic patients were analyzed and it was
realized that the CRP/Alb ratio above 20, predicted 90-day
mortality [18]. In their study to estimate the mortality of gastric
cancer patients, Toiyama et al. reported that CRP/Alb ratio above
58 increased mortality 2.8 times [20]. In our previous study, we
revealed that the CRP/Alb ratio above 44 increases the mortality
29 times [5]. In our study, in septic patients, the CRP/Alb ratio
above 23.4 was valuable in the prediction of re-admission to
intensive care.

The main weakness of our study is its retrospective manner
and being a single-center study. The removal of the lost data is
the strength.

Conclusion

CRP/Albumin ratio is a valuable marker in the prediction
of the re-admission of patients with sepsis in ICU after discharge.
We think that CRP/Albumin ratio can be used as a quality
parameter in intensive care units in the future.
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