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Procalcitonin as a predictive biomarker after open heart surgery
H. Stoev, Z. Vazhev, K. Dimitrov
Medical University— Plovdiv, Plovdiv, Bulgaria

Posternotomy infections are a serious complication and are directly related to patients’
survival in the short and long term. Despite prevention, their expression is still
significant - from 0.5% to 6.8%, and the associated hospital mortality rates ranges
from 7% to 35%. Procalcitonin (PCT) is a well-known prognostic marker after elective
cardiac surgery. However, the impact of elevated PCT in patients with an initially
uneventful postoperative course is still unclear.

Purpose: to evaluate procalcitonin levels as a prognostic tool for delayed complications
after open cardiac surgery — superficial and deep wound infections, SIRS, sepsis.
Methods. In this prospective study, for the period July 2017 - February 2018, we
evaluated 137 elective coronary patients in order to analyze the prognostic value of
procalcitonin. Preoperative assessment of left ventricular function (EF) and operative
risk (EuroSCORE) was performed. Patients with clinical and laboratory evidence of
infection - fever, leukocytosis, toxicoinfectious syndrome and elevated CRP were
excluded from the study. PCT was measured 24 hours after the intervention. Patients
were followed up within 3 months and postoperative results were evaluated.

Results. Among 137 patients with an initially uneventful postoperative course, 19
patients developed delayed complications. Serum PCT levels on the first postoperative
day were significantly higher in these patients compared to the remaining. ROC
analyses showed that PCT had a high accuracy to predict delayed complications (AUC
of 0.90, sensitivity 83% and specificity 97%). Patients with PCT levels above 2 ng/ml
on the first postoperative day had a highly increased risk of superficial and deep wound
infections, SIRS and sepsis.

Conclusion. A single measurement of PCT seems to be a useful tool to identify patients
at risk of delayed complications despite an initially uneventful postoperative course.
Keywords: cardiac surgery, procalcitonin, risk factor, delayed complications.

IIpokanbIUTOHHNH KYPEKKe *KacaJIFaH oNnepanusaaH Kelinri 6o/kaMabl
Ouomapkep perinje

X. Croes, 3. Baxes, K. lumutpos

IInoBauB Mennnuua yausepcurerti, [Tnonus, bonrapus

Onepanusgad KeHiHri HHPEKIUsIap ayblp acKbIHY JKOHE KbICKa opi y3aK Mep3imuii
MepCIEeKTUBA A TALMEHTTEP/IiH OMip CypyiHe TiKelel OaiaHbICThI OOMbIN TaObUIAIBI.
IMpodunaxkTukara KapamacTaH, oJapIblH aHKbIHABIIBIFEL o1 Ae eneyni - 0,5% - naH
6,8% - Fa neiiH, aj 1Jaecesl TOCIUTaIbIBIK OIM-KITIM 7% - man 35% - ra neiin
aybITKUBL. [Ipokansuuronns (I1IKT) sxocnapiasl KapAnOXUPYPIHSIBIK ONepanusaaH
KeiliH 6omkamIbl Mapkep O0ombin TaOblIa bl. Anaiiia, onepanusagad KeHiHri 0acTanksl
peunausci3 arbiMbl Oap manuentrepre [IKT meHreifiniH skoFapbUIayBbIHBIH dcepi oii
KYHTe JIeHiH TYCIHIKCi3 OO Kady/a.

Makcarbl. Ocbl 3epTTeyaiH MaKcaTbl-alllbIK KapAHOXUPYPTHANBIK apanacynapaaH
KeiiHr1 y3aK Mep3iMIi acKbIHYJIapAarbl YCTIPT JKOHE TepeH jkapa MH(EKIUsIapsbl,
JKPBU, cencuc OomkaMAbIK Kypaj peTiHAe MpOKaJbIUTOHHH ACHIeHiH Oarainay.
Oaicrep. by mpocnektusti 3eprreyne 2017 sxpuinelH mingecineH 2018 sKpLIIbIH
aKMaHbIHA JIeiiH 0i3 MPOKaJIbLUTOHWHHIH OOHKaM/Abl KYHIBUIBIFBIH Tasfdy YINiH
137 xopoHapibIK HayKacThl Tekcepaik. Coi iKaK KapbIHIIAHBIH (YHKLIUSICH MEH
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onepasuiblk  Toyekenn (EuroSCORE) omeparusira geifinri Garanay Kypri3iiii.
3epTTeyaeH Kbi30a, JICHKOINTO3, TOKCHKOMHDEKIUSIBIK CHHAPOM koHe C pPeakTHBTI
AKyBI3bIHBIH JICHI€HiHIH JKOFapbUIaybl CHSKTHI HHQEKUUSHBIH KINHUKAJIBIK -
3epTxaHanslk Oenrinepi Oap maumentrep wbrapsuiapl. [IKT apanacynan keiiin 24
cararTaH Keilin enmensi. Haykacrap 3 aii 60oiibl Gakbliayaa 60l JKoHe ONeparysaaH
KeiliHT1 HOTIXKeTep OaraiaH/Ib.

Hoarmxenep. Onepaliusiiad )KaKkCchl MIbIKKAH 137 ManueHTTiH apacsinaa 19 nanueHTre
y3aK Mep3iMJii aCKbIHYyIap JaMblbl. Oneparusian KeWiHTi allFaliKpl TOYIIIKTepIe KaH
capsicybiaarbl [IKT npenreifi ocel manmeHTTepse OacKajlapbIMEH CalbICTBHIPFAH/IA
aifrapneikraii sxorapsl Oomapl. ROC Tannaynapst [IKT y3ak Mep3imji acKbeIHyIapbt
OonKayIbIH KOFapel 1airi 6ap exenin kepceTti (AUC 0,90, cesimranabik 83% xoHe
epekieniri 97%). [IKT meHreiti 2 Hr/MJ-A€H OFapbl MAIMEHTTEPC ONEpaIUsiaaH
KeHiHT1 aNFamikbl TOYIIKTEpAE YCTIPT JKoHe TepeH kapa nHpekuusuapbHbH, JKPBU
JKOHE CETICHUCTIH JJaMy KayTIi )KOFapbl OOJIIbI.

Kopsritbmast. [TKT-HbI Oip peTTik emey onepanysjaH KeHiHri alFaksl HOTHXXECi3
arpIMFa KapamacTaH, KeiliHre KalIbIpbUIFaH acKbIHYJIap/AblH JaMy Kaymi Oap
MalUeHTTeP/li aHBIKTAY YIIiH Naliabl Kypai O0JIbI Ta0buIa bl.

Hezizei co30ep: kapouoxupypeusi, npOKaIbYUMOHUH, Kayin ¢pakmopbl, Y3ax mMep3imoi
ACKbIHYIap.

IIpokajJbUMTOHNH KAK NPOrHOCTHYECKHI OMOMapKep mocJie onepanum Ha
OTKPBITOM Cep/Iie

X. Croes, 3. Baxes, K. /lumutpos

Menuuunnckuit Yauusepcuret — [lnoBnus, I1nosnus, bonrapus

ITocneoneparionHble MHPEKIUH SBIAIOTCS CEPHE3HBIM OCIOXKHEHUEM U HAMPAMYIO
CBSI3aHBI C BBDKMBAEMOCTBIO TIAI[MEHTOB B KPAaTKOCPOYHOH M JOJATOCPOYHOI
nepcrekTuse. HecMoTpst Ha NPOQMIIaKTHKY, HX BBIPAXKCHHOCTb BCE €l11e 3HAYUTENIbHA
- o1 0,5% no 6,8%, a comyTCTByIOIas rOCIUTANbHAs CMEPTHOCTH KonebneTcs oT 7%
10 35%. Ilpokansuutonun (I1IKT) sBnseTcs Xopomo M3BECTHBIM MPOTHOCTHYECKUM
MapKepoM Iocie IUIAaHOBOH KapAHOXHMpypruueckoit omepanuu. OJIHAKO BIMSHHE
noBeieHHoro  ypoBHst IIKT Ha manmeHToB ¢ W3HA4YanbHO OE3pElUIUBHBIM
MOCJIEONEPAIOHHBIM TEUEHHEM 10 CHX MOP OCTAETCs HESCHBIM.

Hensb. Llenpro HACTOAIIETO UCCIIEI0BAHNUS IBUIIACH OLIEHKA YPOBHS MPOKANBIUTOHUHA
KaK TPOTHOCTHYECKOTO HMHCTPYMEHTA TpPH OTJAICHHBIX OCIOXKHEHHSIX TOCle
OTKPBITBIX KapAHOXHPYPrUYECKHX BMEIIATETbCTB — TMOBEPXHOCTHBIX M TIIyOOKHX
paneBbIx nHpexuusax, OPBU u cencuce.

MeTtoasbl. B 3TOM mpocnekTHBHOM HccieaoBaHuM 3a nepuof ¢ utonsg 2017 roxa mo
¢despanb 2018 roxa, mbr obcenoBanu 137 KopoHapHBIX OOJBHBIX C LETBIO aHAN3A
MPOTHOCTHYECKON IIEHHOCTH MpoKanbluToHMHA. [IpoBeseHa mpeponepannoHHas
oneHka (DYHKIMH JIEBOTO Jkenyaouka u omepannoHHoro pucka (EuroSCORE). U3
MCCIIeI0BaHUs OBLIN UCKITIOUEHBI TTAIIUEHTBHI C KITMHHUKO - TA00paTOPHBIMU PH3HAKAMHU
UHQEKIUU - JIMXOPAIKOIl, JIEHKOIMTO30M, TOKCMKOMH(EKIMOHHBIM CHHIPOMOM H
MOBBIIEHHBIM ypoBHeM C-peaktuBHoro Oemnka. [IKT msmepsn uepes 24 vaca nocie
BMeIIaTeNnsCTBa. [lannenTsl HaXoAUANCh MO/ HAaOMIOEHHEM B TeUeHHE 3 MECSIEB U
OLIEHUBAJIMCH MOCIEONEPAOHHBIE PE3YIbTATHL.

Pesyabrarsl. Cpenu 137 mamuMeHTOB ¢ OJAarompHUsTHBIM — MOCIEONEPAllMOHHBIM
TeueHueM, y 19 manueHTOB pa3BUIIMCH OTAANEHHbIE ociokHeHus. Yposenb [IKT B
CBIBOPOTKE KPOBH B INEPBBIE MOCIEONEPAIIMOHHBIE CYTKH OBIT JOCTOBEPHO BHIIIE y
9THUX MAIMEHTOB M0 CPAaBHEHUIO ¢ ocTanbHbIMU. ROC-ananu3el mokaszanu, uro I1IKT
0051a1aeT BBICOKOH TOYHOCTBIO MPOTHO3WPOBAHUS OTAAJCHHBIX ocioxkHeHui (AUC
0,90, ayBcTBUTENBHOCTE 83% 1 cnenuduunocts 97%). Ilatments! ¢ ypoBuem IIKT
BBIIIE 2 HI/MJI B MIEPBBIC MOCICONEPAMOHHBIC CYTKH UMENH CHIBHO MOBBIIICHHBIH
PHCK pa3BHUTHS TTOBEPXHOCTHBIX U MTyOOKHX paHeBbix HHekuunit, OPBU u cencuca.
BruiBoabl. Onnokparnoe usmepenue [IKT npencraBiseTcs none3HbIM HHCTPYMEHTOM
JUIS BBISIBIIEHUSI TTAIIMEHTOB C PUCKOM Pa3BUTHS OTCPOYEHHBIX OCIOKHEHUH, HECMOTPSI
Ha U3HaYalIbHO 06€3pe3y/bTaTHOE MOCIEONePAHOHHOE TEUSHHUE.

Knrouesvle cnosa: kapouoxupypaus, npokaibyumoHut, Qakmop pucka, omoajieHHoie
OCTOJICHEHUSL.

Introduction represent a serious complication after open heart surgery
and are directly related to patient survival in both the short
and long term. Moreover, mediastinitis leads to extreme
increase in financial costs. Despite prophylaxis, the

Median sternotomy represents a standard surgical
access in cardiac surgery, despite the growing popularity
of minimally invasive access [1]. Sternal wound infections
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incidence remains significant, ranging from 0.5% to 6.8%,
and the associated in-hospital mortality ranges from 7% to
35% [2]. Procalcitonin (PCT) is a well-known marker after
elective cardiac surgery [3]. It is a 116-amino acid peptide
secreted from thyroid parafollicular cells as the precursor
of calcitonin [4]. Regarding inflammatory response, PCT
is synthesized in nearly all organs like liver, lung, kidney,
intestine and almost all other tissues throughout the body
[5,6]. The production of PCT can be induced by endotoxins
of gram-negative bacteria or by proinflammatory cytokines
(IL-1 and IL-6 or TNF-a). High serum PCT has been
described in patients with systemic infection [7], strongly
correlating with the extent and severity of bacterial
infections and in case of systemic inflammatory response
(SIRS) [8]. The use of cardiopulmonary bypass leads
to various degrees of a systemic inflammatory response
syndrome associated with an increase of PCT levels
within the first 24h postoperatively [9]. Cardiac patients
with increased serum levels of PCT have been found to be
related to the development of complications after surgery
[8,9]. However, these studies were not focused on patients
with an initially uneventful postoperative course. If the
initially postoperative course was uneventful, the elevated
PCT levels were not included in the decision making
process for further therapy concepts.

Methods

This retrospective study is conducted at “St. George”
University Hospital - Department of Cardiac Surgery —
Plovdiv, Bulgaria. For the period July 2017 - February
2018, we evaluated 137 elective coronary patients in order
to analyze the prognostic value of procalcitonin. Written
informed consent was obtained from all patients meeting
the criteria and being included in this study. Preoperative
assessment of left ventricular function (EF) and operative
risk (EuroSCORE) was performed. Patients with clinical
and laboratory evidence of infection - fever, leukocytosis,
toxicoinfectious syndrome and elevated CRP - were
excluded from the study. PCT was measured 24 hours
after the intervention. Patients were followed up within 3
months and postoperative results were evaluated.

In our center, all elective patients with initially
uneventful postoperative course were admitted to our
intensive care unit for extubation. If the patients could
be extubated within 9 h of surgery and showed an
apparently uneventful postoperative course, the patients
were discharged from our intensive care unit at latest
the morning after surgery. The initially uneventful
postoperative course is defined as: less than 24 h within an
intensive care unit (ICU), the patients were in a clinically
stable hemodynamic and respiratory condition, they did

not show signs of stroke or bleeding necessitating wound
reexploration and were without acute renal failure after
the first night of surgery (defined by AKIN criteria) [10].
Delayed complications were defined as: complications
occurring after initially uneventful postoperative course
resulting in superficial and deep wound infections, SIRS,
sepsis. All 137 open heart operations are performed
in 3 operating rooms (OR), equipped with a standard
ventilation and air conditioning system. The air exchange
is 25 times/hour. The temperature in the OR is kept
constant - 18-20°C. The operative team consists of 8 +
1 people - an operator, one or two assistant-surgeons, an
anesthesiologist and a nurse anesthetist, two scrub nurses,
a perfusionist (cardiovascular technician). Reagents
and a multiparametric immunoassayer Mini VIDAS®
(bioM¢érieux, France) were used to study the proposed
predictive biomarker - PCT. Blood was sampled for
inflammatory markers (leukocytes and C-reactive protein)
the day before surgery from a peripheral vein and on the
first postoperative morning from a central venous catheter
- PCT (24h postoperatively). Based on the main purpose
and objectives of the study, as well as the volume, type
and distribution of the data in the study, the following
statistical methods were used - ROC-curve for analysis
and evaluation of the predictive value of the analyzed
biomarker; the significance level of the null hypothesis
was P <0.05. Statistical data processing was performed
using the software product SPSS v.17, MicroSoft Excel
2010 was used for visual graphical presentation of the
results.

The ratio between the two sexes was 3.3:1 in favor of
males. The mean age was 67 years.

The risk of cardiac surgery was assessed with an
average EuroScore of 8.35 (0.85 to 52.25).

Results

The average stay of the patients in the intensive care
unit was 5 days (from 0 to 46 days), and the average total
hospital stay was 15.6 days (from 5 to 55 days).

During the study period, 137 patients underwent
cardiac surgery with cardiopulmonary bypass (CPB). Of
these, 19 patients developed delayed complications after
discharge from the intensive care unit. Patients developing
delayed complications were generally older, had poorer
preoperative renal function, a higher EuroScore and lower
left-ventricular ejection fraction. Operation time and CBP
time were longer in this group. The complications that
occurred in the postoperative period are summarized in
Diagram 3.

Looking in detail at the statistical analysis of data,
PCT is a major predictive marker for the development of

Table 1. In-hospital stay and ICU stay of the studied group of patients (n = 137)

Mean+SE Median Min Max 95% CI
ICU 4,98+0,74 3,00 0 46,00 [3,51; 6,45]
Total in-hospital stay 15,62 £0,71 13,00 5,00 55,00 [14,21; 17,02]
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Diagram 1. Sex distribution in the studied group

SIRS, sepsis, superficial and deep wound infections. It is
more specific and more sensitive than CRP. PCT values
above 2 ng/ml were associated with an extremely high risk
of developing wound infections.

ROC analyses of postoperative PCT serum levels and
the occurrence of any delayed complication revealed an
AUC of 0.90.

Discussion

After decades of numerous studies and various
attempts to analyze inflammatory markers after cardiac

Sepsis

SIRS

Deep wound infections

Superficial wound infections

Diagram 2. Distribution of patients with deep wound
infections according to EuroScore

surgery, it is probably time to standardize the assessment
of inflammatory status before and after cardiac surgery.
Procalcitonin may play such a role. PCT is a 116-amino
acid peptide secreted by parafollicular thyroid cells as
a precursor to calcitonin. In terms of the inflammatory
response, PCT is synthesized in almost all organs such as
the liver, lungs, kidneys, intestines and almost all other
tissues in the body [5]. PCT production can be induced
by gram-negative bacteria endotoxins or by inflammatory
cytokines (e.g., IL-1 and IL-6 or TNF-a). High levels
of serum PCT strongly correlate with the degree and

Diagram 3. Frequency of major complications

Table 2. Analysis of the predictive value of procalcitonin with respect to the studied complications

Complication AUC SE 95% CI P value
Superficial wound infections 0.872 0.045 [0.783; 0.961] 0.001
Deep wound infections 0.906 0.032 [0.844; 0.968] 0.001
SIRS 0.893 0.032 [0.830; 0.956] 0.0001
Sepsis 0.847 0.041 [0.767; 0.927] 0.001
62 (4) 2020 West Kazakhstan Medical Journal 247
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Diagram 4. A: ROC curve of sensitivity and specificity of procalcitonin with respect to superficial wound infections; B — deep wound

infections; C — SIRS; D — Sepsis

severity of bacterial infections and in cases of SIRS.
The use of cardiopulmonary bypass in cardiac surgery
leads to varying degrees of SIRS, which is associated
with an increase in PCT levels within the first 24 hours
postoperatively; although a report by Boeken suggests that
CPB have no effect on PCT [8,11]. PCT has been found
to be elevated in infectious complications following open
heart surgery, including wound infections, and plays an
important role in their diagnosis and decision-making for
further therapeutic concepts [9,12]. However, these studies
did not focus on patients with an initially uneventful
postoperative course. The predictive value of elevated
first postoperative day PCT levels in patients with initially
uneventful postoperative course is still unknown. In our
prospective study, the predictive value was analyzed in a
single measurement of serum PCT to identify the risk of
infectious complications, in particular wound infections,
in patients after open heart surgery. Despite the opinion
that the single measurement of PCT has no particularly

prognostic significance [13], the present study manages to
prove the opposite.

The most impressive conclusion from this study is
that a single postoperative measurement of PCT levels
predicts late complications in patients after cardiac
surgery. Analysis of the data showed that 24 hours after
the intervention, PCT levels were significantly increased
in patients who developed infectious complications.
Regarding postoperative CRP levels and white blood cell
counts, they proved to be insufficiently accurate indicators
to distinguish those patients who would develop delayed
complications from the rest. ROC analysis reveals that
postoperative serum PCT levels have the strongest
prognostic value for the development of infectious
complications. It can be concluded that PCT is a major
predictive marker for the development of SIRS, sepsis,
superficial and deep wound infections. It is more specific
and more sensitive than CRP. PCT values above 2 ng/ml
are associated with an extremely high risk of developing
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wound infections.

Regarding our results, monitoring postoperative
PCT levels could be a helpful tool to predict likelihood
of delayed complications independently of the patient’s
clinical appearance the first postoperative day. That can be
easily integrated into clinical practice and help decision-
making processes for planning postoperative monitoring.
We assume that the focus to see every patient and therapy
more individually could be helpful to improve patient
outcome.
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