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1. Wstep

Niewydolnos$¢ serca (ang. heart failure, HF) to zespdt typowych objawow
podmiotowych (tj. duszno$¢, obrzeki konczyn dolnych, obnizenie tolerancji wysitku),
ktore sa spowodowane przez uposledzenie funkcji narzagdu. W krajach rozwinigtych
dotyka 1 - 2% dorostej populacji, powodujagc zwiekszenie ilosci hospitalizacji, zgonoéw
oraz kosztow opieki zdrowotnej. Schytkowa HF, ktora dotyka 10% pacjentow z HF,
wigze si¢ z najwyzsza $miertelnoscia, osiggajaca 25 - 75% po roku od rozpoznania.
Pomimo rozwoju farmakoterapii oraz urzadzen do mechanicznego wspomagania
krazenia, przeszczepienie serca (ang. heart transplantation, HTX) pozostaje ztotym
standardem leczenia schylkowej HF dla chorych bez przeciwwskazan do HTX.
Ponownie podkreslity to najnowsze, opublikowane w 2021 r., wytyczne Europejskiego
Towarzystwa Kardiologicznego dotyczace diagnostyki i leczenia ostrej i przewleklej
HF.

Na s$wiecie wykonuje si¢ tacznie okoto 5000 HTX rocznie, a dane dotyczace
stosowanego leczenia oraz wynikow sag szczegoétowo analizowane i raportowane przez
Migdzynarodowe Towarzystwo Transplantacji Serca i Ptuc (ang. International Society
for Heart and Lung Transplantation, ISHLT). Przez lata wypracowane zostaty dzigki
temu szczegdtowe standardy postepowania w zakresie immunosupresji, profilaktyki
przeciw infekcyjnej i leczenia nadcisnienia ptucnego. Wczesny okres pooperacyjny
wcigz jednak zwigzany jest z wysokag Smiertelnoscig, utrzymujacg staly poziom w
kolejnych analizowanych przez ISHLT okresach. W dalszym ciggu brakuje rowniez
wystarczajacych danych naukowych, ktére pozwolityby na ujednolicenie strategii

rutynowych pomiaréw parametréw biochemicznych w bezposrednim okresie po HTX,
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co mogtoby skutkowac¢ ulepszeniem standardow opieki pooperacyjnej. Wydaje si¢ to
by¢ szczegbdlnie wazne w obecnej chwili, gdy obserwuje si¢ rozszerzenie kryteriow
akceptacji dawcow, szczegdlnie widoczne w kwestii podwyzszenia wieku dawcy
notowanego w Europie.

Obecnie trwajg juz poszukiwania biochemicznych markerow o wartosci prognostyczne;j
dla przebiegu pooperacyjnego u chorych po zabiegach kardiochirurgicznych, a ocenie
poddawana jest rzeczywista kliniczna przydatno$¢ licznych pomiaréw wykonywanych
w Oddziale Intensywnej Terapii (ang. Intensive Care Unit, ICU) we wczesnym okresie
pooperacyjnym. Analizy te jednak rzadko uwzgledniajag populacje pacjentéw
poddawanych HTX.

W warunkach podstawowych kwas mlekowy jest wytwarzany przez wszystkie tkanki i
ponownie wykorzystywany w niemal statym tempie przez watrobe. Normalnie st¢zenie
mleczanu w plynie pozakomdrkowym wynosi okoto 1 mmol/l. Nadprodukcje, a co za
tym idzie podwyzszony poziom, mozna zaobserwowa¢ podczas niedotlenienia tkanek
w wyniku wstrzagsu i niewydolnosci perfuzji narzagdowej. Potencjalng uzyteczno$¢
pomiaréw mleczanu jako wskaznika nasilenia wstrzasu po raz pierwszy oceniono juz W
1964 r.. Od tego czasu w wielu badaniach przedstawiono dane dotyczace pomiarow
wykonanych w réznych nagtych stanach klinicznych, a z biegiem czasu wartos$ci
punktow odcigcia dla postgpowania terapeutycznego ewoluowaty. Ocena
hiperlaktatemii okazata si¢ przydatna rowniez w predykcji wyniku niektérych zabiegow
kardiochirurgicznych, poniewaz odzwierciedla problem pooperacyjnej hipoperfuzji.

Obecnie dostepne szczegdtowe analizy pooperacyjnych stezen mleczanéw dedykowane



sg jednak populacjom chorych poddawanych innym zabiegom kardiochirurgicznym niz

HTX.

2. Cel

Celem pracy byto przygotowanie kompleksowej analizy cyklicznych oznaczen stezen

anionu kwasu mlekowego w surowicy we wczesnym okresie po HTX.

Cele szczegolowe:

° ocena trendow stezen anionu kwasu mlekowego we wczesnym okresie
pooperacyjnym u pacjentéw po HTX

° ocena zalezno$ci pomigdzy stezeniem anionu kwasu mlekowego we wczesnym
okresie pooperacyjnym a $miertelnoscig okotooperacyjng u pacjentow po HTX

° ocena zaleznoSci pomiedzy stezeniem anionu kwasu mlekowego a
wystegpowaniem niestabilno$ci hemodynamicznej oraz pierwotnej niewydolno$ci graftu
(ang. primary graft dysfunction, PGD) we wczesnym okresie pooperacyjnym u

pacjentow po HTX

3. Material i metodyka

Do retrospektywnej analizy wiaczono 46 kolejnych pacjentdw, u ktérych wykonano

HTX w Klinice Chirurgii Serca, Naczyn i Transplantologii w latach 2010-2015. Dane



dotyczace charakterystyki przedoperacyjnej, przebiegu operacji oraz przebiegu
pooperacyjnego uzyskano na podstawie dostepnej dokumentacji medycznej. Dane
dotyczace odlegtego przezycia uzyskano z Gtéwnego Urzedu Statystycznego.
Wszystkie operacje zostaty wykonane z dostgpu przez sternotomie posrodkowa technikg
biatrialng. Protekcj¢ pobranego narzadu wykonano z uzyciem kardiologii Celsior®.
Znieczulenie ogolne przeprowadzono z wykorzystaniem sufentanylu (0,2 do 0,5 pg/kg),
dozylnego anestetyku (propofol 0,5 do 1 mg/kg lub etomidat 0,2 do 0,4 mg/kg dla
niestabilnych pacjentéw) i niedepolaryzujacego srodka blokujacego przewodnictwo
nerwowo-mig¢sniowe. Gazometria krwi tetniczej (ang. arterial blood gas, ABG) byta
wykonywana przed indukcjg znieczulenia ogolnego, po rozpoczgciu Kkrazenia
pozaustrojowego (ang. cardiopulmonary bypass, CPB), podczas CPB, przed
zakonczeniem oraz po zakonczeniu CPB. Wszystkie nieprawidtowosci metaboliczne
byly na biezgco korygowane. Mechaniczna wentylacja byla prowadzona z
wykorzystaniem wartosci 6-8 ml/kg, przy optymalnych ustawieniach dodatniego
cisnienia koncowo wydechowego i czestosci, aby zapobiec hipoksji, hiperkapnii i
wzrostowi naczyniowego oporu plucnego. W razie potrzeby stosowano wziewny tlenek
azotu. Stan hemodynamiczny byt stale monitorowany i korygowany przy uzyciu
najnizsze] skutecznej dawki dozylnego wlewu $rodka inotropowego lub
wazoaktywnego, gdy bylo to konieczne. Lewosimendan byt rutynowo stosowany u
wszystkich pacjentow w ciggu pierwszych 24 godzin po indukcji znieczulenia (0,1
ng/kg/min) bez dawki nasycajace;.

Postgpowanie pooperacyjne obejmowato ciggte monitorowanie EKG, ciagly inwazyjny

pomiar ciSnienia  tetniczego oraz  okresowe monitorowanie  parametrOw



hemodynamicznych z wykorzystaniem cewnika Swan-Ganza w odstepach co najwyzej
6 godzinnych. Szczegdlowe dane z pomiardw zebrano z okresu pierwszych 48 godzin
po HTX. Uwzgledniono pomiary osrodkowego cisnienia zylnego (ang. central venous
pressure, CVP), skurczowego cisnienia w tetnicy phlucnej (ang. pulmonary artery
systolic pressure, PA), ci$nienia zaklinowania w kapilarach ptucnych (ang. pulmonary
capillary wedge pressure, PCWP), rzutu serca (ang. cardiac output, CO) i wskaznika
sercowego (ang. cardiac index, Cl), wskaznika naczyniowego oporu obwodowego (ang.
systemic vascular resistance index, SVRI) i wskaznika naczyniowego oporu plucnego
(ang. pulmonary vascular resistance index, PVRI). Codziennie wykonywano
echokardiografi¢ przezklatkowa z oceng frakcji wyrzutowej lewej komory (ang. left
ventricle ejection fraction, LVEF).

W ciagu pierwszych 48 godzin wszyscy pacjenci otrzymywali mykofenolan mofetylu,
kortykosteroidy i globuling antytymocytowag w celu indukcji immunosupresji.
Inhibitory kalcyneuryny dodano do dalszych schematow leczenia. W razie potrzeby
stosowano ciggly wlew S$rodkdéw inotropowych lub wazoaktywnych z najmniejsza
skuteczng dawka. Dla kazdego pacjenta indywidualnie wyliczono intrope score za okres
pierwszych 24 godzin i kolejnych 24 godzin po HTX, zgodnie z konsensusem ISHLT
dotyczacym PGD.

Oceng ABG przeprowadzano z niezbedng czestotliwosciag (co 2 — 6 godzin), w
zaleznosci od stanu klinicznego pacjenta. Szczegdlowe dane z pomiarow zebrano z
okresu pierwszych 48 godzin po operacji. Kolejne pomiary poziomu mleczanow
oznaczono jako Lac, z nast¢pujacg liczbg jako punktem czasowym (godzing) obserwacji.

Pomiar przy przyjeciu do ICU zdefiniowano jako wyjsciowe oznaczenie (Lac 0).



Najwyzszy pomiar w ramach obserwacji, niezaleznie od punktu czasowego, zostat
okreslony dla kazdego pacjenta indywidualnie 1 przedstawiony jako wartos$¢ szczytowa
(Peak Value). Prog hiperlaktatemii (>1,6 mmol/l) zostat okre$lony przez gorng wartos¢
zakresu normy stezenia mleczanéw w surowicy (0,5-1,6 mmol/l), na podstawie
wewnetrznej standaryzacji laboratoryjnej analizy ABG.

Poziom kreatyniny (CREA), filtracji ktebuszkowej (GFR), bilirubiny catkowitej (TBIL),
aminotransferazy alaninowej (ALT) i aminotransferazy asparaginianowej (AST)
monitorowano codziennie. GFR zostat automatycznie obliczony przez osrodek analityki
medycznej na podstawie wzoru Modyfikacji Diety w Chorobie Nerek (ang.
Modification of Diet in Renal Disease, MDRD).

Czestos¢ wystepowania 1 nasilenie PGD oceniano zgodnie z konsensusem ISHLT.
Niestabilno$¢ hemodynamiczng zdefiniowano jako wystapienie przynajmniej jednego
epizodu $redniego cisnienia tetniczego (MAP) ponizej 60 mmHg w potaczeniu z
zapotrzebowaniem na wysokie dawki lekow inotropowych 1 wazoaktywnych (inotrope
score > 10) lub konieczno$cig zastosowania zylno-tetniczej pozaustrojowej oksygenacji

membranowej (ang. venoarterial extracorporeal membrane oxygenation, VA-ECMO).

4. Analiza statystyczna i zagadnienia etyczne

4.1 Analiza statystyczna

Analiza statystyczna zgromadzonych danych zostala wykonana przy uzyciu

oprogramowania IBM SPSS Statistics for Windows, Version 25.0 (IBM Corp., NY,
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USA) oraz R Statistical Software (Foundation for Statistical Computing, Vienna,
Austria). Wyniki przedstawiono jako s$rednie z odchyleniem standardowym (SD),
mediany z rozstepem kwartylowym (IQR), czestosci z odsetkiem (%), ilorazy szans (OR)
z 95% przedziatem ufnosci. Do analizy stosowano odpowiednio testy parametryczne
oraz nieparametryczne dla zmiennych niepowigzanych oraz powigzanych (test t-
studenta, test Manna-Whitneya, test Kruskala-Wallisa, test Wilcoxona dla par
obserwacji, test Friedmana). Stosowano rowniez test 2, analize krzywej ROC, analiz¢
obszaru pod krzywa, model regresji logistycznej jedno- i wieloczynnikowej, analize
ANOVA z powtarzanym pomiarem, test log-rank, oraz analiz¢ przezycia Kaplana-

Meiera.

Z analizy statystycznej dotyczacej parametréw hemodynamicznych, przedstawionej w
publikacji Early postoperative hemodynamic instability after heart transplantation -
incidence and metabolic indicators wykluczono 1 pacjenta z uwagi na brak petnych

danych dotyczacych monitorowania hemodynamicznego w analizowanym okresie.
4.2 Zagadnienia etyczne

Badania wykonano w pelnej zgodnosci ze standardami etycznymi Kodeksu Etyki
Lekarskiej oraz Deklaracji Helsifskiej. Na przeprowadzenie badan uzyskano zgode
Komisji Bioetycznej Uniwersytetu Jagiellonskiego w Krakowie o numerze

122.6120.74.2017.
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5.1 “Postoperative hyperlactatemia and serum lactate level trends among heart

transplant recipients.*

Postoperative hyperlactatemia and
serum lactate level trends among heart
transplant recipients

Anna Kedziora', Karol Wierzbicki', Jacek Piatek', Hubert Hymczak’,
Izabela Gorkiewicz-Kot', Irena Milaniak'”, Paulina Tomsia', Dorota Sobczyk®,
Rafal Drwila* and Boguslaw Kapelak'

! Department of Cardiovascular Surgery and Transplantology, John Paul II Hospital, Institute of Cardiology,
Jagiellonian University Medical College, Krakow, Poland

2 Department of Anesthesiology and Intensive Care, John Paul I Hospital, Krakow, Poland

* Wydziat Lekarski i Nauk o Zdrowiu, Krakowska Akademia im. Andrzeja Frycza-Modrzewskiego, Krakow,
Polska

* Department of Cardiac and Vascular Diseases, John Paul 11 Hospital Institute of Cardiology, Jagiellonian
University Medical College, Krakow, Poland

ABSTRACT

Background. Advanced heart failure (HF), that affects 10% of the HF population,
is associated with high mortality rate, meeting 50% at 1-year from diagnosis. For
these individuals, heart transplantation (HTX) remains the ultimate and the gold-
standard treatment option. Serum lactate level measurements has been proven useful
for determining the outcome following other cardiac surgeries and among critically
ill patients. Increased serum lactate levels are expected following HTX; however, no
detailed analysis has been yet performed in this population. The research aims to
estimate the prevalence of hyperlactatemia and describe early postoperative serum
lactate level trends among heart transplant recipients.

Materials and Methods. Forty-six consecutive patients, who underwent HTX between
2010 and 2015, were enrolled into the retrospective analysis. Serum lactate level
measurements within first 48 hours post-HTX were obtained every 6 hours from
routinely conducted arterial blood gas analyses. The threshold for hyperlactatemia was
considered at >1.6 mmol/L, according to upper limit of normal, based on internal
laboratory standardization. The highest observed measurement within the observation,
regardless of the time point of observation was determined for each patient individually
and was appointed as Peak Value.

Results. Consecutively measured serum lactate levels differed in time (p = 0.000), with
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the initial increase and subsequent decrease of the values (4.3 vs. 1.9 mmol/L; p = 0.000).
The increase from the baseline level to the Peak Value was statistically significant (4.3 vs.
7.0 mmol/l; p=0.000). Various serum lactate level trends were identified, with one or
more hyperlactatemia episodes. Eventually, 50% of the individuals had normal serum
lactate levels at the end of the study, and hyperlactatemia was observed in the other
half.

Conclusions. Throughout the observation, all of the patients experienced at least one
episode of hyperlactatemia, with the median Peak Value of 7.0 (4.5-8.4) mmol/L.
Various serum lactate level trends can be identified in post-HTX patients. Further
research is required to determine the clinical usefulness of newly reported serum lactate
level trends among heart transplant recipients.

How to cite this article Kedziora A, Wierzbicki K, Piatek J, Hymczak H, Gérkiewicz-Kot I, Milaniak I, Tomsia P, Sobczyk D, Drwila
R, Kapelak B. 2020. Postoperative hyperlactatemia and serum lactate level trends among heart transplant recipients. Peer] 8:¢8334
http://doi.org/10.7717/peer].8334
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INTRODUCTION

Heart failure (HF), with the current prevalence of 2.5%, is a major public health problem
associated with significant hospital admission rates, mortality, and health care costs
(Benjamin et al., 2017). The age-adjusted rate for heart failure-related deaths has been
steadily increasing since 2012, reaching 84.0 deaths per 100,000 standard population in
2014 (Ni ¢ Xu, 2015). Advanced HF, that affects 10% of the HF patients, is associated
with even higher mortality rate, meeting 50% at 1-year from diagnosis (Lund, 2018).
For these individuals, heart transplantation (HTX) remains the ultimate and the gold-
standard treatment option (Ponikowski et al., 2016). Nevertheless, despite the total of
approximately 5,000 HTX performed worldwide annually (Khush et al., 2018), there is
still a gap in scientific evidence in terms of early postoperative management for heart
transplant recipients. The immunosuppression, anti-infective prophylaxis, and pulmonary
hypertension treatment have been widely discussed in this group of patients (Costanzo et al.,
2010), however, only few postoperative biochemical measurements have been thoroughly
analyzed so far (Wierzbicki et al., 2014; Madershahian et al., 2008).

Under basal conditions, the lactate is produced by all tissues and reutilized at a nearly
constant rate by the liver. Normally, lactate concentration in the extracellular fluid is about
one mmol/l. The diagnostic lower and upper limits of normal slightly vary (from 0.3 to 2.0
mmol/l) according to the specimen (arterial or venous blood) and method used (Toffaletti,
1991). The overproduction and, therefore, increased levels can be observed during tissue
oxygen deficiency as a result of the circulatory shock and perfusion failure (Adeva-Andany
et al., 2014). The potential usefulness of lactate measurements as an indicator of the
shock severity has been has been first evaluated in 1964 (Broder ¢ Weil, 1964). Since then,
numerous studies have reported data for measurements taken in various acute clinical
settings and, throughout time, cut-off values for therapeutic management have evolved
(Zhou et al., 2017).

Similarly, hyperlactatemia assessment has been proven useful in determining the
outcome in some cardiosurgical procedures, as it reflects the problem of postoperative
hypoperfusion (Hajjar et al., 2013; Andersen et al., 2015; Lopez-Delgado et al., 2015).
Following HTX, increased serum lactate levels are expected, as prolonged cardiopulmonary
bypass (CPB) time and compromised hemodynamic function within early postoperative
hours are commonly observed. However, postoperative serum lactate level trends and
clinical usefulness of lactate measurements have never been analyzed before among post-
HTX patients. Moreover, currently available guidelines for the care of heart transplant
recipients are mostly based on the consensus of opinion of the experts (level of evidence
C) (Costanzo et al., 2010), which indicates the gap in scientific evidence.

Kedziora et al. (2020), PeerJ, DOI 10.7717/peerj.8334 211
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Table 1 Baseline characteristics. Data shown as mean + SD or as median (IQR), or number (percent-

age).

Variable Analyzed
population;
n=46

Age, years 48.7 £ 11.7

Male sex, n(%) 41 (89.1)

Dilated cardiomyopathy, (%) 34 (73.9)

Ischemic cardiomyopathy, 1(%) 12 (26.1)

Dyslipidemia, n(%) 16 (34.8)

Hypertension, n(%) 21 (45.7)

Diabetes, n(%) 12 (26.1)

Therefore, the presented research aims to estimate the actual prevalence of
hyperlactatemia and describe early postoperative serum lactate level trends among heart
transplant recipients.

MATERIAL AND METHODS

Forty-six consecutive patients, who underwent HTX in the Department of Cardiovascular
Surgery and Transplantology between 2010 and 2015, were enrolled into the retrospective
analysis. Serum lactate level measurements within first 48 h post-HTX were obtained from
arterial blood gas (ABG) analyses, that were routinely conducted every 6 h. The mean age
of the study group was 48.7 £ 11.7 years. The majority of the patients were males (89.1%)
and were qualified for HTX due to dilated cardiomyopathy (73.9%) (Table 1).

Consecutive serum lactate level measurements, that were taken every 6 h, were appointed
as Lac, with the following number as the time point (hour) of observation. The baseline
measurement was defined as the observation taken at Intensive Care Unit (ICU) admission
(Lac 0). The end of the study measurement was defined as the observation taken at the
48th hour post-HTX (Lac 48). The highest observed measurement within the observation,
regardless of the time point of observation was determined for each patient individually
and was presented as the Peak Value. The threshold for hyperlactatemia (>1.6 mmol/L)
was defined by the upper limit value of the normal range for serum lactate concentration
(0.5-1.6 mmol/l), based on internal laboratory standardization for ABG analysis. ABG
analysis was performed with an automated electrode analyzer (Arterial Blood Gases-Clinical
Methods-NCBI Bookshelf, 0000).

The study obtained the Jagiellonian University Bioethics Committee approval
(122.6120.74.2017). According to the approval, verbal consent was obtained from all
living patients.

Statistical analysis

Statistical analysis was performed with IBM® SPSS® Statistics 25. Normal distribution
was tested using the Shapiro—Wilk test. Continuous variables are presented as means and
standard deviation (£SD) or medians and interquartile ranges (IQR). For categorical
variables, numbers and proportions are reported. Non-parametric tests for independent

Kedziora et al. (2020), PeerJ, DOI 10.7717/peer].8334 3/11
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Figure 1 Serum lactate level trends within 48 hours observation. Serum lactate level distributions differ
in time: x%(2) = 169.1; p = 0.000; Friedman test. Serum lactate level medians differ between baseline (Lac
0) and end of the study (Lac 48): p = 0.000; Wilcoxon signed-rank test. Serum lactate level medians differ
between baseline (Lac 0) and peak time point (Peak Value): p = 0.000; Wilcoxon signed-rank test Data for
serum lactate levels are presented as medians (IQR). Lac X—consecutive serum lactate measurements with
the following number as the time point (hour) of observation. Peak Value—the highest observed serum
lactate level within the observation, regardless of the time point.

Full-size &) DOI: 10.7717/peer;j.8334/fig-1

(Kruskal-Wallis test) or dependent samples (Wilcoxon signed-rank test, Friedman test),
where appropriate, were calculated to determine the differences between observations.

RESULTS

The values of the consecutive serum lactate level measurements differed in time (p = 0.000;
Friedman test) and initial increase with subsequent decrease throughout the study was
observed. The increase from the baseline level (Lac 0) to the highest observed value (Peak
Value) was statistically significant (p = 0.000; Wilcoxon signed-rank test), and similarly
was the decrease throughout the observation (from Lac 0 to Lac 48; p = 0.000; Wilcoxon
signed-rank test) (Fig. 1).

In the detailed analysis, various serum lactate level trends were identified. In the majority
of the patients (63%) serum lactate level normalization was achieved, however, one-third
(33%) of the study group experienced sequent episode of hyperlactatemia after first
normalization. Eventually, 50% of the individuals had normal serum lactate levels at the
end of the study (Lac 48), and hyperlactatemia was observed in the other half (Fig. 2).

Further calculations determined the association between the baseline serum lactate
level (Lac 0 as normal or hyperlactatemia or peak lactates) and the highest observed serum
lactate level (Peak Value) (p = 0.06; Kruskal-Wallis test; Fig. 3). No such association was
found for the end of the study serum lactate level (Lac 48 as normal or hyperlactatemia)
(p =0.263; Kruskal-Wallis test; Fig. 4).
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Figure 2 Study flow chart. Data for time intervals and serum lactate levels are presented as medians
(IQR). The number of patients at each point is followed by the % based on the total number of patients in
the study. Lac X —consecutive serum lactate measurements with the following number as the time point
(hour) of observation. Peak Value—the highest observed serum lactate level within the observation, re-
gardless of the time point.

Full-size &) DOT: 10.7717/peer;j.8334/fig-2

DISCUSSION

Under anaerobic conditions, cellular metabolism converts pyruvate to lactate. Therefore,
serum lactate levels relate to the oxygen debt and correspond with the severity of tissue
hypoperfusion (Adeva-Andany et al., 2014; Hoshino, Kinoshita ¢ Ono, 2018). The normal
plasma lactate concentration for ABG is reported from 0.3 to 1.6 mmol/L (Broder ¢» Weil,
1964), whereas lactic acidosis is generally defined with a threshold of greater than four
mmol/L, even in the absence of overt acidemia. Type A lactic acidosis, that is considered
to be a medical emergency and is associated with poor prognosis when left untreated, is
usually caused by significant tissue hypoperfusion (Andersen et al., 2013).

Hyperlactatemia is a common phenomenon following cardiac surgeries, as it can result
from not only hypoxic but also nonhypoxic causes such as drug therapy, cardioplegia,
hypothermia, and CPB. Previous studies among cardiosurgical patients, comparing
survivors vs. non-survivors, have indicated that that higher lactate levels upon ICU
admission (2-3 mmol/l), or within early postoperative hours (3—4 mmol/l), are associated
with increased perioperative risk and prolonged hospital stay (Hajjar et al., 2013; Lopez-
Delgado et al., 2015; Andersen et al., 2015).

Nevertheless, to date only two studies, concerning the issue of postoperative
hyperlactatemia among heart transplant recipients have been published. Both of the
researches were single center studies that evaluated solely whether the patient has reached
the threshold, set by the authors, at any time point throughout the observation. The
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Figure 3 Serum lactate level trends within 48 hours observation by baseline serum lactate level. Base-
line (Lac 0) serum lactate level distributions differ among the groups: p = 0.000; Kruskal-Wallis test. Peak
(Peak Value) serum lactate level distributions differ among the groups: p = 0.06; Kruskal-Wallis test. Data
for serum lactate levels are presented as medians (IQR). Lac X—consecutive serum lactate measurements
with the following number as the time point (hour) of observation. Peak Value—the highest observed
serum lactate level within the observation, regardless of the time point.

Full-size G DOI: 10.7717/peerj.8334/fig-3

extreme hyperlactatemia was defined by Hsu et al. as the serum lactate level greater than
15 mmol/L and occurred in 3 patients at the ICU admission and in 9 others within early
postoperative hours (12/58 patients). In spite of the further serum lactate level decrease
below four mmol/L, one-third of the analyzed hyperlactatemia subgroup deceased within
the hospitalization, and the others within nearly 5 years post-HTX (Hsu et al., 2015). In
another study, the cut-off level of four mmol/L was set according to the guidelines for severe
sepsis and septic shock treatment. Based on this estimation, elevated serum lactate levels
were observed among 59.2% of post-HTX patients, with higher occurrence of postoperative
pulmonary complications within this subgroup. As no in-hospital deaths were reported,
no testing was performed to determine the impact on early mortality (Hoshino, Kinoshita
& Ono, 2018). Nevertheless, the detailed exploration of the cut-off value, appointed by
the upper limit of normal for serum lactate concentration, has never been presented in
post-HTX patients before.

In the presented research, hyperlactatemia was considered with the of >1.6 mmol/l,
same as it is for other cardiac surgeries and non-surgical patients in our center. Despite
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MEDIAN SERUM LACTATE LEVELS WITHIN 48 HOURS OBSERVATION
BY END OF THE STUDY SERUM LACTATE LEVEL
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Figure 4 Serum lactate level trends within 48 hours observation by end of the study serum lactate
level. End of the study (Lac 48) serum lactate level distributions differ among the groups: p = 0.000;
Kruskal-Wallis test. Data for serum lactate levels are presented as medians (IQR). Lac X —consecutive
serum lactate measurements with the following number as the time point (hour) of observation. Peak
Value—the highest observed serum lactate level within the observation, regardless of the time point.
Full-size &) DOI: 10.7717/peerj.8334/fig-4

the initially emerging pattern with early peak of the lactate values, that was similar to
other post-HTX lactate analyses (Hsu et al., 2015; Hoshino, Kinoshita & Ono, 2018), more
detailed evaluation revealed various serum lactate level trends. The interpretation of
the initial results indicates the increase to the highest serum lactate level within first 6
postoperative hours with subsequent gradual decrease (Fig. 1). However, close case-by-
case investigation provided more rigorous outcome, showing differences in the number of
hyperlactatemia episodes and time intervals in between (Fig. 2).

Serum lactate level trends significantly differed between subgroups assigned based on
the baseline serum lactate level (Lac 0 as normal or hyperlactatemia or peak lactates). The
highest observed measurement (Peak Value) varied between the subgroups. Although
the lowest Peak Value was seen in the normal group, two serum lactate level spikes can
be identified (12th and 30th hour of observation). Based on the metadata, in half of
these patients Peak Value was noted at 12th hour post-surgery, and in the other half later
within observation. Moreover, one-third of these individuals actually experienced sequent
hyperlactatemia episode (Fig. 3). On the other hand, patients who entered the study with
their highest serum lactate levels (Lac 0 as peak lactates), completed the analysis with
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lowest values after a considerable curve slope within first 12 h of observation (Fig. 3).
Similar curve slope difference was noted among the subgroups assigned by the 48th hour
measurement (Lac 48 as normal or hyperlactatemia), however, this trend changed at 18th
hour of observation, resulting in elevated serum lactate levels at the end of the study in the
hyperlactatemia subgroup (Fig. 4).

The planned extension of this study includes the search for pre- and intraoperative
factors determining various serum lactate level trends, as well as for the association
between various serum lactate level trends and the postoperative management and course,
with the special focus on the hemodynamic function of the transplanted heart.

CONCLUSIONS

Throughout the observation, all of the patients experienced at least one episode of
hyperlactatemia, with the median peak value of 7.0 (4.5-8.4) mmol/L. Various serum
lactate level trends can be identified in post-HTX patients, with the greatest differences in
terms of the ICU admission measurement, and the highest observed value. Further research
is required to determine the clinical usefulness of newly reported serum lactate level trends
among heart transplant recipients.
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Background: Hyperlactatemia is a common phenomenon following cardiac surgeries and is associated with prolonged ICU
stay and higher morbidity and mortality rates, but such analyses have never focused on patients undergoing
heart transplantation (HTX), in whom hyperlactatemia defined with the traditional threshold is observed in
nearly every individual. The present study aimed to assess the prognostic value and clinical usefulness of post-
operative serum lactate level measurements for in-hospital mortality prediction following HTX.

Material/Methods: Forty-six consecutive patients who underwent HTX in the Department of Cardiovascular Surgery and Transplantology
between 2010 and 2015 were enrolled into a retrospective analysis. Serum lactate level measurements with-
in the first 48 h after HTX were obtained from arterial blood gas analyses, that were routinely conducted ev-
ery 6 h. Lactate clearance was determined for each patient individually throughout 3 different time frames: the
first 24-h (Lac clear 0-24) and second 24-h period (Lac clear 24-48), and the first 48 h after surgery (Lac clear
0-48).

Results: The ICU admission serum lactate levels differed between the deceased and survivors (7.6 vs. 4.3 mmol/L;
p=0.000). Among all tested postoperative lactate level measurements, only the measurement taken upon ICU
admission predicted in-hospital mortality (OR 1.94 95% Cl [1.09-3.43]; p=0.024). The receiving operating char-
acteristic (ROC) curve for in-hospital mortality was constructed for ICU admission measurement, with the op-
timal cut-off point estimated at 7.0 mmol/L.

Conclusions: Serum lactate level measurement upon ICU admission can be used as a predictive parameter for in-hospital
mortality among heart transplant recipients. Values greater than 7.0 mmol/L can predict in-hospital mortality
with 90% accuracy.
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Background

Hyperlactatemia is a common phenomenon following cardiac
surgeries. Although it is frequently used as a marker of observed
tissue hypoxia, lactate metabolism during the perioperative pe-
riod is complex and dynamic. Early-onset hyperlactatemia is
defined as developing in the operating room or very early fol-
lowing Intensive Care Unit (ICU) admission and it usually does
not spontaneously resolve within 24 h after surgery. De novo
hyperlactatemia, which is not present up to 6 h following ICU
admission, is accompanied by normal cardiac output and ab-
sence of impaired tissue oxygen delivery and is observed in
approximately 15-20% of cardiosurgical patients [1]. Previous
studies, comparing survivors vs. non-survivors following non-
transplant cardiac surgeries, have indicated that higher lactate
levels upon ICU admission (2-3 mmol/l), or within early post-
operative hours (3—4 mmol/l), are associated with increased
perioperative risk and prolonged hospital stay [2-5].

Nevertheless, such analysis, which would define the thresh-
old for increased postoperative risk of major complications,
has never been performed in patients undergoing heart trans-
plantation (HTX). Among these individuals, higher postoper-
ative levels are expected, as end-organ hypoperfusion, need
for inotropic and vasopressor support, and low cardiac output
syndrome are commonly observed, and results from studies of
other cardiac surgeries may not be comparable.

Therefore, this study aimed to assess the prognostic value and

clinical usefulness of postoperative serum lactate level mea-
surements for in-hospital mortality prediction following HTX.

Material and Methods

Forty-six consecutive patients who underwent HTX in the
Department of Cardiovascular Surgery and Transplantology
between 2010 and 2015 were enrolled into this retrospec-
tive analysis. All patients who underwent HTX within the an-
alyzed period were included into the analysis. The majority
of the study group were males (89.1%), with a mean age of
48.7+11.7 years, and were qualified for HTX due to dilated
cardiomyopathy (73.9%) (Table 1). Serum lactate level mea-
surements within the first 48 h after HTX were obtained from
arterial blood gas analyses routinely assessed every 6 h. The ob-
servation made upon ICU admission was defined as the zero
serum lactate measurement (Lac 0). Lactate clearance was cal-
culated based on the equation: ([lactate, . ~lactate iy JJNac-
tate, . x100) [6], and was determined for each patient individ-
ually throughout 3 different time frames: the first 24-h period
(Lac,,,, 0-24) and the second 24-h period (Lac,,, 24-48), and
the first 48 h after surgery (Lac, 0-48). The threshold for

clear

hyperlactatemia was set at >1.6 mmol/L, based on internal

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Kedziora A. et al.:
Hyperlactatemia for prediction of in-hospital mortality following HTX
© Ann Transplant, 2020; 25: €920288

Table 1. Baseline characteristics.

Variable Analyze::| :::ulatlon,

Age, years 48.7+11.7

W 4 1 (89.1)
Dilated cardiomyopathy, n (%) 34 (73.9)
Ischemic cardiomyopathy, n (%) 12 (26.1)
Dyslipidemia, n (%) 16 (34.8)

‘--.;|ypertension, n (%) n @7

Diabetes, n (%) 12 (26.1)

Data shown as mean+SD or as median (IQR), or number
(percentage).

laboratory standardization. The end-point was determined as
death during hospitalization following HTX.

The study was approved by the Jagiellonian University Bioethics
Committee (122.6120.74.2017). Verbal consent was obtained
from all living patients. The study was funded by a grant from
Jagiellonian University Medical College (K/ZDS/007226).

Statistical analysis

Statistical analysis was performed with IBM® SPSS® Statistics
25. Normality of data distribution was tested using the Shapiro-
Wilk test. Continuous variables are presented as means and
standard deviation (+SD) or medians and interquartile rang-
es (IQR). For categorical variables, numbers and proportions
are reported. The non-parametric test for independent sam-
ples (Mann-Whitney U test) was used to assess differences be-
tween groups. Univariate regression analysis followed by multi-
variate regression were performed to explore the relationship
between various serum lactate measurements and in-hospi-
tal mortality. All available serum lactate level measurements
were included into the univariate analysis. Receiver operating
characteristic (ROC) curves and respective areas under the ROC
curves (AUC) were constructed to identify the optimal mark-
er and cut-off value.

Results

The ICU admission serum lactate level (Lac 0) differed between
the deceased and survivors (7.6 vs. 4.3 mmol/L; p=0.000), with
no differences observed in the lactate clearance parameters
throughout the observation (Figure 1). In the multivariate re-
gression model, from all analyzed lactate parameters, only
the ICU admission serum lactate level (Lac 0) independently
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Median ICU admission serum lactate level (Lac o) by death
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E 6.00 — Data for serum lactate levels are presented as medians (IQR)
s Lac 0— upon ICU admission serum lactate measurement
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=
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Figure 1. ICU admission serum lactate level (Lac 0) by in-hospital death.
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Figure 2. Selected postoperative lactate level measurements
for in-hospital mortality prediction. A mutli-variate
regression model.

predicted in-hospital mortality (OR 1.94 95% Cl [1.09-3.43];
p=0.024) (Figure 2). The ROC for in-hospital mortality was con-
structed for the ICU admission serum lactate level (Lac 0), and
the optimal cut-off value was estimated to be 7.0 mmol/L (67%
sensitivity, 90% specificity) (Figure 3).

Discussion

Early-onset hyperlactatemia is strongly associated with post-
operative adverse events, presumably due to the complex
pathogenesis, which combines hypoxic (circulatory or micro-
circulatory shock) and non-hypoxic (accelerated aerobic metab-
olism) mechanisms [1]. Because it reflects the status of tissue

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)
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Figure 3. Receiver operating characteristic (ROC) curve for
prediction of in-hospital mortality.

perfusion, it is used to predict early outcome in terms of mor-
tality, morbidity, and ICU length of stay following cardiosurgi-
cal procedures [2-5].

Nevertheless, adapting thresholds for serum lactate levels cor-
responding with higher postoperative risk, established for other
cardiac surgeries, will not be clinically efficient, as serum lac-
tate levels observed early after HTX are higher, even among the
survivors (Figure 1). However, to date, only 2 studies on post-
operative hyperlactatemia among heart transplant recipients
have been published. Extreme hyperlactatemia was defined
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by Hsu et al. as the serum lactate level over 15 mmol/L and
was reported to have a prevalence rate of 20.7% in patients
after HTX. Despite the further serum lactate level decrease
below 4 mmol/L, all patients died either while in the hospi-
tal (33.3%) or within 5 years after HTX (66.6%) [7]. In another
study, the cut-off level for postoperative hyperlactatemia was
set according to the guidelines for severe sepsis and septic
shock treatment (4 mmol/L). Based on this estimation, post-
operative hyperlactatemia was observed among two-thirds
of the recipients, but no in-hospital deaths were reported [8].
Both of these studies only evaluated the fact of reaching the
predefined threshold, which had never previously been de-
fined for heart transplant recipients. Based on the present
study, which sought to define the threshold, the cut-off val-
ue of 7 mmol/L should be considered relevant for in-hospital
mortality prediction (Figure 3).

Although single serum lactate concentration is potentially use-
ful, it does not contain directional information about the pa-
tient's improvement or deterioration. Sequential serum lactate
level measurements, which have been assessed for patients
undergoing coronary artery bypass-grafting, mitral valve sur-
gery, or Norwood procedure, showed that high lactate con-
centration is associated with inability to clear blood lactate
levels, and have highest predictive value for adverse out-
come [9-11]. However, among heart transplant recipients, no
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such association was found for lactate utilization ability and,
unlike other cardiosurgical populations, hyperlactatemia was
not combined with low lactate clearance values (Figure 1).
Although metabolic pathways that provide lactate resolution
are widely described in the literature [1], there is still limited
knowledge regarding clinical features that might alter individ-
ual ability to clear serum lactate.

The greatest study limitation is the small sample size, which
did not allow us to test the applicability of the estimated cut-
off value. However, we believe that setting a threshold to be
tested and further investigated by other researchers will al-
low such data to be produced in the future.

Conclusions

Serum lactate level measurement upon ICU admission can be
used as a predictive parameter for in-hospital mortality among
heart transplant recipients. Values greater than 7.0 mmol/L can
determine in-hospital mortality with 90% specificity.
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| Abstract

Background: Primary graft dysfunction (PGD) is the main cause of death in the first 30days after heart transplanta-
tion (HTX), accounting for approximately 40% of mortality. The study's primary aim was to assess the incidence of
PGD, following the International Society for Heart and Lung Transplantation consensus, and to compare it with the
incidence of significant postoperative hypotension despite administration of high-dose inotropes and vasocon-
strictors. The secondary aim of the study was to determine changes in biochemical markers that accompany the
phenomenon.

Methods: Forty-five patients who underwent HTX between 2010 and 2015 were enrolled in this study, and detailed
hemodynamic and metabolic data from the first 48 postoperative hours were collected and analyzed. Hemodynamic
instability was defined as significant postoperative hypotension (mean arterial pressure (MAP) < 60 mmHg) combined
with a high inotrope score (> 10). Data for long-term mortality were obtained from the population registration office.

Results: PGD incidence was relatively low (17.8%); however, hemodynamic instability was common (40%). Among
unstable patients, MAP was insufficient for end-organ perfusion (51.4 £ 9.5 mmHg) but no decrease in left ventricular
function was observed (cardiac index, 2.65 £ 0.6 [/min/m2; left ventricular ejection fraction, 52.9 £ 15.5%). Within this
group, mean systemic vascular resistance index (961 & 288 dyn*s*m2/cm5) was low despite receiving high doses of
vasoactive agent (norepinephrine 0.21 (0.06-0.27) pug/kg/min during first 24 h postoperatively and 0.21 (0.01-0.27) pg/
kg/min during next 24 h postoperatively). After HTX, serum lactate levels were initially significantly higher in patients
with hemodynamic instability (p = 0.002); however, impaired lactate clearance was not observed (p=0.366), and
lactate levels normalized within the first 24 h postoperatively. Postoperative hemodynamic instability altered the long-
term outcome and increased 5-year mortality after HTX (p=0.034).

Conclusions: Hemodynamic instability is a more common phenomenon than PGD. Only early postoperative serum
lactate levels correspond with hemodynamic instability following HTX. Postoperative hemodynamic instability is
associated with poor long-term survival among HTX recipients.

Keywords: Heart transplantation, Primary graft failure, Hemodynamic instability, Serum lactate, Vasoplegia, Inotrope
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are currently implanted worldwide as a destination
therapy in over 70% of cases with excellent 3-year sur-
vival for centrifugal flow devices with full magnetic
levitation [1]. However, in accordance with the current
European Society of Cardiology (ESC) guidelines, heart
transplantation (HTX) remains the gold standard treat-
ment option that significantly improves survival, exer-
cise capacity, and quality of life [2]. Apart from donor
shortage, the early postoperative period remains the
most challenging, with the highest mortality rate of
10-15%, steady throughout all transplant eras [3].

Primary graft dysfunction (PGD) is the main cause
of death in the first 30 days after HTX, accounting for
approximately 40% of mortality [3]. PGD incidence
significantly varies across studies (from 2.3 to 28.2%),
which represents a wide range of applied definitions,
even after the International Society for Heart and Lung
Transplantation (ISHLT) consensus was introduced
in 2014 [4]. The consensus streamlined the diagno-
sis of a rigorously defined impaired cardiac function
and the extent of inotrope and mechanical support to
be required within 24h of completion of surgery [4].
Since then, only a few papers have focused on the accu-
rately reported incidence for PGD [5-7]. Nevertheless,
the initial authors hypothesis was that postoperative
hemodynamic complications may be a more common
phenomenon that PGD. Therefore, the primary aim of
the study was to assess the incidence of PGD in accord-
ance with the ISHLT consensus and to compare it with
the incidence of significant postoperative hypoten-
sion despite administration of high-dose inotropes and
vasoconstrictors within the same sample.

The reported outcomes of severe PGD cases were
usually fatal, and the most common autopsy findings
included reperfusion injury, ischemia, and myocyte
necrosis [4]. Serum lactate levels are an indicator of
tissue ischemia in many clinical settings [8]. However,
postoperative hyperlactatemia is commonly observed
after HTX, and levels >4mmol/L were reported in
59.2% of recipients in one study [9]. Based on our pre-
vious findings, serum lactate levels taken immediately
after HTX can be used to predict in-hospital mortality
[10, 11]. On the other hand, another study showed that
extremely high lactate levels (severe hyperlactatemia
defined by the authors as >15mmol/L) at any time of
hospitalization was associated with fatal outcomes [12].
Nevertheless, a comprehensive analysis of postopera-
tive serum lactate levels and hemodynamic function in
HTX recipients is still lacking. Therefore, the second-
ary aim of the study was to determine the association
between lactate levels and other routinely measured
biochemical markers with hemodynamic parameters
within early period after HTX.

Page 2 of 9

Material and methods

Forty-five patients who underwent HTX in the Depart-
ment of Cardiovascular Surgery and Transplantology
between 2010 and 2015 were enrolled in this retrospec-
tive study (Table 1). None of the patients were supported
with LVAD prior to HTX. Detailed data were retrieved
from medical records for the first 48h after HTX. Data
for long-term mortality were obtained from the popula-
tion registration office.

PGD incidence and severity were assessed in accord-
ance with the ISHLT consensus [4]. Hemodynamic
instability was defined as any episode of mean arterial
pressure (MAP) below 60mmHg [8] combined with
high-dose inotropes and vasoconstrictors requirement
(inotrope score>10) [4] or need for venoarterial extra-
corporeal membrane oxygenation (VA-ECMO).

Intraoperative management

All surgeries were performed via median sternotomy
using the biatrial technique. All recovered hearts were
protected with crystalloid cardioplegia (Celsior®), as
described previously [9]. Sufentanil (0.2 to 0.5pg/kg)
was administered for general anesthesia, followed by an
induction agent (propofol 0.5 to 1 mg/kg or etomidate 0.2
to 0.4mg/kg for unstable patients), and a non-depolar-
izing neuromuscular blocking agent. Arterial blood gas
(ABG) analysis (including hemoglobin level, serum glu-
cose, serum lactate, and serum potassium analyses) was
performed before induction of general anesthesia, after
initiation of cardiopulmonary bypass (CPB), during CPB,
before weaning CPB, and after CPB. All metabolic abnor-
malities were corrected. Protective mechanical venti-
lation was carried out with 6-8 mL/kg predicted body
weight with the optimal settings of positive end-expira-
tory pressure and rate to prevent hypoxia, hypercarbia,
and increase in pulmonary vascular resistance. Inhaled
nitric oxide was used if necessary. The hemodynamic sta-
tus was continuously monitored and corrected with the
lowest effective dose of intravenous inotropic or vasoac-
tive agent infusion when necessary. Levosimendan was
routinely used for all patients in the first 24 h after induc-
tion of anesthesia (0.1 pg/kg/min) without a loading dose.

Postoperative management

Postoperative management included continuous ECG
and invasive arterial blood pressure monitoring for sys-
tolic blood pressure, diastolic blood pressure, and MAP.
A Swan-Ganz catheter was used for detailed hemody-
namic measurements, including central venous pres-
sure (CVP), pulmonary artery systolic pressure (PA),
pulmonary capillary wedge pressure (PCWP), cardiac
output (CO) and cardiac index (CI), systemic vascu-
lar resistance index (SVRI), and pulmonary vascular
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Table 1 Baseline patients characteristic
ALL HTX RECIPIENTS WITH HEMODYNAMIC WITHOUT HEMODYNAMIC p-value
INSTABILITY INSTABILITY
n=45 n=18 n=27
Demography
Sex 1.000
Female 4(8389) 20110 2(741)
Male 41 (91.1) 16 (88.9) 25(92.6)
Age, years 485(11.7) 5120120 46.7 (11.5) 0215
BMI, kg/m? 256(4.11) 279(361) 243(3.83) 0009
Hiperlipidemia 15(33.3) 6(33.3) 9(333) 1.000
Diabetes 11 (24.4) 7(389) 4(14.8) 0.086
Cardiomyopathy 0.732
Dilated 34(75.6) 13(72.2) 21(778)
Ischemic 11 (24.4) 5(27.8) 61(22.2)
Preoperative parameters
Urgent HTX 36 (80.0) 13(72.2) 23(85.2) 0449
iv DB? 33(733) 11 (61.1) 22(81.5) 0.175
iv inotropic agisntsb 11 (24.4) 6(33.3) 5(18.5) 0304
AST, U/L 29.0(223) 23.6 (9.96) 324(27.0) 0.132
ALT, U/L 32.1(333) 27.2(20.1) 352 (39.6) 0382
TBIL, pmol/L 13.2 (8.86) 12.8(7.59) 134 (9.75) 0833
CREA, umol/L 97.7 (29.1) 114 (32.1) 87.1(214) 0005
GFR, mL/min/1.73m? 77.7 (20.5) 65.6(18.3) 85.8(17.9 0.001

Number (%), mean (SD) are presented

AST aspartate aminotransferase, ALT alanine aminotransferase, TBIL total bilirubin,

2 pretransplant continuous intravenous dobutamine infusion

CREA creatinine, GFR glomerular filtration rate

® pretransplant continuous intravenous inotropic agents infusion (other than dobutamine)

resistance index (PVRI). Detailed data were obtained
every 6h (Table 2). Transthoracic echocardiogra-
phy (TTE) with left ventricle ejection fraction (LVEF)
assessment was performed daily. Within the first 48h,
all patients received mycophenolate mofetil, corticos-
teroids, and anti-thymocyte globulin for immunosup-
pression induction. Calcineurin inhibitors were added
in further treatment schemes. Continuous infusion of
inotropic or vasoactive agents was used when necessary
with the lowest effective dose and data were collected
daily (Table 2). The inotrope score was established daily
and calculations were made in accordance with the
ISHLT consensus on PGD [4].

ABG analysis was conducted at the necessary fre-
quency (every 2 — 6h), based on the patient’s clini-
cal condition. Detailed data were obtained every 6h in
accordance with the established protocol [10]. Creatinine
(CREA), glomerular filtration rate (GFR), total bilirubin
(TBIL), alanine aminotransferase (ALT), and aspartate
aminotransferase (AST) levels were monitored daily.
GFR was automatically calculated by the medical analyt-
ics facility based on Modification of Diet in Renal Disease
(MDRD) equation.

Statistical analysis

Statistical analysis was performed using the R Statistical
Software (Foundation for Statistical Computing, Vienna,
Austria). Normal distribution was tested using the Sha-
piro-Wilk test. Continuous variables are presented as
means and standard deviations (+SD) or medians and
quartiles (Q1-Q3). For categorical variables, numbers
and proportions were reported. Parametric and non-
parametric tests, when appropriate, were used for either
independent samples or repeated measurements. McNe-
mar’s test was used to determine the difference between
PGD and hemodynamic instability incidence. Repeated
measures ANOVA and area under the curve analysis
were used for comparison of biochemical measurements
between groups. Univariate survival analysis for remod-
eling function was performed using Kaplan—-Meier sur-
vival plots and log rank tests.

Results

PGD was identified in 8 (17.8%) cases and mostly
involved the left ventricle (6 patients, 13.3%). In two cases
(4.4%) PGD was severe and patients required VA-ECMO
support. Hemodynamic instability was more common
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Table 2 Hemodynamic parameters and inotropic and vasoactive agents requirement from first 48 h after HTX

ALL HTX RECIPIENTS

WITH HEMODYNAMIC WITHOUT HEMODYNAMIC p-value

INSTABILITY INSTABILITY
N=45 N=18 N=27
Hemodynamic parameters
LVEF_min, % 544 (124) 52.9(15.5) 554(10.2) 0572
Cl_min, I/min/m2 2.54 (0.67) 2651(0.58) 248 (0.71) 0405
MAP_min, mmHg 61.8(108) 51.4(949) 67.8 (5.75) <0.001
HR_max, bpm 103 (20.9) 102 (217) 104 (20.9) 0.765
SBP_min, mmHg 947 (12.7) 843 (11.0) 101 (9 43) <0001
PA_max, mmHg 39.5(7.01) 41.9 (6.00) .1(7.29) 0.081
CVP_max, mmHg 154 (3.10) 16.3(2.85) 8(3.16) 0.132
PCWP_max, mmHg 168 (3.02) 182 (330) 16.0 (2.60) 0039
SVRI_min, dyn*s*m2/cm5 1209 (369) 961 (288) 1328 (348) 0.002
Inotropic and vasoactive agents®
0-24 h after HTX
ADR, pg/kg/min 0.15 (0.01-0.17) 0.25 (0.05-0.30) 0.09 (0.01-0.11) 0.002
NA, pg/kg/min 0.12 (0.00-0.15) 0.21(0.06-0.27) 0.06 (0.00-0.13) 0007
DB, pg/kg/min 7.48 (4.36-10.16) 783 (345-11.67) 7.29 (4.34-9.92) 0714
MIL, pgrkg/min 0.27 (0.11-0.36) 0.34 (0.20-0.43) 0.24 (0.08-0.34) 0257
Inotrope score® 162 (9.8-41.4) 37.1(14.7-79.8) 7(9.2-309) 0012
24-48 h after HTX
ADR, pgrkg/min 0.12 (0.01-0.14) 0.26 (0.04-0.36) 0.03 (0.00-0.04) 0000
NA, pg/kg/min 0.09 (0.01-0.11) 0.21(0.01-0.27) 0.03 (0.00-0.05) 0.002
DB, pgrkg/min 7.30 (4.30-9.89) 764(2.14-11.98) 7.13 (4.24-951) 0.955
MIL, pgrkg/min 0.24 (0.10-0.36) 0.30(0.13-0.40) 0.20 (0.09-0.32) 0.120
Inotrope score® 13.3 (8:6-35.5) 35.1(11.9-77.4) 113 (6:6-23.1) 001

Number (%), mean (SD) or median (Q1-Q3) are presented

LVEF left ventricle ejection fraction, C/ cardiac index, MAP mean arterial pressure, HR heart rate, SBP systolic blood pressure, PA pulmonary artery systolic pressure, CVP
central venous pressure, PCWP pulmonary capillary wedge pressure, SVRI systemic vascular resistance index, ADR epinephrine, NA norepinephrine, DB dobutamine,

MIL milrinone

? levosimendan was routinely used for all patients for first 24 h after induction of anesthesia (0.1 pg/kg/min)
b inotrope score calculated in accordance with ISHLT consensus®: (dopamine (x 1) +dobutamine (x 1) +amrinone (x 1) +milrinone (x 15)+ epinephrine

(> 100) + norepinephrine (x 100) with each drug dosed in pg/kg/min)

than PGD and was observed in 18 (40%) patients (Fig. 1;
p=0.031).

Among patients with hemodynamic instability left
ventricle function was not impaired postoperatively
(CI 2.6540.61/min/m2 LVEF 52.9+15.5%) (Table 2);
however, MAP was markedly low and insufficient for
end-organ perfusion (51.4+9.5mmHg). Moreover,
mean SVRI was significantly lower when compared to
patients without hemodynamic instability (961288 vs
1328 4348 dyn*s*m*/cm® p=0.002) despite administra-
tion of higher doses of norepinephrine and higher over-
all inotrope score (Table 2). Bacterial infection was ruled
out in all of the patients based on laboratory tests results
(leucocyte count, procalcitonin) obtained within ana-
lyzed period.

Postoperatively, patients with hemodynamic instabil-
ity had higher and increasing creatinine levels (Fig. 2A);
however, preexisting impaired renal function was

observed in this group (Table 1). Postoperative liver func-
tion did not vary between the groups (Fig. 2C, D, E).

On the other hand, postoperative serum lactate lev-
els were significantly higher in recipients with hemo-
dynamic instability (Fig. 3A; p=0.002). Higher levels
were observed among these patients upon intensive care
unit admission (5.0 (4.0-7.2) vs 3.0 (1.7-6.2) mmol/L;
p=0.024) despite no significant difference in surgery
time (320 (300-340) vs 270 (210-315) minutes; p=0.118),
CPB time (135 (122-202) vs 142 (128-195) minutes;
p=0.238), and total ischemic time (215 (141-225) vs
204 (185-245) minutes; p=0.410). Moreover, difference
in postoperative serum lactate levels was present only
within first 24h after HTX (Fig. 3A), despite high-dose
inotropes requirement throughout all 48h of observa-
tion (Table 2). Serum lactate levels did not differ between
the groups at 24h after HTX (2.5 (2.2-5.3) vs 2.7 (1.5-
3.6); p=0.174) and lactate clearance was surprisingly
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PRIMARY GRAFT DYSFUNCTION AND HEMODYNAMIC INSTABILITY INCIDENCE

60
= - p=0.031
«»n 40
T
2
2
8 PGD:

0
x 20 17.8% Bm BIVENTRICULAR
=+ == LEFT VENTRICLE
RIGHT VENTRICLE
o_
N
& &
As Q\\
N &
R A
& J
& &
N &
S &
O' A
& &
A N
&
Fig. 1 Primary graft dysfunction and hemodynamic instability incidence; McNemar’ test

not impaired among HTX recipients with hemodynamic
instability (Fig. 3B; p=0.366).

Five in-hospital deaths were reported (11.1%), mostly
at a distant postoperative day (median: 30 [12-43] days).
Three out of five (60%) deceased patients had postop-
erative hemodynamic instability (60% vs 40%; p =0.277).
However, postoperative hemodynamic instability altered
the long-term outcome and increased 5-years mortality
(Fig. 4).

Discussion

Two of the largest studies that followed the ISHLT
diagnostic criteria for PGD reported an incidence of
36% in the UK [5] and 15.3% for severe PGD requiring
mechanical circulatory support in the American popu-
lation [7]. Thus, the total PGD incidence in this study
was relatively low (17.8%) and venoatrial extracorporeal
circulation was necessary only in 2 patients with severe
left ventricle PGD (4.4%). However, hemodynamic
instability was more common and observed in 40% of
the cases. Similar to data on PGD, patients with hemo-
dynamic instability had declined preoperative renal
function and a higher incidence of diabetes [4, 11-13].
Moreover, patients with hemodynamic instability had
higher BMI, which may have resulted in a higher risk
of a donor-recipient size mismatch, a known param-
eter for poor prognosis after HTX [5]. Although the
study was not designed to assess the preoperative risk
factors for hemodynamic instability but to determine

postoperative biochemical markers of the phenom-
enon, these important baseline differences cannot be
overlooked.

On the contrary to PGD, acceptable CI and LVEF were
reported among patients with hemodynamic instability,
presumably due to high doses of inotropic support that
were used within early postoperative period (Table 2).
However, the observed insufficient for end-organ per-
fusion MAP combined with the low SVRI despite sig-
nificantly higher vasoactive agent doses (Table 2) is an
interesting finding that reflects a potential vasopressor-
dependent distributive component in hemodynamics
after HTX. The activation of the systemic inflammatory
response in the recipient, resulting in a vasodilated sys-
temic circulation, has been hypothesized as one of the
important aspects of pathophysiology of PGD [4]. How-
ever, due to the non-uniform diagnostic criteria, the data
on this topic are sparse and a high range of reported
vasoplegia syndrome incidence after HTX have been
noted (11-54%) in a few single center reports [14, 15].

Nevertheless, early and proper identification of patients
with hemodynamic instability seems to be crucial, as the
impact on overall long-term survival was shown in this
study (Fig. 4). The long-term effect of PGD has been pre-
viously noted, and the increase in overall mortality was
observed throughout the first 3 months after HTX in one
paper [12]. This study showed that the impact of early
postoperative hemodynamic status is even greater, and
the significant decline of the survival curve can be seen
up to 2years after HTX (Fig. 4).
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However, there is a major gap in scientific evidence
regarding the early postoperative management of
HTX recipients. Most of the recommendations arise
from expert consensus and no unified strategy for bio-
chemical parameters monitoring is established [16]. As
shown in this study, serum lactate levels correlate with
the hemodynamic status and measurements obtained
within early hours after HTX may predict hemody-
namic instability and higher requirement for inotropic
and vasoactive agents (Fig. 3A). Therefore, early and
strict monitoring of lactate levels provides an oppor-
tunity to identify patients at higher risk of developing
hemodynamic instability and to implement corrective
measures to improve the outcome.

Another finding worth emphasizing is the fact that
in contrast to other clinical settings (i.e., liver trans-
plantation, mitral valve surgery, sepsis) [17—19] lactate
clearance was not impaired among unstable patients.

The initial difference in serum lactate levels between
the groups resolved within first 24 h of observation and
serum lactate levels returned to normal ranges within
the first 48 h after HTX. The cause of this unique phe-
nomenon that distinguish HTX recipients from all pre-
viously analyzed patients hospitalized in the intensive
care unit [17-19] cannot be established by this study
results. The initial authors’ hypothesis was that signifi-
cant decline in liver and renal function, as a result of
need for increased lactate utilization, will be observed,
however, obtained data cannot support such statement.

The retrospective study design may raise concerns
regarding the quality of evidence; however, consecutive
patients were enrolled, and no patient was excluded
from the analysis. Despite good adherence to the insti-
tutional postoperative management protocol regard-
ing the timing of repeated recipients’ assessment in
the ICU, several anesthesiologists supervised the
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postoperative care within the early hours after HTX.
Therefore, slight variations in decisions on fluid man-
agement and inotropic support might have been pre-
sent, and investigators cannot calculate this effect in
this study. Nevertheless, the major limitations of our
study are the small sample size and single-center data.
Study findings will require further validation in a higher
volume population with a prospective design and col-
lection of additional data on fluid management.

Conclusions

Hemodynamic instability is a more common phenom-
enon than PGD. Only early postoperative serum lac-
tate levels correspond with hemodynamic parameters
following HTX as impaired lactate clearance is not
observed among patients with hemodynamic instabil-
ity. Postoperative hemodynamic instability is associated
with poor long-term survival among HTX recipients.
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7. Omowienie cyklu publikacji

Postoperative hyperlactatemia and serum lactate level trends among heart
transplant recipients.

Dotychczas dostepne badania nad stezeniem mleczanow u pacjentow po HTX oceniaty
wylacznie czy poziom mleczandw osiagnat wyznaczony przez autoroOw punkt odcigcia
w dowolnym momencie obserwacji. Skrajna hiperlaktatemia zostata zdefiniowana przez
Hsu i in. jako stezenie mleczandw w surowicy wigksze niz 15 mmol/l i wystgpita u 3
chorych przy przyjeciu do ICU i u 9 innych we wczesnych godzinach pooperacyjnych
(tacznie 12/58 chorych). Jedna trzecia pacjentdw z hiperlaktatemig zmarta w trakcie
hospitalizacji, a pozostali chorzy zmarli w ciggu 5 lat po HTX. W innym badaniu punkt
odcigcia wynoszacy 4 mmol/l ustalono zgodnie z wytycznymi dotyczacymi leczenia
cigzkiej sepsy 1 wstrzgsu septycznego. Na podstawie tej oceny podwyzszone stezenie
mleczandéw w surowicy stwierdzono u 59,2% pacjentéw po HTX.

W oparciu o literature mozna byto zatem stwierdzi¢, iz szczegdtowa eksploracja stezen
mleczanéw obserwowanych we wczesnym okresie po HTX nie zostala dotychczas
przeprowadzona. Analiza przedstawiona w publikacji pozwolita na oszacowanie
rzeczywistej czgstosci wystepowania hiperlaktatemii u pacjentoéw po HTX oraz opisanie
trendow poziomu mleczandow w surowicy w ciggu pierwszych 48 godzin po HTX. W
badaniu jako punkt odcigcia dla hiperlaktatemii wyznaczono st¢zenie mleczandéw w
ABG na poziomie >1,6 mmol/l, ktory jest uzywany do oceny wynikdw pacjentow po
innych operacjach kardiochirurgicznych i pacjentow niechirurgicznych w naszym

os$rodku.
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Postoperative Serum Lactate Levels for In- Hospital Mortality Prediction Among
Heart Transplant Recipients.

Dotychczasowe publikacje oceniajace pacjentow po operacjach kardiochirurgicznych
innych niz HTX wykazaly zalezno$¢ pomigdzy podwyzszonym poziomem mleczandw
w czasie przyjecia do ICU a ryzykiem powiklan pooperacyjnych, w tym zgonu, i
przedtuzonej hospitalizacji. Punkty odcigcia oszacowane w badaniach wahaly si¢ w
granicach 2 — 3 mmol/l w chwili przyjecia do ICU i 3 — 4 mmol/l w ciggu pierwszych
godzin po operacji. W oparciu o literatur¢ mozna bylo zatem stwierdzié, iz bedzie
mozliwe oszacowanie takiego punktu odcigcia poziomu mleczanow, ktory bedzie miat
wartos¢ predykcyjna u pacjentow po HTX. Analiza przedstawiona w publikacji
pozwolita na ocene wartosci prognostycznej poziomu mleczanéw we wczesnym okresie
pooperacyjnym dla wczesnej $miertelnosci u chorych po HTX z wykorzystaniem

regresji logistycznej oraz oceny krzywej ROC.

Early postoperative hemodynamic instability after heart transplantation -
incidence and metabolic indicators.

Wczesny okres pooperacyjny po HTX wiaze si¢ z najwyzsza $miertelnoscia, wynoszaca
10-15%. PGD jest gtowng przyczyng zgonéw w ciggu pierwszych 30 dni po HTX i1
odpowiada za okolo 40% $miertelnosci. Czesto§¢ wystepowania PGD rdézni sig
znaczaco w poszczegoOlnych badaniach (od 2,3% do 28,2%), co wynika z réznych
definicji uzywanych przez autoréw, nawet po publikacji konsensusu ISHLT

dotyczacym rozpoznawania PGD. Wstepna hipoteza badawczg pracy bylo zatem
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zalozenie, iz niestabilno$¢ hemodynamiczna we wczesnym okresie pooperacyjnym
moze by¢ czestszym zjawiskiem niz PGD.

Ciezkie przypadki PGD sg zwykle $miertelne, a najczestsze wyniki autopsji obejmowaty
uszkodzenie reperfuzyjne, niedokrwienie narzadow i martwicg miocytow. Poziomy
mleczanu sg znanym wskaznikiem niedokrwienia tkanek w wielu warunkach
Klinicznych. Mozna byto zatem stwierdzi¢, iz poziomy mleczanéw obserwowane we
wczesnym okresie pooperacyjnym u pacjentow po HTX beda zalezne od
obserwowanych parametrow hemodynamicznych.

Analiza przeprowadzona w publikacji pozwolila na oceng czestosci wystepowania PGD
zgodnie z konsensusem ISHLT 1 poréwnanie jej z czgsto$cig wystgpowania
niestabilno$ci hemodynamicznej we wczesnym okresie po HTX. Analiza pozwolita
réwniez na okreslenie zwigzku migdzy parametrami hemodynamicznymi a ste¢zeniem

mleczandw i ich klirensem we wczesnym okresie po HTX.

8. Podsumowanie wynikow

Postoperative hyperlactatemia and serum lactate level trends among heart
transplant recipients.

Wartos$ci kolejnych pomiaréw poziomu mleczandéw roznily sie¢ w czasie (p = 0,000). U
wszystkich pacjentow obserwowano przynajmniej jeden epizod hiperlaktatemii.
Zaobserwowano rowniez istotny statystycznie poczatkowy wzrost z pdzniejszym

spadkiem w ciggu obserwacji (LacO vs Peak Value p=0,000; Lac0 vs Lac48 p=0,000).
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W szczegdlowe] analizie zidentyfikowano rozne trendy poziomu mleczanow w
surowicy. U wiekszoséci pacjentow (63%) obserwowano normalizacje poziomu
mleczanéw w czasie obserwacji, jednak u jednej trzeciej z nich (33%) wystapit kolejny
epizod hiperlaktatemii po pierwszej normalizacji. W koncowym punkcie obserwacji (48
godzin po HTX) 50% os6b miato prawidlowy poziom mleczanu, a hiperlaktatemie¢
zaobserwowano u drugiej potowy badanych. Pacjenci, ktorzy w pierwszym pomiarze
mieli swoj najwyzszy poziom mleczanow (LacO = Peak Value), mieli najnizsze wartosci

mleczandw w ostatnim pomiarze (Lac48).

Postoperative Serum Lactate Levels for In- Hospital Mortality Prediction Among
Heart Transplant Recipients.

Ze wszystkich ocenionych pomiarow mleczanéw w kolejnych punktach czasowych,
jedynie pomiar przy przyjeciu do ICU (LacO) rdznit si¢ istotnie pomigdzy grupami
pacjentow, ktorzy zmarli w czasie hospitalizacji i przezywajacymi (7,6 vs 4,3 mmol/l;
p=0,000). Nie zaobserwowano ro6znic w klirensie mleczanéow pomig¢dzy grupami. W
modelu wieloczynnikowej regresji logistycznej, jedynie poziom mleczanéw w surowicy
w czasie przyjecia do ICU (LacO) byt niezaleznym predyktorem zgonu w czasie
hospitalizacji (OR 1,94 95% CI [1,09 - 3,43]; p=0,024). W oparciu o analize krzywej
ROC (AUC=0.783; p=0.027) wyznaczono optymalny punkt odcigcia poziomu
mleczandw przy przyjeciu do ICU (Lac0) dla predykceji zgonu wewnatrzszpitalnego (7,0

mmol/l; czutosé: 67%, swoistosé: 90%).
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Early postoperative hemodynamic instability after heart transplantation -
incidence and metabolic indicators.

PGD stwierdzono u 8 (17,8%) pacjentow. W dwoch przypadkach (4,4%) PGD
okreslono jako ciezkg i1 pacjenci wymagali wsparcia VA-ECMO. Niestabilno$¢
hemodynamiczna wystepowata czesciej niz PGD i byla obserwowana u 18 (40%)
pacjentow (p=0,031).

U pacjentow z niestabilnos$cig hemodynamiczng obserwowano istotnie wyzsze poziomy
mleczandbw w poroéwnaniu do stabilnych hemodynamicznie pacjentow (p=0,002).
Zanotowano réwniez istotne roznice w pomiarze w czasie przyjecia do ICU (Lac0 5,0
(4,0-7,2) vs 3,0 (1,7-6,2) mmol/l; p=0,024), pomimo braku réznic w czasie operacji,
czasie CPB, oraz calkowitym czas niedokrwienia. Najwicksze réznice w poziomie
mleczandéw obserwowano tylko w ciggu pierwszych 24 godzin po HTX, pomimo réznic
w parametrach hemodynamicznych oraz zapotrzebowaniu na leki inotropowe oraz
wazokonstrykcyjne utrzymujacych si¢ w czasie calej obserwacji. W 24 godzinie po
HTX poziomy mleczanu migdzy grupami nie réznity sig¢ istotnie (2,5 (2,2-5,3) vs 2,7
(1,5-3,6) mmol/l; p=0,174), a klirens mleczanu w czasie obserwacji nie byt uposledzony
w grupie pacjentdéw z niestabilno$cig hemodynamiczng w poréwnaniu do stabilnych
pacjentow (p=0,366). Przyczyny tego wyjatkowego zjawiska, ktore odrdznia biorcoOw
HTX od wszystkich wczesniej analizowanych pacjentéw hospitalizowanych w ICU, nie
mozna ustali¢ na podstawie wynikow tego badania. Wstepna hipoteza badawcza, ktora
zaktadata zaobserwowanie znacznego pogorszenia funkcji watroby i nerek w wyniku
koniecznosci zwigkszonej utylizacji mleczand6w nie potwierdzita si¢ w oparciu o

uzyskane w badaniu wyniki.
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Pomimo braku réznic w $miertelnoSci wewnatrzszpitalnej] miedzy grupami |
obserwowang normalizacja warto$ci mleczanéw w drugiej dobie po HTX w grupie
pacjentow =z niestabilno$cig hemodynamiczng, zaobserwowano gorsze 5-letnie
przezycie w grupie pacjentow, u ktorych obserwowano niestabilnos¢ hemodynamiczna

we wczesnym okresie pooperacyjnym (p=0.034).

9. Whioski

W ciggu pierwszych 48 godzin po HTX wszyscy pacjenci doswiadczyli przynajmniej
jednego epizodu hiperlaktatemii. U pacjentoéw po HTX mozna zidentyfikowac roézne
trendy stezen mleczandéw w surowicy, z najwiekszymi réznicami wystepujacymi w
momencie przyjecia do ICU oraz w zakresie najwyzszej obserwowanej wartosci.
Pomiar poziomu mleczandéw w surowicy przy przyje¢ciu do ICU moze by¢ wykorzystany
jako parametr predykcyjny S$miertelnosci wewnatrzszpitalnej po HTX. Wartosci
wieksze niz 7,0 mmol/l pozwalajg na predykcje zgonu wewnatrzszpitalnego z 90%
swoisto$cig. Niestabilno$¢ hemodynamiczna we wczesnym okresie po HTX jest
zjawiskiem czestszym niz PGD. Jedynie wczesne pooperacyjne poziomy mleczandw w
surowicy odpowiadajag parametrom hemodynamicznym po HTX, poniewaz
uposledzony klirens mleczanu nie jest obserwowany u pacjentOw z niestabilnoscia

hemodynamiczng.
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10. Streszczenie w jezyku polskim

Wstep

Schytkowa niewydolnos$¢ serca (HF), ktora dotyka 10% populacji HF, wiaze si¢ z
wysoka $miertelnoscia, osiggajac 50% po roku od rozpoznania. Dla tych oséb
przeszczep serca (HTX) pozostaje ztotym standardem leczenia. Udowodniono, ze
pomiary poziomu mleczanow w surowicy sa przydatne w predykcji rokowania po
innych operacjach kardiochirurgicznych oraz wsréd pacjentéw hospitalizowanych w
oddziale intensywnej terapii (ICU). Po HTX oczekiwa¢ mozna zwigckszonych stezen
mleczanOw w surowicy, poniewaz czesto obserwuje si¢ diugi czasu krazenia
pozaustrojowego i uposledzenie funkcji hemodynamicznej we wczesnych godzinach
pooperacyjnych. Jednak kompleksowa analiza pooperacyjnych trendéw poziomu
mleczandéw w surowicy 1 klinicznej przydatnosci pomiarow mleczanow nigdy wczesniej
nie bylta przeprowadzona w grupie pacjentéw po HTX.

Cel

Celem pracy byta kompleksowa analiza st¢zenia mleczanéw w surowicy krwi we
wcezesnym okresie pooperacyjnym po HTX. Celem bylo: oszacowanie czestosci
wystepowania hiperlaktatemii oraz opisanie wczesnych pooperacyjnych trendéw
poziomu mleczanéw w surowicy; okreslenie zwigzku migdzy poziomami mleczandéw w
surowicy a wczesng S$miertelnoscig; okreslenie zwigzku miedzy parametrami
hemodynamicznymi a stezeniem mleczanbw w surowicy we wczesnym okresie

pooperacyjnym po HTX.
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Material i metody

Do retrospektywnego badania wiaczono 46 pacjentow, u ktorych wykonano HTX w
latach 2010-2015. Zebrano i przeanalizowano szczegdtowe dane dotyczace parametrow
hemodynamicznych oraz biochemicznych z pierwszych 48 godzin po operacji. Wyniki
pomiarow poziomu mleczanéw w surowicy w ciggu pierwszych 48 godzin po HTX
uzyskano z wykonywanej rutynowo co 6 godzin analizy gazometrycznej krwi tgtniczej.
Za prog hiperlaktatemii uznano >1,6 mmol/l, zgodnie z gérng granica normy, opartg na
wewngetrzne] standaryzacji laboratoryjnej. Dane dotyczace $miertelnosci odlegtlej
uzyskano z Gtéwnego Urzedu Statystycznego.

Wyniki

W trakcie obserwacji wszyscy pacjenci doswiadczyli przynajmniej jednego epizodu
hiperlaktatemii, z mediang wartosci szczytowej 7,0 (4,5-8,4) mmol/l. U pacjentow po
HTX mozna zidentyfikowa¢ rozne trendy poziomu mleczandéw w surowicy, Z
najwigkszg roznicg w zakresie warto$ci w chwili przyjecia do ICU.

Pomiar poziomu mleczanow w surowicy przy przyjeciu do ICU moze by¢ wykorzystany
jako parametr predykcyjny S$miertelnosci wewnatrzszpitalnej wsrod biorcow
przeszczepu serca. Warto$ci wigksze niz 7,0 mmol/l moga pozwalaja na predykcje
zgonu wewnatrzszpitalnego z 90% swoistoscia.

Niestabilno$¢ hemodynamiczna jest zjawiskiem czestszym niz pierwotna dysfunkcja
graftu. Jedynie wczesne pooperacyjne poziomy mleczanow w surowicy korelujg z
obserwowang niestabilno$cig hemodynamicznej po HTX. Pooperacyjna niestabilno$¢

hemodynamiczna wigze si¢ ze gorszym odlegtym przezyciem po HTX.
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11. Streszczenie w jezyku angielskim

Background

Advanced heart failure (HF), which affects 10% of the HF population, is associated with
a high mortality rate, meeting 50% at 1-year from diagnosis. For these individuals, heart
transplantation (HTX) remains the ultimate and gold-standard treatment option. Serum
lactate level measurements have been proven useful for determining the outcome
following other cardiac surgeries and among critically ill patients. Following HTX,
increased serum lactate levels are expected, as prolonged cardiopulmonary bypass time
and compromised hemodynamic function within early postoperative hours are
commonly observed. However, a comprehensive analysis of postoperative serum lactate
level trends and clinical usefulness of lactate measurements have never been analyzed
before among HTX recipients.

Aim

The aim of the study was to perform a comprehensive analysis of serum lactate levels
in the early postoperative period after HTX. The goals were: to estimate the prevalence
of hyperlactatemia and to describe early postoperative serum lactate level trends; to
determine the association between serum lactate levels and early mortality; to determine
the association between hemodynamic parameters and serum lactate levels in the early
postoperative period after HTX.

Material and Methods

Forty-six patients who underwent HTX between 2010 and 2015 were enrolled in this

retrospective study, and detailed hemodynamic and metabolic data from the first 48
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postoperative hours were collected and analyzed. Serum lactate level measurements
within the first 48 hours post-HTX were obtained every 6 hours from routinely
conducted arterial blood gas analyses. The threshold for hyperlactatemia was considered
at >1.6 mmol/L, according to the upper limit of normal, based on internal laboratory
standardization. Data for long-term mortality were obtained from the population
registration office.

Results

Throughout the observation, all of the patients experienced at least one episode of
hyperlactatemia, with the median Peak Value of 7.0 (4.5-8.4) mmol/L. Various serum
lactate level trends can be identified in post-HTX patients.

Serum lactate level measurement upon ICU admission can be used as a predictive
parameter for in-hospital mortality among heart transplant recipients. Values greater
than 7.0 mmol/L can predict in-hospital mortality with 90% accuracy.

Hemodynamic instability is a more common phenomenon than primary graft
dysfunction. Only early postoperative serum lactate levels correspond with
hemodynamic instability following HTX. Postoperative hemodynamic instability is

associated with poor long-term survival among HTX recipients.
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art. 236 os$wiadczam, iz méj wlasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badai oraz przedstawienie pracy w formie publikacji wynosit 10 % i polegal na udziale
W opracowaniu koncepcji badan, udziale w interpretacji wynikéw tej pracy, recenzji manuskryptu
pracy.

Jednoczesnie wyrazam zgode na przedlozenie wiw pracy przez
lek Ann¢ Kedziora jako czg$¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykuléw
opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia  czes¢  ww. pracy
wykazuje indywidualny wkiad lek Anna Kedziora polegajacy na opracowywaniu pomystu badan,

opracowaniu i interpretacji wynikéw tej pracy, przygotowaniu manuskryptu pracy.

(podpis wspolautora)
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Krakoéw, 2.11.2021

Dr n. med. Hubert Hymczak
Wydziat Lekarski i Nauk o Zdrowiu
Krakowska Akademia im. Andrzeja Frycza-Modrzewskiego

OSWIADCZENIE

Jako  wspétautor pracy “Early postoperative hemodynamic instability after heart
transplantation - incidence and metabolic indicators.” BMC Anesthesiology, 2021 : Vol. 21, nr 1, id.
art. 236 oswiadczam, iz m6j wiasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji wynosit 10 % i polegat na udziale
W opracowaniu koncepcji badaf, udziale w interpretacji wynikow tej pracy, recenzji manuskryptu
pracy.

Jednoczes$nie wyrazam zgode na przedlozenie w/w pracy przez
lek Anng Kedziora jako czgéé rozprawy doktorskiej w formie spéjnego tematycznie zbioru artykutow
opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia czgs¢ ww. pracy
wykazuje indywidualny wkiad lek Anna Kedziora polegajacy na opracowywaniu pomystu badan,

opracowaniu i interpretacji wynikéw tej pracy, przygotowaniu manuskryptu pracy.

(podpis wspdtautora)
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Krakéw, 2.11.2021

Drn. med. Grzegorz Wasilewski
Oddzial Kliniczny Chirurgii Serca, Naczyh i Transplantologii
KSS im. Jana Pawla Il w Krakowic

OSWIADCZENIE

Jako  wspolautor pracy “Early postoperative hemodynamic instability ~after heart
transplantation - incidence and metabolic indicators.” BMC Anesthesiology, 2021 : Vol. 21, nr 1, id.
art. 236 oswiadczam, iz mgj wlasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji wynosit 5 % i polegat na udziale w
zebraniu danych, udziale w interpretacji wynikéw tej pracy, recenzji manuskryptu pracy.

Jednoczesnie wyrazam zgode na przediozenie w/w pracy przez
lek Ann¢ Kedziora jako czgs$é rozprawy doktorskiej w formie spéjnego tematycznie zbioru artykulow
opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia  czes¢  ww. pracy
wykazuje indywidualny wkiad lek Anna Kedziora polegajgcy na opracowywaniu pomyshu badan,

opracowaniu i interpretacji wynikéw tej pracy, przygotowaniu manuskryptu pracy.

(podpis wspotautora)
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Krakow, 2.11.2021

Dr hab. n. med. Bartlomiej Guzik
Klinika Kardiologii Interwencyjnej
Instytut Kardiologii, Uniwersytet Jagiellonski Collegium Medicum

OSWIADCZENIE

Jako wspétautor pracy “Early postoperative hemodynamic instability after heart transplantation
- incidence and metabolic indicators.” BMC Anesthesiology, 2021 : Vol. 21, nr 1, id. art. 236
o$wiadczam, iz mdj whasny wkiad merytoryczny w przygotowanie, przeprowadzenie i opracowanie
badan oraz przedstawienie pracy w formie publikacji wynosit 5 % i polegal na udziale w analizie
statystycznej, udziale w interpretacji wynik6w tej pracy, recenzji manuskryptu pracy.

Jednoczesnie wyrazam zgode na przedtozenie w/w pracy przez
lek Anne Kedziora jako cze$é rozprawy doktorskiej w formie spéjnego tematycznie zbioru artykutow
opublikowanych w czasopismach naukowych.

O$wiadczam, iz samodzielna i mozliwa do wyodrgbnienia czg§¢ ww. pracy
wykazuje indywidualny wkiad lek Anna Kedziora polegajacy na opracowywaniu pomystu badan,

opracowaniu i interpretacji wynikéw tej pracy, przygotowaniu manuskryptu pracy.

(podpis wspdtautora)
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Krakéw, 2.11.2021

Prof. dr hab. n. med. Rafal Drwita
Kat.edra i Zaklad Anestezjologii i Intensywnej Terapii
Uniwersytet Jagiellonski Collegium Medicum

OSWIADCZENIE

Jako  wspdlautor pracy “Early postoperative hemodynamic instability after heart
transplantation - incidence and metabolic indicators.” BMC Anesthesiology, 2021 : Vol. 21, nr 1, id.
art. 236 os$wiadczam, iz méj wlasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji wynosit 5 % i polegat na udziale w
interpretacji wynikow tej pracy, recenzji manuskryptu pracy.

Jednoczesnie wyrazam zgodg na przedlozenie w/w pracy przez
lek Anng¢ Kedziora jako czesé rozprawy doktorskiej w formie spéjnego tematycznie zbioru artykutéw
opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia  czg§é¢ ww. pracy
wykazuje indywidualny wkiad lek Anna Kedziora polegajacy na opracowywaniu pomystu badan,

opracowaniu i interpretacji wynikow tej pracy, przygotowaniu manuskryptu pracy.

(podpis wspétautora)
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Krakow, 2.11.2021

Prof. dr hab. n. med. Boguslaw Kapelak
Klinika Chirurgii Serca, Naczyn i Transplantologii
Instytut Kardiologii, Uniwersytet Jagiellonski Collegium Medicum

OSWIADCZENIE

Jako  wspélautor pracy “Early postoperative hemodynamic instability after heart
transplantation - incidence and metabolic indicators.” BMC Anesthesiology, 2021 : Vol. 21, nr 1, id.
art. 236 oswiadczam, iz moéj wlasny wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji wynosit 5 % i polegat na udziale w
interpretacji wynikdw tej pracy, recenzji manuskryptu pracy.

Jednoczesnie wyrazam zgode na przediozenie w/w pracy przez
lek Ann¢ Kedziora jako czesé rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykulow
opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodregbnienia czgs¢ ww. pracy
wykazuje indywidualny wklad lek Anna Kedziora polegajacy na opracowywaniu pomyshi badan,

opracowaniu i interpretacji wynikéw tej pracy, przygotowaniu manuskryptu pracy.

(podpis wspotautora)
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Krakow, 2.11.2021

Dr hab. n. med. Dorota Sobczyk
Klinika Choréb Serca i Naczyn

Instytut Kardiologii, Uniwersytet Jagiellotiski Collegium Medicum

OSWIADCZENIE

Jako wspétautor pracy “Early postoperative hemodynamic instability after heart
transplantation - incidence and metabolic indicators.” BMC Anesthesiology, 2021 : Vol. 21, nr 1, id.
art. 236 o$wiadczam, iz méj wlasny wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badai oraz przedstawienie pracy w formie publikacji wynosil 5 % i polegal na udziale w
interpretacji wynikow tej pracy, recenzji manuskryptu pracy.

Jednoczesnie wyrazam zgodg na przediozenie w/w pracy przez
lek Anng Kedziora jako czg$¢ rozprawy doktorskiej w formie spéjnego tematycznie zbioru artykutdéw
opublikowanych w czasopismach naukowych.

Os$wiadczam, iz samodzielna i mozliwa do wyodrgbnienia czg§¢ ww. pracy
wykazuje indywidualny wkiad lek Anna Kedziora polegajacy na opracowywaniu pomystu badan,

opracowaniu i interpretacji wynik6w tej pracy, przygotowaniu manuskryptu pracy.

(podpis wspodtautora)
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Krakow, 2.11.2021

Dr.h:ab. n. med. Janusz Konstanty-Kalandyk
Klinika Chirurgii, Serca, Naczyn i Transplantologii
Instytut Kardiologii, Uniwersytet Jagiellonski Collegium Medicum

OSWIADCZENIE

Jako wspétautor pracy “Early postoperative hemodynamic instability after heart
transplantation - incidence and metabolic indicators.” BMC Anesthesiology, 2021 : Vol. 21, or 1, id.
art. 236 oswiadczam, iz méj whasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badaii oraz przedstawienie pracy w formie publikacji wynosit 5 % i polegat na udziale w
interpretacji wynik6w tej pracy, recenzji manuskryptu pracy.

Jednoczesnie wyrazam zgode na przedlozenie w/w pracy przez
lek Anng¢ Kedziora jako czg$¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykutéw
opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia czg§¢ ww. pracy
wykazuje indywidualny wklad lek Anna Kedziora polegajacy na opracowywaniu pomystu badan,

opracowaniu i interpretacji wynikéw tej pracy, przygotowaniu manuskryptu pracy.

(podpis wspodjautora)
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Krakoéw, 2.11.2021

Dr hab. n. med. Karol Wicrzbicki
Klinika Chirurgii Serca, Naczyd i Transplantologii
Instytut Kardiologii, Uniwersytet Jagicllonski Collegium Medicum

OSWIADCZENIE

Jako wspdlautor pracy “Early postoperative hemodynamic instability after hean
transplantation - incidence and metabolic indicators.” BMC Anesthesiology, 2021 : Vol. 21, nr 1, id.
art. 236 o$wiadczam, iz moj wlasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badar oraz przedstawienie pracy w formie publikacji wynosit 10 % i polegal na udziale
W opracowaniu koncepcji badan, udziale w interpretacji wynikéw tej pracy, recenzji manuskryptu
pracy.

Jednoczesnie wyrazam zgode na przediozenie wiw pracy przez
lek Anne Kedziora jako ¢z¢S¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykulow
opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia  czgs¢  ww. pracy
wykazuje indywidualny wklad lek Anna Kedziora polegajacy na opracowywaniu pomyshu badan,

opracowaniu i interpretacji wynikow tej pracy, przygotowaniu manuskryptu pracy.

(podpis wspolautora)
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