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SOUHRN 

Předčasný odtok plodové vody před termínem porodu (preterm prelabor rupture of 
membranes, PPROM) představuje závažnou komplikaci těhotenství a je odpovědný za 

přibližně 30 % předčasných porodů. PPROM může být komplikován přítomností 

mikroorganismů a/nebo jejich nukleových kyselin v plodové vodě – tento stav se nazývá 
mikrobiální invaze dutiny děložní (microbial invasion of the amniotic cavity, MIAC). 

PPROM může být také doprovázen zvýšenou hladinou různých ukazatelů zánětlivu 

v plodové vodě – tento stav se nazývá intra-amniální zánět (intra-amniotic 
inflammation, IAI). Na základě přítomnosti MIAC a IAI lze definovat čtyři podskupiny 

PPROM: i) intra-amniální infekce (jsou přítomny MIAC a IAI), ii) sterilní IAI (přítomen 

pouze IAI), iii) kolonizace amniální dutiny (přítomen pouze MIAC), iv) nepřítomnost 
MIAC i IAI. 

Ačkoliv gestační stáří v době porodu představuje nejdůležitější faktor ovlivňující 

novorozeneckou morbiditu a mortalitu, přítomnost MIAC a/nebo IAI může tyto 

novorozenecké výsledky zhoršit. Na základě těchto informací se diagnosticko-
terapeutický postup založený na precizním posouzení intra-amniálního prostředí jeví 

jako optimální u těhotenství komplikovaných PPROM. 

Moderní ultrazvukové přístroje umožnují vyšetřit plod velice podrobně. Snaha o 

nalezení robustního ultrazvukového markeru predikující přítomnost MIAC a/nebo IAI 
tak logicky představuje další krok ve výzkumu těchto komplikací. Velice slibné 

výsledky přineslo dopplerovské vyšetření průtoku krve v lienální žíle plodu, která je 

součást portálního systému. Proto byl první cíl této práce zaměřen na porovnání hodnot 
pulsatilního indexu (PI) v lienální žíle, hlavním portálním kmenu, levé portální žíle a ve 

venózním duktu u těhotných s PPROM s přítomností a absencí IAI. Druhým cílem bylo 

stanovení diskriminačních hodnot PI s nejlepšími prediktivními hodnotami pro 
stanovení IAI. 

Stanovení obou těchto cílů práce bylo provedeno na stejné kohortě pacientů.  Ta se 

sestávala z 81 těhotných s jednočetným těhotenstvím komplikovaným PPROM. 

Přítomnost IAI byla spojena s vyšší hodnotou PI v lienální žíle oproti absence PI. 
Hodnoty PI v levém portálním kmenu, levé portální žíle a ve venózním duktu nebyly 

změněny mezi skupinami těhotných žen s PPROM s a bez IAI.  Hodnota PI v lienální 

žíle 0,36 byla nalezena jako optimální k identifikaci  přítomnosti IAI u těhotenství 
komplikovaných PPROM. 

I přes slibné výsledky, které přináší ultrazvukové vyšetření plodu, vyšetření plodové 

vody představuje nejpřesnější metodu k posouzení intra-amniálního prostředí. Bylo již 

navrženo mnoho potenciálních ukazatelů zánětů, včetně rodiny granzymů, především 
extracelulárního granzymu A. Proto byl třetí hlavní cíl této práce zaměřen na stanovení 

hladin extracelulárního granzymu A v plodové vodě s ohledem na přítomnosti MIAC 

a/nebo IAI. Čtvrtý cíl práce byl zaměřen na stanovení diskriminační hladiny 
extracelulární granzymu A v plodové vodě pro predikci těchto komplikací. 

Třetí i čtvrtý cíl práce byly provedeny na stejné kohortě pacientů, kterou tvořilo 166 

těhotných žen s jednočetným těhotenstvím komplikovaným PPROM. Zvýšená hladina 

extracelulárního granzymu A plodové vodě byla nalezena u skupiny těhotných žen s 
PPROM se sterilním IAI. Diskriminační hladina extracelulárního granzymu A v 

plodové vodě 33,4 pg/mL byla identifikována jako optimální pro predikci přítomnosti 

sterilního IAI u těhotných žen s PPROM. 
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SUMMARY 

Preterm prelabour rupture of membranes (PPROM) represents a serious pregnancy 
complication associated with approximately 30% of preterm deliveries. PPROM might 

be complicated by the presence of microorganisms and/or their nucleic acids in amniotic 

fluid termed microbial invasion of the amniotic cavity (MIAC), and the elevation of 
various inflammatory mediators in the amniotic fluid referred to as intra-amniotic 

inflammation (IAI). Based on their presence or absence, four subgroups of PPROM can 

be defined: i) intra-amniotic infection (presence of both MIAC and IAI), ii) sterile IAI 
(IAI alone), iii) colonisation of the amniotic cavity (MIAC alone), and iv) absence of 

both MIAC and IAI.  

Although gestational age at delivery is the most important factor affecting the risk of 

neonatal morbidity and mortality, the presence of MIAC and/or IAI might worsen 

neonatal outcomes. Therefore, precise assessment of the intra-amniotic environment 
seems essential for ideal personalised management of PPROM pregnancies.  

Modern ultrasound machines allow a very detailed examination of the foetus. The effort 
to identify surrogate ultrasound markers of MIAC and/or IAI represents a logical 

research step in this field. One of the most promising results has been found on doppler 

assessment on blood flow in the foetal splenic vein, a part of the foetal portal system. 
Therefore, the first specific aim of this study was to evaluate the pulsatile index (PI) of 

the splenic vein, the main portal stem, the left portal vein, and ductus venosus in the 

foetuses from PPROM pregnancies with respect to the presence or absence of IAI. The 
second specific aim of this study was to identify PI’s diagnostic indices on the selected 

parts of the foetal portal system to predict IAI in females with PPROM.  

Both specific aims were performed in the same study population, consisting of 81 

females with PPROM. The presence of IAI was associated with higher PI in the splenic 

vein but no differences were observed in the left portal branch, ductus venosus, and 
portal stem between pregnancies with and without IAI. The PI value of 0.36 on the 

splenic vein was identified to be optimal to predict IAI in pregnancies complicated by 

PPROM. 

Aside from the ultrasound assessment, the direct evaluation of amniotic fluid is the most 

precise method to investigate the intra-amniotic environment. Several promising 
markers of inflammation have been proposed, including a family of granzymes, 

particularly extracellular granzyme A. Therefore, the third specific aim of this study was 

to establish an association between concentrations of extracellular granzyme A in 
amniotic fluid and the presence of MIAC and/or IAI. The fourth specific aim was to 

determine the diagnostic indices of extracellular granzyme A in amniotic fluid. 

The third and fourth specific aims were performed in the same study population, 

consisting of 166 females with PPROM. The concentration of extracellular granzyme A 

in amniotic fluid was elevated in the presence of sterile IAI. A concentration of amniotic 
fluid extracellular granzyme A of 33.4 pg/mL was found to be an optimal cut-off value 

to predict the presence of sterile IAI in PPROM pregnancies. 
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1. INTRODUCTION 

1.1. PRETERM DELIVERY 

According to the World Health Organisation, preterm delivery (PTD) is defined as 

delivery before 37 weeks or 259 days of gestation are completed (1). PTD affects 5-18% 

of pregnancies globally, with considerable differences between various parts of the 
world. In Europe, the PTD rate oscillates between 5-9% (2) and has not decreased in the 

last decades. PTD represents the leading cause of perinatal mortality and morbidities (3-

5) with a close relationship between these outcomes and gestational age at delivery – 
lower gestational age represents a higher risk for adverse perinatal outcomes and vice 

versa (6, 7).  

PTD represents a heterogeneous condition, a syndrome induced by many causes (8). 

Based on the clinical point of view, PTD can be divided into three subgroups: i.) 

iatrogenic preterm birth (provider-initiated), which occurs because of maternal 
complications or foetal disease (app. 30-35% of PTD) ii.) spontaneous preterm birth 

with intact membranes (PTL) (app. 40-45% of PTD); and iii.) preterm prelabour rupture 

of the membranes (PPROM), (app. 25 - 30% of PTD) (9, 10). 

1.2. PPROM 

PPROM, defined as leakage of amniotic fluid before the onset of regular labour activity 

before the 37th week of pregnancy, occurs in 2-8% of all singleton pregnancies (11). 

PPROM is associated with approximately 30% of preterm deliveries and serious 
perinatal morbidity and mortality (3, 10). Many authors suggest that there should be a 

minimum of one hour period between the leakage of amniotic fluid and onset of the 

labour to make a diagnosis of PPROM (12, 13).  

The clinical management of PPROM pregnancies represents balancing the benefits of 

prolonging gestation to reduce adverse events related to prematurity against the risk of 
potential complications (14). Based on the evidence that gestational age is the most 

important factor in neonatal morbidity and mortality, expectant management is 

recommended in PPROM pregnancies before 34 weeks of gestation (7, 15). On the other 
hand, there is evidence, that the newborns from PPROM pregnancies, complicated with 

intra-amniotic infection and treated expectantly had the worst outcomes. (16, 17). 

Therefore, management of PPROM, considering the status of the intra-amniotic 
environment, seems to be the ideal approach for dealing with PPROM pregnancies. 

1.2.1. Infection-related and inflammatory intra-amniotic complications in PPROM 

The presence of microorganisms and/or their DNA in amniotic fluid is called microbial 

invasion of the amniotic cavity (MIAC) and complicates approximately 25-40% of 
PPROM pregnancies. It represents a pathological condition because the amniotic cavity 

is considered a sterile environment (18, 19). 

Several routes exist how microorganisms might reach the amniotic cavity: i) to ascend 
from the vagina and cervix, ii) to spread hematogenously through the placenta, iii) to 

disseminate retrogradely from the peritoneal cavity through the fallopian tubes, and iv) 

iatrogenic inoculation during invasive intrauterine procedures (10). Of these options, an 
ascension of microorganisms from the lower genital tract seems to be the most important 

origin of microbial infection (20). The most common bacteria in PPROM pregnancies 
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are Ureaplasma spp. (21), that belongs with Mycoplasma hominis under an umbrella of 
the term - genital mycoplasmas. 

Elevation of various inflammatory markers in the amniotic fluid is called intra-amniotic 
inflammation (IAI) (19, 22) . The development of IAI is usually a consequence of the 

activation of the intra-amniotic innate immune response through the system of pattern 

recognition receptors (22, 23). This activation involves recognition of specific 
components of microorganisms (called pathogen-associated molecular patterns; 

PAMPs) or endogenous molecules called alarmin (damage-associated molecular 

patterns; DAMPs) via Toll-like receptors (TLRs), activation of nuclear factor kappa B 
and amplification of cytokine production (24, 25). 

Based on the presence or absence of MIAC and IAI, pregnancies complicated by 
PPROM can be divided into one of four subgroups: i) intra-amniotic infection (the 

presence of both MIAC and IAI), ii) sterile IAI (the presence of IAI per se), iii) 

colonisation of the amniotic cavity (the presence of MIAC per se), and the absence of 
both MIAC and IAI 

1.2.1.1. Intra-amniotic infection 

The presence of MIAC and IAI characterises intra-amniotic infection. The frequency of 

intra-amniotic infection in patients with PPROM in the absence of labour is 20-40% (26, 
27) and is associated with the strongest intra-amniotic inflammatory response with a 

significantly higher level of amniotic fluid IL-6 and other inflammatory markers (28, 

29) . The intensity of the inflammatory response also depends on the type of bacteria 
and microbial load (30, 31). Moreover, patients with PPROM in very low weeks of 

gestation (before 25 weeks) have a stronger intensity of the inflammatory response in 

the presence of intra-amniotic infection (14).  

1.2.1.2. Sterile IAI 

Sterile IAI is characterised by the presence of IAI in the absence of detectable 

microorganisms. The frequency of sterile IAI is about 5–29% in PPROM pregnancies, 

(14, 32) and is presented at a more advanced gestational age than those with intra-
amniotic infection but earlier than those without IAI (14).  

The mechanisms responsible for the induction of sterile IAI in PPROM pregnancies 
remain undetermined. More explored is the mechanism in the case of sterile IAI and 

preterm labour with intact membranes, where two possible ways are proposed: i) 

damage of foetal membranes leading to the release of alarmins into the amniotic fluid, 
(33, 34), ii) infection of the choriodecidual space, (35), or iii) combination of those two 

processes (36). 

1.2.1.3. Colonisation of the amniotic cavity 

The colonisation of the amniotic cavity represents a condition where a small amount of 
microorganisms with low virulent potential is present in amniotic fluid. This small 

amount of microorganism cannot activate the intra-amniotic innate immune response, 

and inflammatory markers are not elevated. The colonisation frequency is about 11% in 
PPROM pregnancies. 
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1.2.2. Methods to detect infection-related and inflammatory intra-amniotic 
complications in PPROM  

An examination of inflammatory markers in amniotic fluid, obtained by the 
amniocentesis, is being considered as a “gold standard“ for diagnosing intra-amniotic 

complications in PPROM pregnancies. However, technical difficulties connected with 

invasive procedure, leads research to identify some non-invasive markers of intra-
amniotic complications of PPROM. 

Historically, aerobic/anaerobic cultivation has been the first method to determine 
MIAC. Incorporating polymerase chain reaction (PCR)-based techniques that detect 

nucleic acids from bacteria in the process of MIAC detection dramatically improves 

sensitivity and can improve our detection of MIAC (20). 

An elevation of white blood cell count, concentrations of lactate and level of glucose in 

amniotic fluid were traditionally considered as markers of IAI. However, IL-6 in 
amniotic fluid has been shown to be superior to these markers (37, 38) but not inferior 

to modern proteomic amniotic fluid markers (39). Nevertheless, there is still an effort to 

identify novel potential amniotic fluid markers for the detection of infection-related and 
inflammatory intra-amniotic complications in PPROM. One of these potential markers 

might be the granzymes family, particularly extracellular granzyme A. 

Today, ultrasonography represents an inseparable part of prenatal care for the mother 

and foetus. Moreover, the development of modern ultrasound machines allows for very 

detailed observation of the foetus. Therefore, searching for the strong ultrasound marker 
of inflammatory intra-amniotic complications in PPROM pregnancies represents a 

logical step in researching these complications.  

The most promising results brought studies, focused on the changes in the splenic vein 

blood flow (40, 41), which is a part of the foetal portal system. These studies showing 

that the presence of pulsatile flow pattern in the splenic vein was associated with higher 
rates of acute inflammatory lesions in the placentas, higher concentrations of IL-6 in 

umbilical cord blood and risk of the subsequent development of early-onset neonatal 

sepsis independent of gestational age (40, 41). However, blood flow in the splenic vein 
was only assessed in a dichotomous manner, differentiating between the presence and 

absence of a pulsatile flow. Moreover, evaluation of other parts of the foetal portal 

system, and its relationship with inflammatory intra-amniotic complications, has not 
been performed. According to these facts, evaluation of the foetal portal system 

represents logical step in our effort to identify new ultrasound marker of these 

complications.  
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2. HYPOTHESIS OF THE THESIS 

The main hypotheses of this thesis were: 

1) the presence of IAI in pregnancies complicated by PPROM affects blood 

flow in the foetal portal system. 

2) intra-amniotic infection and sterile IAI in pregnancies with PPROM are 
associated with different concentrations of inflammatory mediators in 

amniotic fluid. 

3) the assessment of blood flow on the foetal portal system and concentration 
of inflammatory mediator in amniotic fluid has diagnostic value for 

predicting IAI or its phenotypes.  
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3. OBJECTIVE OF THE THESIS 

The main aims of this thesis were: i) to evaluate pulsatile index (PI) in selected parts of 

the foetal portal system regarding the presence or absence of IAI in females with 
PPROM, ii) to assess the concentration of thoroughly selected inflammatory mediator 

in amniotic fluid from PPROM pregnancies, and iii) to test their diagnostic indices to 

predict IAI (ultrasound markers) or the phenotypes of IAI (amniotic fluid marker). The 
specific aims were identified and selected to fulfil the main aims of the thesis and are 

enumerated below. 

Specific aims: 

1) To evaluate pulsatile index (PI) of the splenic vein, the main portal stem, the 

left portal vein, and the ductus venosus in the foetuses from PPROM 

pregnancies with respect to the presence or absence of IAI.  

2) To identify diagnostic indices of PI on the selected parts of the foetal portal 
system to predict IAI in females with PPROM.  

3) To measure the concentrations of granzyme A in amniotic fluid obtained by 

amniocentesis from PPROM pregnancies with respect to the presence of 
intra-amniotic infection and sterile IAI. 

4) To assess diagnostic indices of the concentration of granzyme A to predict 

intra-amniotic infection and sterile IAI in females with PPROM. 
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4. SET OF PATIENTS, METHODS AND STATISTICAL ANAYSIS 

4.1. DIAGNOSIS OF PPROM  

Diagnosis of PPROM was standardized for all aims of this thesis. PPROM was defined 

as leakage of amniotic fluid before the onset of labour and was diagnosed visually by 

using a sterile speculum examination to confirm the pooling of amniotic fluid in the 
vagina. In case of clinical doubt, PPROM was confirmed by the presence of insulin-like 

growth factor–binding protein (ACTIM PROM test; Medix Biochemica, Kauniainen, 

Finland) in the vaginal fluid.  

4.2. SPECIFIC AIMS 1 AND 2 

4.2.1. Patients 

A prospective study was conducted between October 2015 and August 2018. Females 
with singleton pregnancies complicated by PPROM at gestational ages ranging from 

24+0 to 36+6 weeks admitted to the Department of Obstetrics and Gynaecology, 

University Hospital in Ostrava and the Department of Obstetrics and Gynaecology, 
University Hospital in Hradec Kralove were recruited. Only females aged 18 years and 

above were eligible for the study. Gestational age was determined for all pregnancies 

based on first-trimester biometry. Females with hypertension, preeclampsia, gestational 
diabetes, gross vaginal bleeding, foetal growth restriction, or foetal structural or 

chromosomal abnormalities were excluded from the study. Foetal growth restriction was 

defined as an estimated foetal weight below the 10th percentile, accompanied by an 

umbilical artery PI  95th percentile and/or a middle cerebral artery PI  5th percentile, 

or as an estimated foetal weight below the 3rd percentile, regardless of umbilical and 

middle cerebral artery PI on Doppler flowmetry (42, 43). All the participants were 
Caucasian and provided written informed consent prior to inclusion in the study.  

4.2.2. Methods 

Ultrasound-guided, free-hand transabdominal amniocentesis was performed at the time 

of admission before administering corticosteroids, antibiotics, and tocolytics. 
Approximately 2-3 mL of amniotic fluid was aspirated. Concentrations of IL-6 in the 

fresh, unprocessed amniotic fluid samples were assessed using a Milenia QuickLine IL-

6 lateral flow immunoassay using a Milenia POCScan reader (Milenia Biotec, GmbH, 
Giessen, Germany) (44).  

Ultrasound examination was performed by one operator (RS) in the University Hospital, 
Ostrava using a GE VOLUSON E8 ultrasound machine (GE Healthcare, Milwaukee, 

WI) with 4–8 MHz curved transducer and one operator (IKM) in the University 

Hospital, Hradec Kralove using an EPIQ 7 ultrasound machine (Philips, Seattle, WA, 
USA) with 9-2 MHz and 5-2 MHz curved transducers. Ultrasound examination was 

performed at the time of admission or within 24 hours of admission before administering 

corticosteroids, antibiotics, and tocolytics. 

Spectral Doppler parameters were acquired in the absence of uterine contractions and 

during foetal quiescence. The angle of insonation was kept below 30o, the Doppler shift 
was corrected at non-zero angles, and the sample volume was adapted to the vessel size. 

PI was obtained automatically from at least a 1.5-second steady-state velocity profile. A 
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high-pass filter was set at 50 Hz. Mechanical and thermal indices did not exceed 1.0. 
The splenic vein was identified in an axial view of the foetal abdomen behind the 

stomach as a vessel leaving the splenic hilum and continuing into the portal vein and 

was evaluated close to the splenic hilum. The portal stem was assessed in an axial 
abdominal view at the point at which it divides into the left and right branches (45), and 

the left portal branch was assessed in an axial abdominal view at the extension of the 

umbilical vein after the branching site of the ductus venosus (46). The ductus venosus 
was evaluated in an oblique or mid-sagittal abdominal view at the isthmus (47). 

4.2.3. Statistical analysis 

The normality of the data was tested using the D’Agostino-Pearson omnibus normality 

test and the Shapiro-Wilk test. The maternal and neonatal characteristics were compared 
with the non-parametric Mann-Whitney U test for continuous variables and are 

presented as median values interquartile range (IQR) and with Fischer’s exact test for 

categorical variables and are presented as numbers (%). The comparison of vessel PI 
values was performed with the non-parametric Mann-Whitney U test, and Spearman’s 

partial correlation was used to adjust the results for gestational age at examination. The 

reproducibility of the measurements between operators was assessed by interobserver 
variations calculated with the interclass correlation. Differences were considered 

significant at p < 0.05. All p values were obtained using two-sided tests, and all 

statistical analyses were performed using GraphPad Prism 7.0 software for Mac OS X 
(GraphPad Software, San Diego, CA, USA) or the SPSS 19.0 statistical package for 

Mac OS X (SPSS Inc., Chicago, IL, USA). 

The receiver operation characteristic (ROC) curve was constructed to assess the 

predictive value of the splenic vein PI for the presence of IAI. The cut-off value was 

determined based on the Youden index. Statistical analyses were performed using 
GraphPad Prism 7.0 software for Mac OS X (GraphPad Software, San Diego, CA, 

USA). 

4.3. SPECIFIC AIMS 3 AND 4 

4.3.1. Patients 

A retrospective cohort study was performed in the Department of Obstetrics and 

Gynaecology of the University Hospital, Hradec Králové, between May 2014 and June 
2017. The inclusion criteria were: i) singleton pregnancies complicated by PPROM and 

ii) age ≥ 18 years. The exclusion criteria were: i) foetal growth restriction; ii) congenital 

or chromosomal foetal abnormalities; iii) gestational or pregestational diabetes; iv) 
gestational hypertension; v) preeclampsia; vi) signs of foetal hypoxia; vii) significant 

vaginal bleeding. All the participants were Caucasian and provided written informed 

consent prior to inclusion in the study.  

4.3.2. Methods 

Ultrasound-guided, free-hand transabdominal amniocentesis was performed at the time 

of admission before administering corticosteroids, antibiotics, and tocolytics. 

Approximately 2–3 mL of amniotic fluid was aspirated and divided into four tubes. The 
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first tube was used to evaluate IL-6 directly at the labour ward, while the second and 
third tubes were immediately sent to a microbiology laboratory to assess MIAC.  

Concentrations of IL-6 in the fresh, unprocessed amniotic fluid samples were assessed 
using a Milenia QuickLine IL-6 lateral flow immunoassay using a Milenia POCScan 

reader (Milenia Biotec, GmbH, Giessen, Germany) (44).  

Detection of microorganisms proceeded as follows: i) PCR analysis of Ureaplasma spp., 

Mycoplasma hominis, and Chlamydia trachomatis; ii) sequencing of the 16S rRNA 

gene; iii) aerobic and anaerobic cultivation. 

Concentrations of extracellular granzyme A in amniotic fluid were assessed by ELISA 

using the ELISA Kit for Granzyme A (GZMA) (Cloud-Clone Corp., Houston, TX) 
according to the manufacturer’s instructions.  

4.3.3. Statistical analysis 

The normality of the data was tested using the D’Agostino-Pearson omnibus normality 

test and the Shapiro-Wilk test. The demographic characteristics were compared by a 
non-parametric Kruskal-Wallis test for the continuous variables and chi-square test for 

the categorical variables and presented as a median (IQR) and numbers (%), 

respectively. Since levels of granzyme A in amniotic fluid were not normally 
distributed, the non-parametric Mann-Whitney U-test and Kruskal-Wallis tests were 

used for analyses, as appropriate. The Spearman partial correlation was used to adjust 

the results for gestational age at the sampling. The Spearman correlation was used to 
assess the association between amniotic fluid granzyme A levels and IL-6 levels and 

gestational age at the sampling. Differences were considered statistically significant at 

p < 0.05. All p-values were obtained from two-sided tests, and all statistical analyses 

were performed using GraphPad Prism 8.4.3 for Mac (GraphPad Software, San Diego, 

CA, USA). 

The ROC curve was constructed to assess the predictive value of extracellular granzyme 

A in amniotic fluid for the presence of IAI. The cut-off value was determined based on 

the Youden index. Statistical analyses were performed using GraphPad Prism 7.0 
software for Mac OS X (GraphPad Software, San Diego, CA, USA). 

4.4. CLINICAL DEFINITIONS  

MIAC was determined based on positive PCR analysis of Ureaplasma species, M. 

hominis, C trachomatis, a combination of these species, positivity for 16S rRNA assay, 
cultivation of microbes under aerobic/anaerobic from the amniotic fluid, or a 

combination of these parameters.  

IAI was defined as amniotic fluid IL-6 concentrations ≥ 745 pg/mL when IL-6 was 

measured using lateral flow-based immunoassay point-of-care test (48, 49). Intra-
amniotic infection was defined as the concurrent presence of MIAC and IAI.  Sterile IAI 

was defined as the presence of IAI without MIAC. The colonisation of the amniotic 

cavity was defined as the presence of MIAC without IAI. Negative amniotic fluid was 
defined as the absence of MIAC and IAI.  

 

  



13 

 

5. RESULTS 

5.1. SPECIFIC AIM 1  

5.1.1. Demographic and clinical characteristics of the study population 

Eighty-one singleton pregnant females were included in the analysis; 48% (39/81) and 
52% (42/81) of the participants were admitted and assessed at the Department of 

Obstetrics and Gynaecology, University Hospital of Ostrava and the Department of 

Obstetrics and Gynaecology, University Hospital of Hradec Kralove, respectively. All 
the participants underwent the assessment of PI on the splenic vein, the main portal stem, 

the left portal branch, and the ductus venosus. 

Doppler parameters were obtained from all foetuses, except for the left portal branch in 

one foetus from the pregnancy without IAI at the Hradec Kralove’s since the vessel 

could not be visualised appropriately.    

The presence of IAI was observed in 27% of the patients (22/81).  

The interobserver intraclass correlation coefficients for PI measurements, based on 10 

pairs of measurements for each vein, were 0.90 95% confidence interval (CI): 0.67-

0.98 for the splenic vein, 0.88 (95% CI: 0.62-0.97) for the portal stem, 0.80 (95% CI: 

0.15-0.95) for the left portal branch, and 0.89 (95% CI: 0.62-0.97) for the ductus 
venosus.  

5.1.2. The pulsatility degree of the splenic vein and IAI 

Foetuses from PPROM pregnancies with IAI had higher PI values in the splenic vein 

than those from pregnancies without IAI in crude analysis (with IAI: median 0.35, IQR: 

0.22-0.67 vs without IAI: median 0.24, IQR: 0.17-0.30 p = 0.003), as well as after the 

adjustment for gestational age at examination (p = 0.003).  

5.1.3. The pulsatility degree of the main portal stem and IAI 

No difference was identified in PI of the main portal stem between foetuses from 
PPROM pregnancies with and without IAI (with IAI: median 0.41, IQR 0.33-0.42 vs 

without IAI: median 0.35, IQR 0.25-0.42; p = 0.17). 

5.1.4. The pulsatility degree of the left portal vein and IAI 

No difference in PI of the left portal vein was observed between foetuses from PPROM 
pregnancies with and without IAI (with IAI: median 0.34, IQR 0.24-0.43 vs without 

IAI: median 0.32, IQR 0.25-0.44; p = 0.88). 

5.1.5. The pulsatility degree of the ductus venosus and IAI 

No difference in PI of the main portal stem was found between foetuses from PPROM 
pregnancies with and without IAI (with IAI: median 0.48, IQR 0.32-0.65 vs without 

IAI: median 0.46, IQR 0.37-0.59; p = 0.86). 
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5.2. SPECIFIC AIM 2  

A cut-off value of 0.36 was found to be an optimal PI of the splenic vein to predict IAI 

in females with PPROM with a sensitivity of 50% (11/22; 95% CI 31-69), specificity of 
93% (4/49; 95% CI 84-97), positive predictive value of 73% (11/15; 95% CI 48-89), 

negative predictive value of 83% (55/66; 95% CI 73-90), positive likelihood ratio of 7.4 

(95% CI 2.6-20.8), negative likelihood ratio of 0.5 (95% CI 0.4-0.8), odds ratio of 13.8 
(95% CI 3.5-43.6) and area under ROC curve of 0.72 (95% CI 0.56-0.87). 

5.3. SPECIFIC AIM 3  

5.3.1. Demographic and clinical characteristics of the study population 

One hundred and sixty-six females with PPROM between gestational ages 24+0 and 

33+6 weeks were included in this study. MIAC and IAI were reported in 30% (50/166) 

and 20% (33/166) of the patients, respectively. Intra-amniotic infection, sterile IAI, 
colonisation of the amniotic cavity, and negative amniotic fluid were identified in 15% 

(25/166), 5% (8/166), 15% (25/166), and 65% (108/166) of the participants, 

respectively.  

5.3.2. Extracellular granzyme A in amniotic fluid based on the presence of intra-

amniotic infection, sterile intra-amniotic inflammation, colonisation of the 

amniotic cavity and negative amniotic fluid 

A difference in the concentrations of extracellular granzyme A in the amniotic fluid was 
found among the participants with intra-amniotic infection, sterile IAI, colonisation and 

with negative amniotic fluid (intra-amniotic infection: median 15.6 pg/mL, IQR 7.5-

24.7; sterile IAI: median 31.8 pg/mL, IQR 25.5-46.0; colonisation of the amniotic 
cavity: median 16.9 pg/mL, IQR 6.5-31.1; negative amniotic fluid: median 18.8 pg/mL, 

IQR 12.3-28.7; p = 0.02). The patients with sterile IAI had higher concentrations of 

extracellular granzyme A in amniotic fluid than those with intra-amniotic infection, 
colonisation, and negative amniotic fluid in crude and adjusted analyses.  

5.3.3. Extracellular granzyme A in amniotic fluid and sterile IAI  

The participants with sterile IAI had higher concentrations of extracellular granzyme A 

in amniotic fluid than those without sterile IAI in crude analysis (with sterile IAI: 
median 31.8 pg/mL, IQR 25.5-46.0 vs without sterile IAI: median 18.0 pg/mL, IQR 

10.4-28.4; p = 0.006), as well as after the adjustment for gestational age at sampling (p 

= 0.002). 

5.4. SPECIFIC AIM 4  

A cut-off value of 33.4 pg/mL was found to be ideal to predicting sterile IAI in females 

with PPROM with sensitivity of 50% (4/8; 95% CI 22-79), specificity of 87% (137/158; 

95% CI 81-91), positive predictive value of 16% (4/25; 95% CI 6-35), negative 
predictive value of 97% (137/141; 95% CI 93-99), positive likelihood ratio of 3.8 (95% 

CI 1.7-8.4), negative likelihood ratio of 0.6 (95% CI 0.3-1.2), odds ratio of 6.5 (95% CI 

1.8-23.4) and area under ROC curve of 0.78 (95% CI 0.64-0.92; 
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6. DISCUSSION 

6.1. SPECIFIC AIMS 1 AND 2 

The main findings of these aims are as follows: 

1) foetuses from PPROM pregnancies complicated by IAI exhibited a higher 
pulsatility degree in the splenic vein than those from pregnancies without 

IAI  

2) no differences in the pulsatility degree between foetuses from PPROM 

pregnancies with and without IAI were observed in the main portal stem, left 

portal vein and ductus venosus; 

3) PI of the splenic vein cut-off value of 0.36 was optimal to non-invasively 

predict the presence of IAI in pregnancies complicated by PPROM. 

A range of different flow patterns is displayed in the foetal portal system in 

uncomplicated pregnancies. Continuous flow is dominant in the splenic vein at its 
origin, while monophasic pulsation is present in the portal stem in almost all foetuses 

(45, 50). The left portal branch exhibits a continuum from continuous flow through 

monophasic to biphasic pulsation, with pulsatile patterns as predominant types (46). It 
has been accepted that two different sources of pulsation are involved in the origin of 

the pulsatile flow patterns in this part of the foetal circulation. The adjacent hepatic 

artery is considered a probable source of pulsation observed in the portal stem, while 
pulsation in the left portal branch reflects the transmission of the pulse wave from the 

ductus venosus (45, 51). 

A higher pulsatility degree in the splenic vein was observed when IAI was present in 

this study. The increased pulsatility degree in the splenic vein agrees with the previously 

reported appearance of pulsatile flow in this foetal vessel in pregnancies complicated by 
acute histological chorioamnionitis and funisitis. However, the flow was only previously 

assessed qualitatively, distinguishing between two dichotomous variables, i.e., 

continuous and pulsatile flow patterns (40). The flow of all examined veins was 
quantified by calculating PI to accurately determine the pulsatility degree within the 

range from continuous flow through mild to marked pulsations. 

In terms of pulsatility degree in the portal stem, the result did not follow our expectation, 

based on our previous study (52). The absence of difference in PI in the portal stem in 

foetuses from pregnancies with IAI may be explained by the fact that the splenic vein 

represents only one of its three affluent branches. Therefore, these gentle changes in PI 

in the splenic vein can be overlapped in the portal stem flow after the junction of all 

three vessels.  

From the pathophysiology point of view, the absence of differences in the pulsatility 

degree in the left portal branch and the ductus venosus is important. The ductus venosus 
enables the transmission of hemodynamic alterations of the precordial venous system 

into the left portal branch. This phenomenon has been previously demonstrated by an 

increasing pulsatility degree and even by the appearance of flow reversal in the left 
portal branch when severe foetal compromise associated with growth restriction or non-
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immune hydrops was present (51). The retrograde transmission of increased pulsatility 
degree from the left portal branch into other parts of the foetal portal system has not 

been reported. However, the possible interference of this hemodynamic alteration with 

the flow in other parts of the foetal portal system up to the level of the splenic vein might 
be expected. Based on the evidence for foetal cardiac dysfunction in the foetal 

inflammatory response, the potential influence of hemodynamic changes in precordial 

veins had been considered (53). However, the absence of differences between groups in 
the pulsatility degree in the left portal branch and the ductus venosus excluded this 

mechanism and supported a local cause for an increase in the pulsatility degree affecting 

only the foetal splenic vein and portal stem in IAI.  

Although the spleen and liver are among the organs involved in the foetal inflammatory 

response, there is a lack of knowledge about hemodynamic changes in these organs 
during IAI; we can only hypothesise about the mechanism of our findings (54, 55). 

Changes in the splenic circulation induced by sepsis were described in an adult animal 

model (56, 57). Endotoxemia modifies the pre- and post-capillary vascular tone in the 
spleen, increases hydrostatic pressure in the splenic capillaries, and leads to fluid 

extravasation (58, 59). The extravasated fluid accumulates in the connective tissue 

surrounding the splenic vascular arcade. This might increase the stiffness of this tissue 
and might consequently decrease the splenic vein compliance, in turn contributing to an 

increase in the pulsatility degree (60, 61). Nevertheless, in addition to changes in 

mechanical vascular properties, the low vascular cross-sectional area is the most crucial 
factor contributing to an increase in the pulsatility degree. Thus, the small diameter of 

the splenic vein might have significantly contributed to our findings (61).  

In this study, the diagnostic indices of the PI on the splenic vein to predict IAI was 

assessed. The cut-off value of 0.36 was identified as optimal with excellent specificity 

and a very good negative predictive value. Consequently, this cut-off value after a proper 
validation on the independent cohort of females with PPROM might be a non-invasive 

ultrasound tool to stratify PPROM pregnancies in the subsets with and without risk of 

IAI with a goal to reduce the number of transabdominal amniocenteses required for the 
detection of IAI. 

6.2. SPECIFIC AIMS 3 AND 4 

The main findings of these aims are as follows: 

1) extracellular granzyme A is a constituent of amniotic fluid from PPROM 

pregnancies; 

2) amniotic fluid concentrations of extracellular granzyme A are diminished 

when MIAC is present; 

3) amniotic fluid concentrations of extracellular granzyme A are elevated when 

sterile IAI is present;  

4) amniotic fluid extracellular granzyme A cut-off value of 33.4 is optimal to 

predict sterile IAI in females with PPROM; 
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5) amniotic fluid concentrations of extracellular granzyme A and IL-6 do not 
correlate. 

IAI and/or intra-amniotic infection have been shown to be associated with a higher 
number of B and T lymphocytes and natural killer cells in amniotic fluid (62-64). 

Cytotoxic subsets of T lymphocytes and natural killer cells, the immunocompetent cells 

playing an important role in defence against virally infected and tumour cells, express a 
family of homologous serine proteases called granzymes, consisting of five members 

(A, B, H, K, and M) (65, 66).  

Extracellular granzyme A has been identified in plasma/serum circulation (67-78), as 

well as in the local body fluid (75, 79-81). In this study, extracellular granzyme A was 

assessed in the samples of amniotic fluid obtained from singleton pregnancies 
complicated by PPROM between gestational ages 24 and 36 weeks. Extracellular 

granzyme A was measurable in all samples. The exact source of extracellular granzyme 

A in amniotic fluid is not clear. It is likely that immunocompetent cells in amniotic fluid, 
mainly T lymphocytes and natural killer cells, are an important source of extracellular 

granzyme. However, it can be hypothesised that various sources contribute (e.g. the 

placenta, the foetal membranes) to the presence of extracellular granzyme A in amniotic 
fluid due to the following reasons: i) regardless of the fact that a number of T cells and 

natural killers cells is the highest between gestational 15-30 and decreases toward the 

term (63), no correlation between extracellular granzyme A in amniotic fluid and 
gestational age at sampling was found; ii) intra-amniotic infection is associated with the 

elevation of the numbers of all amniotic fluid immunocompetent cells (except innate 

lymphoid cells) (63) but females with intra-amniotic infection did not have different 
levels of extracellular granzyme A in amniotic fluid than those without either MIAC or 

IAI; iii) MIAC in PPROM is associated with higher numbers of total T cells, CD4+ T 

cells, CD8+ T cells, neutrophils, and monocytes/macrophages (82) but females with 
MIAC did not have higher concentrations of extracellular granzyme A levels; iv) 

granzyme B and K positive cells were found in the human placentas with and without 

villitis unknown aetiology (83); and v) granzymes B positive cells were found in the 
normal placentas from the first trimester of the pregnancy (84). Collectively, the 

information above provides indirect evidence that the placenta and/or the foetal 

membranes should contribute to the production of extracellular granzyme A in amniotic 
fluid.  

The frequency of sterile IAI condition represents between 5% and 29% of PPROM 
pregnancies (14, 32). The underlying pathology leading to the development of sterile 

IAI has yet to be understood; however, two main mechanisms (or their combination) are 

considered: i) damage of the foetal membranes that leads to the release of endogenous 

molecules (alarmins) into amniotic fluid with a subsequent inflammatory response 

through the system of the pattern recognition receptors (32, 85, 86); ii) infection in 

amniochorial niche triggering the release of the inflammatory mediators from the foetal 
membranes into the amniotic fluid (35). Sterile IAI in pregnancies is usually associated 

with a milder intensity of intra-amniotic inflammatory response than intra-amniotic 

infection in terms of lower levels of inflammatory mediators (14, 32) and lower numbers 
of immunocompetent cells (87) in amniotic fluid.  
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In this thesis, a subset of participants with sterile IAI had higher concentrations of 
extracellular granzyme A in amniotic fluid than the remaining participants. Even higher 

than participants with intra-amniotic infection. This observation further supports the 

hypothesis that the placenta or foetal membranes contribute intensively to the 
extracellular concentrations of granzyme A in amniotic fluid.  

This thesis brings a piece of new information that a cut-off value of 33.4 pg/mL can be 
used as an optimal tool for predicting sterile IAI in females with PPROM pregnancies. 

Especially its negative predictive value of 97% can be used routinely to distinguish 

between sterile IAI and intra-amniotic infection. On the other hand, the finding that 
sterile IAI is related to the highest concentrations of extracellular granzyme A in 

amniotic fluid should be taken with caution, owing to the small sample size of this subset 

of females.  
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7. CONCLUSION 

 

7.1. SPECIFIC AIM 1 

IAI was associated with increased pulsatility degree in the splenic vein in PPROM. The 
absence of differences in the pulsatility degree in the left portal branch, ductus venosus 

and portal stem between pregnancies with and without IAI excludes the transmission of 

hemodynamic changes from the precordial venous system and supports a local cause of 
the findings mentioned above.  

 

7.2. SPECIFIC AIM 2 

PI of the splenic vein of 0.36 was identified as optimal for predicting IAI in pregnancies 

complicated by PPROM. 

 

7.3. SPECIFIC AIM 3  

Extracellular granzyme A is a constituent of amniotic fluid in singleton pregnancies with 

PPROM between gestational ages 24 and 36 weeks. Concentrations of amniotic fluid 
extracellular granzyme A are elevated in the presence of sterile IAI. Concentrations of 

amniotic fluid extracellular granzyme A are comparable among the subsets of 

participants with intra-amniotic infection, colonisation of the amniotic cavity and 
negative amniotic fluid. 

 

7.4. SPECIFIC AIM 4 

The concentration of amniotic fluid extracellular granzyme A of 33.4 pg/mL was found 

to be optimal for predicting sterile IAI in females with PPROM pregnancies. 

 

 

 

 
 

 

 
 

 

 
 

 



20 

 

8. REFERENCES 

 

1. The prevention of perinatal mortality and morbidity. Report of a WHO Expert 

Committee. World Health Organ Tech Rep Ser. 1970;457:1-60. 
 

2. Harrison MS, Goldenberg RL. Global burden of prematurity. Semin Fetal Neonatal 

Med. 2016;21(2):74-9. 
 

3. Johanzon M, Odesjo H, Jacobsson B, Sandberg K, Wennerholm UB. Extreme preterm 

birth: onset of delivery and its effect on infant survival and morbidity. Obstetrics and 
gynecology. 2008;111(1):42-50. 

 

4. Huddy CL, Johnson A, Hope PL. Educational and behavioural problems in babies of 
32-35 weeks gestation. Arch Dis Child Fetal Neonatal Ed. 2001;85(1):F23-8. 

 

5. Mwaniki MK, Atieno M, Lawn JE, Newton CR. Long-term neurodevelopmental 
outcomes after intrauterine and neonatal insults: a systematic review. Lancet. 

2012;379(9814):445-52. 

 
6. Locatelli A, Ghidini A, Paterlini G, Patanè L, Doria V, Zorloni C, et al. Gestational 

age at preterm premature rupture of membranes: a risk factor for neonatal white matter 

damage. Am J Obstet Gynecol. 2005;193(3 Pt 2):947-51. 
 

7. Rodriguez-Trujillo A, Cobo T, Vives I, Bosch J, Kacerovsky M, Posadas DE, et al. 

Gestational age is more important for short-term neonatal outcome than microbial 
invasion of the amniotic cavity or intra-amniotic inflammation in preterm prelabor 

rupture of membranes. Acta obstetricia et gynecologica Scandinavica. 2016;95(8):926-

33. 
 

8. Romero R, Dey SK, Fisher SJ. Preterm labor: one syndrome, many causes. Science. 

2014;345(6198):760-5. 
 

9. Moutquin JM. Classification and heterogeneity of preterm birth. BJOG : an 

international journal of obstetrics and gynaecology. 2003;110 Suppl 20:30-3. 
 

10. Goldenberg RL, Culhane JF, Iams JD, Romero R. Epidemiology and causes of 

preterm birth. Lancet. 2008;371(9606):75-84. 
 

11. Chang HH, Larson J, Blencowe H, Spong CY, Howson CP, Cairns-Smith S, et al. 

Preventing preterm births: analysis of trends and potential reductions with interventions 
in 39 countries with very high human development index. Lancet. 2013;381(9862):223-

34. 

 
12. Simhan HN, Canavan TP. Preterm premature rupture of membranes: diagnosis, 

evaluation and management strategies. BJOG. 2005;112 Suppl 1:32-7. 

 
13. Canavan TP, Simhan HN, Caritis S. An evidence-based approach to the evaluation 

and treatment of premature rupture of membranes: Part I. Obstet Gynecol Surv. 

2004;59(9):669-77. 



21 

 

14. Romero R, Miranda J, Chaemsaithong P, Chaiworapongsa T, Kusanovic JP, Dong 
Z, et al. Sterile and microbial-associated intra-amniotic inflammation in preterm 

prelabor rupture of membranes. J Matern Fetal Neona. 2015;28(12):1394-409. 

 
15. Buchanan S, Crowther C, Morris J. Preterm prelabour rupture of the membranes: a 

survey of current practice. Aust N Z J Obstet Gynaecol. 2004;44(5):400-3. 

 
16. Musilova I, Andrys C, Drahosova M, Soucek O, Stepan M, Bestvina T, et al. 

Intraamniotic inflammation and umbilical cord blood interleukin-6 concentrations in 

pregnancies complicated by preterm prelabor rupture of membranes. J Matern Fetal 
Neonatal Med. 2017;30(8):900-10. 

 

17. Archabald KL, Buhimschi IA, Bahtiyar MO, Dulay AT, Abdel-Razeq SS, Pettker 
CM, et al. Limiting the Exposure of Select Fetuses to Intrauterine 

Infection/Inflammation Improves Short-Term Neonatal Outcomes in Preterm Premature 

Rupture of Membranes. Fetal Diagn Ther. 2017;42(2):99-110. 
 

18. Romero R, Gotsch F, Pineles B, Kusanovic JP. Inflammation in pregnancy: its roles 

in reproductive physiology, obstetrical complications, and fetal injury. Nutr Rev. 
2007;65(12 Pt 2):S194-202. 

 

19. Jacobsson B, Mattsby-Baltzer I, Andersch B, Bokström H, Holst RM, Nikolaitchouk 
N, et al. Microbial invasion and cytokine response in amniotic fluid in a Swedish 

population of women with preterm prelabor rupture of membranes. Acta Obstet Gynecol 

Scand. 2003;82(5):423-31. 
 

20. Romero R, Miranda J, Chaiworapongsa T, Chaemsaithong P, Gotsch F, Dong Z, et 

al. A novel molecular microbiologic technique for the rapid diagnosis of microbial 
invasion of the amniotic cavity and intra-amniotic infection in preterm labor with intact 

membranes. Am J Reprod Immunol. 2014;71(4):330-58. 

 
21. Yoon BH, Romero R, Park JS, Chang JW, Kim YA, Kim JC, et al. Microbial 

invasion of the amniotic cavity with Ureaplasma urealyticum is associated with a robust 

host response in fetal, amniotic, and maternal compartments. Am J Obstet Gynecol. 
1998;179(5):1254-60. 

 

22. Kacerovsky M, Musilova I, Khatibi A, Skogstrand K, Hougaard DM, Tambor V, et 
al. Intraamniotic inflammatory response to bacteria: analysis of multiple amniotic fluid 

proteins in women with preterm prelabor rupture of membranes. J Maternal Fetal Neonat 

Med. 2012;25(10):2014-9. 
 

23. DiGiulio DB, Romero R, Kusanovic JP, Gómez R, Kim CJ, Seok KS, et al. 

Prevalence and diversity of microbes in the amniotic fluid, the fetal inflammatory 
response, and pregnancy outcome in women with preterm pre-labor rupture of 

membranes. Am J Reprod Immunol. 2010;64(1):38-57. 

 
24. Takeda K, Akira S. Toll-like receptors. Curr Protoc Immunol. 2015;109:14.2.1-.2.0. 

 



22 

 

25. Green ES, Arck PC. Pathogenesis of preterm birth: bidirectional inflammation in 
mother and fetus. Semin Immunopathol. 2020;42(4):413-29. 

 

26. Romero R, Quintero R, Oyarzun E, Wu YK, Sabo V, Mazor M, et al. Intraamniotic 
infection and the onset of labor in preterm premature rupture of the membranes. Am J 

Obstet Gynecol. 1988;159(3):661-6. 

 
27. Dudley J, Malcolm G, Ellwood D. Amniocentesis in the management of preterm 

premature rupture of the membranes. Aust N Z J Obstet Gynaecol. 1991;31(4):331-6. 

 
28. Romero R, Miranda J, Chaiworapongsa T, Korzeniewski SJ, Chaemsaithong P, 

Gotsch F, et al. Prevalence and clinical significance of sterile intra-amniotic 

inflammation in patients with preterm labor and intact membranes. Am J Reprod 
Immunol. 2014;72(5):458-74. 

 

29. Romero R, Grivel JC, Tarca AL, Chaemsaithong P, Xu Z, Fitzgerald W, et al. 
Evidence of perturbations of the cytokine network in preterm labor. Am J Obstet 

Gynecol. 2015;213(6):836.e1-.e18. 

 
30. Kacerovsky M, Pliskova L, Bolehovska R, Skogstrand K, Hougaard DM, Tsiartas 

P, et al. The impact of the microbial load of genital mycoplasmas and gestational age on 

the intensity of intraamniotic inflammation. Am J Obstet Gynecol. 2012;206(4):342.e1-
8. 

 

31. Kacerovsky M, Pliskova L, Bolehovska R, Musilova I, Hornychova H, Tambor V, 
et al. The microbial load with genital mycoplasmas correlates with the degree of 

histologic chorioamnionitis in preterm PROM. Am J Obstet Gynecol. 2011;205(3):213 

e1-7. 
 

32. Musilova I, Kutova R, Pliskova L, Stepan M, Menon R, Jacobsson B, et al. 

Intraamniotic Inflammation in Women with Preterm Prelabor Rupture of Membranes. 
PLoS One. 2015;10(7):e0133929. 

 

33. Bredeson S, Papaconstantinou J, Deford JH, Kechichian T, Syed TA, Saade GR, et 
al. HMGB1 promotes a p38MAPK associated non-infectious inflammatory response 

pathway in human fetal membranes. PloS one. 2014;9(12):e113799. 

 
34. Romero R, Chaiworapongsa T, Alpay Savasan Z, Xu Y, Hussein Y, Dong Z, et al. 

Damage-associated molecular patterns (DAMPs) in preterm labor with intact 

membranes and preterm PROM: a study of the alarmin HMGB1. J Matern Fetal 
Neonatal Med. 2011;24(12):1444-55. 

 

35. Jacobsson B, Mattsby-Baltzer I, Hagberg H. Interleukin-6 and interleukin-8 in 
cervical and amniotic fluid: relationship to microbial invasion of the chorioamniotic 

membranes. BJOG. 2005;112(6):719-24. 

 
36. Kacerovsky M, Romero R, Stepan M, Stranik J, Maly J, Pliskova L, et al. Antibiotic 

administration reduces the rate of intraamniotic inflammation in preterm prelabor 

rupture of the membranes. Am J Obstet Gynecol. 2020;223(1):114.e1-.e20. 



23 

 

37. Hussey MJ, Levy ES, Pombar X, Meyer P, Strassner HT. Evaluating rapid diagnostic 
tests of intra-amniotic infection: Gram stain, amniotic fluid glucose level, and amniotic 

fluid to serum glucose level ratio. Am J Obstet Gynecol. 1998;179(3 Pt 1):650-6. 

 
38. Kirshon B, Rosenfeld B, Mari G, Belfort M. Amniotic fluid glucose and 

intraamniotic infection. Am J Obstet Gynecol. 1991;164(3):818-20. 

 
39. Romero R, Kadar N, Miranda J, Korzeniewski SJ, Schwartz AG, Chaemsaithong P, 

et al. The diagnostic performance of the Mass Restricted (MR) score in the identification 

of microbial invasion of the amniotic cavity or intra-amniotic inflammation is not 
superior to amniotic fluid interleukin-6. J Matern Fetal Neonatal Med. 2014;27(8):757-

69. 

 
40. Musilova I, Kacerovsky M, Hornychova H, Kostal M, Jacobsson B. Pulsation of the 

fetal splenic vein--a potential ultrasound marker of histological chorioamnionitis and 

funisitis in women with preterm prelabor rupture of membranes. Acta Obstet Gynecol 
Scand. 2012;91(9):1119-23. 

 

41. Musilova I, Kacerovsky M, Andrys C, Kostal M, Slaba K, Jacobsson B. The fetal 
splenic vein flow pattern and fetal inflammatory response in the preterm prelabor 

rupture of membranes. J Matern Fetal Neonatal Med. 2014;27(8):770-4. 

 
42. Kiserud T, Piaggio G, Carroli G, Widmer M, Carvalho J, Neerup Jensen L, et al. 

The World Health Organization Fetal Growth Charts: A Multinational Longitudinal 

Study of Ultrasound Biometric Measurements and Estimated Fetal Weight. PLoS Med. 
2017;14(1):e1002220. 

 

43. Parra-Cordero M, Lees C, Missfelder-Lobos H, Seed P, Harris C. Fetal arterial and 
venous Doppler pulsatility index and time averaged velocity ranges. Prenat Diagn. 

2007;27(13):1251-7. 

 
44. Kacerovsky M, Musilova I, Hornychova H, Kutova R, Pliskova L, Kostal M, et al. 

Bedside assessment of amniotic fluid interleukin-6 in preterm prelabor rupture of 

membranes. Am J Obstet Gynecol. 2014;211(4):385 e1-9. 
 

45. Kessler J, Rasmussen S, Kiserud T. The fetal portal vein: normal blood flow 

development during the second half of human pregnancy. Ultrasound Obstet Gynecol. 
2007;30(1):52-60. 

 

46. Kessler J, Rasmussen S, Kiserud T. The left portal vein as an indicator of watershed 
in the fetal circulation: development during the second half of pregnancy and a 

suggested method of evaluation. Ultrasound Obstet Gynecol. 2007;30(5):757-64. 

 
47. Kessler J, Rasmussen S, Hanson M, Kiserud T. Longitudinal reference ranges for 

ductus venosus flow velocities and waveform indices. Ultrasound Obstet Gynecol.  

2006;28(7):890-8. 
 

48. Chaemsaithong P, Romero R, Korzeniewski SJ, Martinez-Varea A, Dong Z, Yoon 

BH, et al. A rapid interleukin-6 bedside test for the identification of intra-amniotic 



24 

 

inflammation in preterm labor with intact membranes. J Matern Fetal Neonatal Med. 
2016;29(3):349-59. 

 

49. Chaemsaithong P, Romero R, Korzeniewski SJ, Martinez-Varea A, Dong Z, Yoon 
BH, et al. A point of care test for interleukin-6 in amniotic fluid in preterm prelabor 

rupture of membranes: a step toward the early treatment of acute intra-amniotic 

inflammation/infection. J Matern Fetal Neonatal Med. 2016;29(3):360-7. 
 

50. Mari G, Uerpairojkit B, Copel JA. Abdominal venous system in the normal fetus. 

Obstet Gynecol. 1995;86(5):729-33. 
 

51. Kiserud T, Kilavuz O, Hellevik LR. Venous pulsation in the fetal left portal branch: 

the effect of pulse and flow direction. Ultrasound Obstet Gynecol. 2003;21(4):359-64. 
 

52. Musilova I, Spacek R, Stranik J, Jacobsson B, Kacerovsky M. Fetal Portal System 

Flowmetry and Intra-Amniotic Inflammation in Preterm Prelabor Rupture of 
Membranes. Fetal Diagn Ther. 2019;46(5):323-32. 

 

53. Romero R, Espinoza J, Goncalves LF, Gomez R, Medina L, Silva M, et al. Fetal 
cardiac dysfunction in preterm premature rupture of membranes. J Matern Fetal 

Neonatal Med. 2004;16(3):146-57. 

 
54. Kuypers E, Willems MG, Jellema RK, Kemp MW, Newnham JP, Delhaas T, et al. 

Responses of the spleen to intraamniotic lipopolysaccharide exposure in fetal sheep. 

Pediatr Res. 2015;77(1-1):29-35. 
 

55. Pereira LH, Machado JR, Olegario JG, Rocha LP, Silva MV, Guimaraes CS, et al. 

Interleukin-6 and C-reactive protein are overexpressed in the liver of perinatal deaths 
diagnosed with fetal inflammatory response syndrome. Dis Markers. 

2014;2014:252780. 

 
56. Andrew P, Deng Y, Kaufman S. Fluid extravasation from spleen reduces blood 

volume in endotoxemia. Am J Physiol Regul Integr Comp Physiol. 2000;278(1):R60-5. 

57. Andrew PS, Kaufman S. Splenic denervation worsens lipopolysaccharide-induced 
hypotension, hemoconcentration, and hypovolemia. Am J Physiol Regul Integr Comp 

Physiol. 2001;280(5):R1564-72. 

 
58. Sultanian R, Deng Y, Kaufman S. Atrial natriuretic factor increases splenic 

microvascular pressure and fluid extravasation in the rat. J Physiol. 2001;533(Pt 1):273-

80. 
 

59. Brookes ZL, Kaufman S. Effects of atrial natriuretic peptide on the extrasplenic 

microvasculature and lymphatics in the rat in vivo. J Physiol. 2005;565(Pt 1):269-77. 
 

60. Hamza SM, Kaufman S. Role of spleen in integrated control of splanchnic vascular 

tone: physiology and pathophysiology. Can J Physiol Pharmacol. 2009;87(1):1-7. 
 

61. Hellevik LR, Stergiopulos N, Kiserud T, Rabben SI, Eik-Nes SH, Irgens F. A 

mathematical model of umbilical venous pulsation. J Biomech. 2000;33(9):1123-30. 



25 

 

62. Galaz J, Romero R, Slutsky R, Xu Y, Motomura K, Para R, et al. Cellular immune 
responses in amniotic fluid of women with preterm prelabor rupture of membranes. 

Journal of perinatal medicine. 2020. 

 
63. Gomez-Lopez N, Romero R, Xu Y, Miller D, Leng Y, Panaitescu B, et al. The 

immunophenotype of amniotic fluid leukocytes in normal and complicated pregnancies. 

Am J Reprod Immunol. 2018;79(4):e12827. 
 

64. Gomez-Lopez N, Romero R, Galaz J, Xu Y, Panaitescu B, Slutsky R, et al. Cellular 

immune responses in amniotic fluid of women with preterm labor and intra-amniotic 
infection or intra-amniotic inflammation. Am J Reprod Immunol. 2019;82(5):e13171. 

 

65. Bleackley RC, Lobe CG, Duggan B, Ehrman N, Fregeau C, Meier M, et al. The 
isolation and characterization of a family of serine protease genes expressed in activated 

cytotoxic T lymphocytes. Immunological reviews. 1988;103:5-19. 

 
66. Jenne DE, Tschopp J. Granzymes, a family of serine proteases released from 

granules of cytolytic T lymphocytes upon T cell receptor stimulation. Immunological 

reviews. 1988;103:53-71. 
 

67. de Jong HK, Garcia-Laorden MI, Hoogendijk AJ, Parry CM, Maude RR, Dondorp 

AM, et al. Expression of intra- and extracellular granzymes in patients with typhoid 
fever. PLoS Negl Trop Dis. 2017;11(7):e0005823. 

 

68. Guggino G, Orlando V, Cutrera S, La Manna MP, Di Liberto D, Vanini V, et al. 
Granzyme A as a potential biomarker of Mycobacterium tuberculosis infection and 

disease. Immunol Lett. 2015;166(2):87-91. 

 
69. Garcia-Laorden MI, Blok DC, Kager LM, Hoogendijk AJ, van Mierlo GJ, Lede IO, 

et al. Increased intra- and extracellular granzyme expression in patients with 

tuberculosis. Tuberculosis (Edinb). 2015;95(5):575-80. 
 

70. van den Boogaard FE, van Gisbergen KP, Vernooy JH, Medema JP, Roelofs JJ, van 

Zoelen MA, et al. Granzyme A impairs host defense during Streptococcus pneumoniae 
pneumonia. Am J Physiol Lung Cell Mol Physiol. 2016;311(2):L507-16. 

 

71. Bem RA, Bos AP, Bots M, Wolbink AM, van Ham SM, Medema JP, et al. Activation 
of the granzyme pathway in children with severe respiratory syncytial virus infection. 

Pediatr Res. 2008;63(6):650-5. 

 
72. Wilson JA, Prow NA, Schroder WA, Ellis JJ, Cumming HE, Gearing LJ, et al. RNA-

Seq analysis of chikungunya virus infection and identification of granzyme A as a major 

promoter of arthritic inflammation. PLoS Pathog. 2017;13(2):e1006155. 
 

73. Schanoski AS, Le TT, Kaiserman D, Rowe C, Prow NA, Barboza DD, et al. 

Granzyme A in Chikungunya and Other Arboviral Infections. Front Immunol. 
2019;10:3083. 

 



26 

 

74. Hermsen CC, Konijnenberg Y, Mulder L, Loe C, van Deuren M, van der Meer JW, 
et al. Circulating concentrations of soluble granzyme A and B increase during natural 

and experimental Plasmodium falciparum infections. Clin Exp Immunol. 

2003;132(3):467-72. 
 

75. Proklou A, Soulitzis N, Neofytou E, Rovina N, Zervas E, Gaga M, et al. Granule 

cytotoxic activity and oxidative DNA damage in smoking and nonsmoking patients with 
asthma. Chest. 2013;144(4):1230-7. 

 

76. Bade B, Lohrmann J, ten Brinke A, Wolbink AM, Wolbink GJ, ten Berge IJ, et al. 
Detection of soluble human granzyme K in vitro and in vivo. Eur J Immunol. 

2005;35(10):2940-8. 

 
77. Accardo-Palumbo A, Ferrante A, Cadelo M, Ciccia F, Parrinello G, Lipari L, et al. 

The level of soluble Granzyme A is elevated in the plasma and in the Vgamma9/Vdelta2 

T cell culture supernatants of patients with active Behcet's disease. Clin Exp Rheumatol. 
2004;22(4 Suppl 34):S45-9. 

 

78. Zeerleder S, Hack CE, Caliezi C, van Mierlo G, Eerenberg-Belmer A, Wolbink A, 
et al. Activated cytotoxic T cells and NK cells in severe sepsis and septic shock and their 

role in multiple organ dysfunction. Clin Immunol. 2005;116(2):158-65. 

 
79. Kummer JA, Tak PP, Brinkman BM, van Tilborg AA, Kamp AM, Verweij CL, et 

al. Expression of granzymes A and B in synovial tissue from patients with rheumatoid 

arthritis and osteoarthritis. Clin Immunol Immunopathol. 1994;73(1):88-95. 
 

80. Tremblay GM, Wolbink AM, Cormier Y, Hack CE. Granzyme activity in the 

inflamed lung is not controlled by endogenous serine proteinase inhibitors. J Immunol. 
2000;165(7):3966-9. 

 

81. Vernooy JH, Moller GM, van Suylen RJ, van Spijk MP, Cloots RH, Hoet PH, et al. 
Increased granzyme A expression in type II pneumocytes of patients with severe chronic 

obstructive pulmonary disease. Am J Respir Crit Care Med. 2007;175(5):464-72. 

 
82. Galaz J, Romero R, Slutsky R, Xu Y, Motomura K, Para R, et al. Cellular immune 

responses in amniotic fluid of women with preterm prelabor rupture of membranes. J 

Perinat Med. 2020;48(3):222-33. 
 

83. Ito Y, Matsuoka K, Uesato T, Sago H, Okamoto A, Nakazawa A, et al. Increased 

expression of perforin, granzyme B, and C5b-9 in villitis of unknown etiology. Placenta. 
2015;36(5):531-7. 

 

84. Nagymanyoki Z, Callahan MJ, Parast MM, Fulop V, Mok SC, Berkowitz RS. 
Immune cell profiling in normal pregnancy, partial and complete molar pregnancy. 

Gynecol Oncol. 2007;107(2):292-7. 

 
85. Friel LA, Romero R, Edwin S, Nien JK, Gomez R, Chaiworapongsa T, et al. The 

calcium binding protein, S100B, is increased in the amniotic fluid of women with intra-



27 

 

amniotic infection/inflammation and preterm labor with intact or ruptured membranes. 
J Perinat Med. 2007;35(5):385-93. 

 

86. Kim KW, Romero R, Park HS, Park CW, Shim SS, Jun JK, et al. A rapid matrix 
metalloproteinase-8 bedside test for the detection of intraamniotic inflammation in 

women with preterm premature rupture of membranes. Am J Obstet Gynecol. 

2007;197(3):292 e1-5. 
 

87. Gomez-Lopez N, Romero R, Galaz J, Xu Y, Panaitescu B, Slutsky R, et al. Cellular 

immune responses in amniotic fluid of women with preterm labor and intra-amniotic 
infection or intra-amniotic inflammation. Am J Reprod Immunol. 2019;82(5):e13171. 

  



28 

 

9.   PUBLICATIONS AND LECTURES 

9.1 ORIGINAL SCIENTIFIC PAPERS PUBLISHED IN THE JOURNALS WITH 

IMPACT FACTOR  

1. Spacek R, Musilova I, Andrys C, Soucek O, Burckova H, Pavlicek J, et al. 

Extracellular granzyme A in amniotic fluid is elevated in the presence of sterile intra-

amniotic inflammation in preterm prelabor rupture of membranes. J Matern Fetal 
Neonatal Med. [IF2020 2.398].  2020:1-10. PMID: 32912008.  

2. Musilova I, Spacek R, Stranik J, Jacobsson B, Kacerovsky M. Fetal Portal System 

Flowmetry and Intra-Amniotic Inflammation in Preterm Prelabor Rupture of 
Membranes. Fetal Diagn Ther. [IF2019 2.095]. 2019;46(5):323-32. PMID: 30889602.  

3. Matulova J, Kacerovsky M, Hornychova H, Stranik J, Mls J, Spacek R, et al. Acute 

Histological Chorioamnionitis and Birth Weight in Pregnancies With Preterm Prelabor 
Rupture of Membranes: A Retrospective Cohort Study. Front Pharmacol. [IF2021 5,988] 
2022;13:861785. PMID: 35308217.  

4. Kacerovsky M, Matulova J, Andrys C, Mls J, Hornychova H, Kukla R, Spacek R et 
al. Preterm prelabor rupture of membranes without microbial invasion of the amniotic 

cavity and intra-amniotic inflammation: a heterogeneous group with differences in 

adverse outcomes. J Matern Fetal Neonatal Med. [IF2021 2.323]. 2021:1-12. PMID: 
34918985.  

5. Pavlicek J, Klaskova E, Kapralova S, Palatova AM, Piegzova A, Spacek R, et al. 

Major heart defects: the diagnostic evaluations of first-year-olds. BMC Pediatr.  
[IF2021 2.125]  2021;21(1):528. PMID: 34847867.  

6. Matulova J, Kacerovsky M, Bolehovska R, Stranik J, Spacek R, Burckova H, et al. 
Birth weight and intra-amniotic inflammatory and infection-related complications in 

pregnancies with preterm prelabor rupture of membranes: a retrospective cohort study. J 

Matern Fetal Neonatal Med. [IF2021 2.323] 2021:1-11. PMID:34320890.  
7. Pavlicek J, Gruszka T, Polanska S, Dolezalkova E, Matura D, Spacek R, et al. 

Parents' request for termination of pregnancy due to a congenital heart defect of the fetus 

in a country with liberal interruption laws. J Matern Fetal Neonatal Med.  
[IF2020 2.398].2020;33(17):2918-26. PMID:30646776.  

8. Pavlicek J, Klaskova E, Prochazka M, Dolezalkova E, Matura D, Spacek R, et al. 

Congenital heart defects according to the types of the risk factors - a single center 
experience. J Matern Fetal Neonatal Med. [IF2019 1.737]. 2019;32(21):3606-

11. PMID:29681196.  

9. Musilova I, Andrys C, Drahosova M, Soucek O, Stepan M, Bestvina T, Spacek R et 
al. Intraamniotic inflammation and umbilical cord blood interleukin-6 concentrations in 

pregnancies complicated by preterm prelabor rupture of membranes. J Matern Fetal 

Neonatal Med. [IF2016 1.411]. 2016:1-11. PMID: 27265200.  

10. Musilova I, Andrys C, Drahosova M, Soucek O, Kutova R, Pliskova L, Spacek R et 

al. Amniotic fluid calreticulin in pregnancies complicated by the preterm prelabor 

rupture of membranes. J Matern Fetal Neonatal Med.[IF2016 1.411].  2016;29(24):3921-
9. PMID: 26953684.  

 

9.2 OTHER PAPERS PUBLISHED IN THE JOURNALS WITH IMPACT FACTOR 
 

 

 



29 

 

 
9.3 ORIGINAL SCIENTIFIC  PAPERS PUBLISHED IN THE JOURNALS 

WITHOUT IMPACT FACTORS  

1. Spacek R, Kacerovsky M, Andrys C, Soucek O, Kukła R, Bolehovska R,  Musilova 
I. Amniotic fluid soluble CD93 is elevated in the presence of intra-amniotic 

inflammation in preterm prelabor rupture of the fetal membranes.  Česká Gynekologie, 

2022,  accepted for publication 14.7.2022 
 

9.4  OTHER  PAPERS PUBLISHED IN THE JOURNALS WITHOUT IMPACT 

FACTORS  
1. Špaček R., Musilová I., Magdová K., Šimetka O., Kacerovský M.; Ultrazvuková 

diagnostika syndromu fetální zánětlivé odpovědi u žen s předčasným odtokem plodové 

vody; Česká Gynekologie, 2017, 82, č. 1, s. 145–151; PMID: 28585848.  

2. Špaček R.; Pooperační srůsty v břišní a pánevní krajině; Uměni fyzioterapie, 2019.  

3. Pavlíček J., Piegzová A., Klásková E., Kaprálová S., Palátová A., Wiedermannová 
H., Burčková H., Gruszka T., Doležálková E., Špaček R., Matura D.; Včasnost 

prenatální diagnózy vrozené srdeční vady; Gynekologie a porodnictví 2020, 4(1): 1-6.  

4. Pavlíček J., Klásková E., Kaprálová S., Doležálková E., Matura D., Špaček R., 
Piegzová A., Gruszka T., Procházka M.; Echogenní fokusy fetálního srdce z pohledu 

dětského kardiologa; Česká Gynekologie., 2019, 84, č. 3, s. 190–194; PMID: 

31324108.  
5. Pavlíček J., Klásková E., Doležálková E, Matura D., Špaček R., Gruszka T, Polanská 

S., Procházka M.; Vývoj prenatální diagnostika vrozených srdečních vad, zisk z 

jednotlivých ultrazvukových projekcí; Česká Gynekologie., 2018, 83, č. 1; PMID: 
29510634.  

6. Šimetka O, Špaček R, Vašek P, Lattová V, Michalec I, Procházka M.; Srovnání 

efektivity misoprostolu a dinoprostu při indukci druhotrimestrálního abortu; Česká 
Gynekologie, 2011, 76, č. 6 , s. 72-76; PMID: 22312845.  

 
9.5. LECTURES CZECH 

1. Vaginální porod po dvou předchozích císařských řezech, XXXVII. celostátní 

konference Sekce perinatologie a fetomaternální medicíny ČGPS ČLS JEP - 
Štemberovy dny, Praha 2022. 

2. Komplexní management preeklampsie, XL. Regionální pracovní dny klinické 

biochemie, Karlova Studánka 2021. 
3. Zajištění rodičky a novorozence z pohledu porodníka, XXXVI. Neonatologické dny 

ČNS ČLS JEP, Ostrava 2021. 

4. PPROM v previabilním období a v období pozdní prematurity, Regionální 
perinatologické setkání MSK za rok 2020, Ostrava 2021. 

5. Preeclampsie a HELLP syndrom z pohledu praktického lékaře, 7. kongres 

medicíny pro praxi v Ostravě – Kongres praktických lékařů, Ostrava 2020. 
6. Stanovení rizika preeklampsie v rámci prvotrimestrálního screeningu pomocí 

markeru PIGF, Setkání soukromých gynekologů Brno 2020. 

7. Management inkompatibility v krevních systémech matky a plodu, Hanákovy dny, 
Ostravice 2019. 

8. Odložený podvaz pupečníku u císařského řezu, Hanákovy dny, Ostravice 2019. 



30 

 

9. Porodník, porodní asistentka a dula, Edukační den porodní asistence, Ostrava 
2019. 

10. Komplikace vícečetné gravidity, Pětrošův den prenatální diagnostiky, Ostrava 

2018. 
11. Ultrazvukové vyšetření žilního systému plodu u těhotných s PPROM, XXXIV. 

celostátní konference Sekce perinatologie a fetomaternální medicíny ČGPS ČLS 

JEP, Karlovy Vary 2017. 

12. Diabetes v těhotenství a jeho důsledky na zdraví žen, Kongres praktických lékařů, 
Ostrava 2017. 

13. Vedení a výsledky porodů SGA plodů ve FN Ostrava v letech 2014 až 2015, 

XXXIII. celostátní konference Sekce perinatologie a fetomaternální medicíny 
ČGPS ČLS JEP, Ústí nad Labem 2016. 

14. Ultrazvuk a předčasný porod, Čechova ultrazvuková konference, Olomouc 2016. 

15. PPROM současný management, Pětrošův den prenatální diagnostiky, Ostrava 

2016. 

16. Ultrazvuk v šestinedělí, 36. celostátní konference Sekce ultrazvukové diagnostiky 

ČGPS ČLS JEP, Brno 2015. 


