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Abstract

Pre- eclampsia is a common and heterogeneous syadod human
pregnancy. Normal pregnancies are associated witammatory and hemostatic
changes. The maternal syndrome of pre- eclampsesults from a systemic
inflammatory response that involves the entire amfinatory network of the
circulation, including the endothelium. Procalcitoris an inflammatory marker
which is raised in pre eclampsia .Normal pregnacenyses the maternal plasma D-
Dimer level to increase progressively from conaaptuntil delivery .1t is accepted
that the hemostatic system is disturbed in prengalig patients , but the effect or
relationship with d dimer level and PET remaingliecidate .

Aim of this study was to evaluate senprocalcitonin (PCT) , and plasma D-
Dimer levels in mild and severe pre-eclampsia.

Prospective case control study cdroet in department of obstetrics and
gynecology /Baghdad Teaching Hospital /Medical @@gghdad /Iraq .

Serum procalcitonin (PCT), and D-Dimer levels wdetermination in 40
cases with pre-eclampsia as the study group andedlhy pregnant women in the
third trimester as the control group. Pre-eclamptioup consisted of mild (n = 20)
and severe pre-eclamptic subgroup (n = 20).

Laboratory results were compared between the grandsdiagnostic usefulness of
these parameters were evaluated.

Serum procalcitonin (PCTIPCT, and D-Dimer levels were significantly
higher in study group than the control group (P08@). PCT, and D-Dimer were
significantly higher in the patients with severeeqgclampsia than mild VIII pre-
eclampsia( p=0.012)There were significant positis@relations between these
markers and mean arterial pressure (MAP). Logistgression analysis using the
control and pre-eclampsia group showed that higt@F (OR,6.12; 95%-ClI, 3.30-
13.50), and D-Dimer levels (OR,4.41; 95%-ClI,2.88wilere found to be risk factors
significantly associated with pre-eclampsia.

This study results confirm that evidence of a fimdesexaggerated systemic
inflammatory response in pre eclampsia especially
in severe pre- eclampsia
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Introducation

Pre-eclampsia is a common and heterogeneous syadvbmuman pregnancy .
These changes constitute the maternal immune respgoPre-eclampsia can develop
in the presence of a normal placenta in woman vehausceptible to systemic
inflammation , such as diabetes or chronic cardioukar diseaséMajor cause of
Pre-eclampsia is the failure to develop an adeqgbkted supply to the placenta ,
leading to placental oxidative stress and resulthé excess release of the placental
factors such as syncytiotrophoblast debris or deltrns-like tyrosine kinase -1(sFl1-
1) in to the maternal circulatioh. Procalcitonin is an inflammatory marker which is
raised in Pre-eclampsia , It is the 116 aminoaolgpgeptide precursor of calcitonin ,
which is a calcium regulatory hormone and as maikebacterial infection and
sepsié . There are only a few published data on PCT @égpancy , Although no clear
biological role for PCT has been explained , it bagen suggested that it plays an
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important role in the pathogenesis of the sepsid ann-infectious systemic
inflammation®8. It is known that human pregnancy goes togethién wrofound
changes in the hemostatic system toward a procaagahd hypofibrinolytic state.
Tissue type plasminogen activator cleaves fibrin produce fibrin degradation
products , usually assayed as cross linked fibragrmhents (D-Dimer) . Normal
pregnancy causes the maternal plasma D-Dimer tevieicrease progressively from
conception until delivery? It is accepted that the hemostat&gystem is disturbed in
Pre-eclamptic patients , but the effect or relaiop with D-Dimer level and Pre-
eclampsia remains to elucidate .The maternal synéraf Pre-eclampsia results from
a systemic inflammatory response that involvesahgre inflammatory network of
the circulation , including the endotheliurh The diagnosis of pre-eclampsia is based
on traditional but somewhat unreliable and non-gjgeclinical markers such as
blood pressure ,urine protein excretion , and spmgt. For example , more than
20% of women who have eclampsia will fail to mdet tommon diagnostic criteria
of preeclampsia prior to their event , making thedpction of this adverse outcome
extremely difficult 1° Pre-eclampsia is new hypertension presenting afleveeks
with significant proteinuria .

Severe pre-eclampsia is pre-eclampsia with sewgrertension (160/110mmHg) and
Jor with symptoms , and / or biochemical and / aetnatological impairment!

Epidemiology and risk factors

Preeclampsia is the 2nd leading cause of matenortality in UK and US after
thromboembolic diseasé? The incidence of preeclampsia in the united stiges
estimated to range from 2-6%in healthy nulliparsusman®®!4 in the developing
world to be 4-18%°>1¢ The disease is mild 75%of cases and severe in ?3¥vall
cases of preeclampsia 10% occur in pregnancy sfttes1 34-week gestatioH.The
incidence of hypertensive disorders in pregnancgstamated to range between 3%
and 10% among all pregnancies. Worldwide, preectéangnd related conditions are
among the leading causes of maternal mort#lithile maternal death due to
preeclampsia is less common in developed countoiezclampsia-related maternal
morbidity is high and remains a major contributoriritensive care unit admissions
during pregnancy. Approximately 12—-25% of growth-restricted fetusesl small-
forgestational- age infants as well as 15-20% lopraiterm births are attributable to
preeclampsia; the associated complications of pramaare substantial and include
neonatal deaths and serious long-term neonatalidityt®® Despite major medical
advances, the only known cure for preeclampsia irsn@elivery of the fetus and
placenta.One-quarter of stillbirths and neonatatliein developing countries are
associated with preeclampsia/eclampsia. Infantafityrtassociated with
preeclampsia is three times higher in lower sowsetings than in high-income
countries, largely due to the lack of neonatalrisiee care facilitie$* Women who
had pre- eclampsia in any pregnancy after thest tne had a mortality risk that was
two- to fivefold higher over the next 35 yeéfs.

D-dimer is a fibrin degradation product (or FDP), a smatitgin fragment present in
the blood after a blood clot is degraded by fiblysts. It is so named because it
contains two crosslinked D fragments of the fibprotein , D-dimer concentration
may be determined by a blood test to help diagtiusenbosis. Since its introduction
in the 1990s, it has become an important test pedd in patients suspected of
thrombotic disorders. While a negative result pcatfy rules out thrombosis, a
positive result can indicade
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Patints & Methods

Prospective case control study of eighggpant patients (fourty patients with
approved diagnosis of pre-eclampsia and fourty obtensive pregnant women as a
control group) presented to the department of tfisteand gynecology / Baghdad
Teaching Hospital / Medical city / Baghdad / Iraqthe period from May 2013 May
2014.Consents were obtained from all subjects.tidl pregnant women enrolled in
the study had similar demographic backgrounds.looealthy normotensive third
trimester women who were chosen in out patientsiccland who received regular
follow up served as control group.

Methods

Getsational age was calculated considdasgmenstrual period and confirmed
by first trimester or early second trimester ulbrasgraphy finding. In both study
groups, blood samples were collected when the riatiérst presented for the
evaluation and before initiation of any treatmestich as magnesium sulfate,
betamethasone, or labor induction.Blood sample(3ma$ drawn from antecubital
vein or from the dorsum of the hand of each patwmtiiout using tourniquet using a
serum separator tube and left the samples to@ldatMo hours at toom temperature or
overnight at 4°C before centrifugation for 15 misiat 1000 xg then frozen at 20°C
and keep till the time of testing when serum pratahin level was measured by
ELISA using CUSABIO pct. ELISA kit according to theanufacturer's instructions.
Plasma D-Dimer was measured using D-Di test a riapeck agglutination slide test,
the samples were collected in tubes with trisodigitrate anticoagulant and
centrifuged for 15 minutes at 2000 — 2500 xg witBirhours of blood samples
collection, then frozen at -20°C and kept till thme of testing.

Pre-eclampsia group

This group was subdivided into two subgrodipst subgroup included 20 patients
diagnosed with sever pre-eclampia with blood pmessul160 / 110 mmHg and
proteinunia of 3+ or more on two random urine saspiollected at least 4 hours
apart.

Second groupincluded 20 patients diagnosed with mild pre-eclsiapvith blood
pressure> 140 /90 mmHg but less than 160 / 110mmHg and wittgigns and
symptoms that are associated with sever pre-eciannsle proteinuria in this group
was 1+ or 2+.

Control group.

The control group included 40 pregnant women, allvbom were monitored at the
department of obstetrics and gynecology of our halsfrom the 1th trimester and
who have an uncomplicated antenatal course bloedspre measurements in this
group were normal — control patients were matclwedgéstational age and had no
history of iliness, hypertention, diabetes or retiakase.

Statistical analysis:

By using the statistical package for social scien@&@PSS) software version 21, data
were entered and analyzed with appropriate stistests. Data were presented as
mean, standard deviation. Analysis of ariances (MWPtest was used to compare
means of any variable according to the studied grduogistic regression (curve
estimation model) was used to assess the cormelagétween PCT and D-dimer.
Pearson’s correlation test was used to analyzéntbe-correlation between PCT, D-
dimer and MAP. The correlation coefficient (r )waaculated which usually ranged
between 0 — 1, the higher r value indicated thengger correlation , furthermore by
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using the multiple logistic regression test (lineaydel) for the analysis of predictors,
and the odds ratio was calculated, the larger fsogmit odds ratio indicated

the higher prediction value and that the specifiadable is more predictor.Receiver
operating characteristics curve (ROC) was usedsess the validity of PCT and D-
dimer in prediction of severity of PET, the arealenthe curve (AUC) indicated the
accuracy of the test, the larger AUC indicated thgher accuracy. Sensitivity,
specificity, accuracy, positive predictive valuedanegative predictive value then
calculated depending the results of ROC analysselof significance (P.value) less
than 0.05 considered significant difference or @atron. Results and findings
presented in tables and figures with an explangiarggraphs.

Results

A total of 40 women with pre-eclampsia (subup®; 20 women with mild PET
and 20 women with severe PET) in addition to 40thgavomen as control group
were enrolled in this study.

Demographic characteristics of PET and control grops:

Table 1 summarizes the demographic characterisif the studied groups, No
significant differences had been found in mean agean BMI or mean gestational
age in neither between the PET groups and comaldetween the PET subgroups,
P>0.05.

The mean systolic blood pressure (SBP) of se®ET group was significantly
(P<0.001) higher than that of mild PET group andtems; 142.2 + 9.8 vs. 139.4 +
7.3 and 119.0 + 11.0, respectively. On the otherdhine mean SBP of mild PET
group was significantly higher than that of cordroNo significant difference had
been found in mean SBP between PET sub groups@®»Bimilarly, the diastolic
blood pressure and mean Arterial pressure was fisigmily higher in both PET
groups (P<0.001) than controls with no significalifference between PET sub
groups (P>0.05).

Tablel: Demographic characteristics of PET patientgnd controls.

Characteristic Mild PET | Severe PET Control P.value
patients patients (N=20) | (N=40)
(N=20)
Meanz SD Meanz SD Meanz SD
Median (range) | Median (range) | Median (range)

Age 26.9+5.3 25.4+44 28.0+5.2 0.11
19-35 19 -33 27.3 (19 - 36)

BMI 27.2+6.2 28.4+7.0 26.9+6.6 0.83
20.8 -38.2 19.7 - 43 20.9-42.3

Gestational 329+3.2 33.6+3.6 36.2+3.7 0.23

age(weeks) 28 -39 28 — 39 32-40

SBP* 139.4+ 7.3 142.2 + 9.8 119.0+11.0 <0.001
128 — 154 131 - 160 100 — 138

DBP* 95.4+25 104.8 + 6.3 80.5+6.2 <0.001
91-99 95 - 115 70 — 89

MAP* 1111+ 3.1 117.2+6.3 93.3+5.4 <0.001
103 -116 107 — 128 83 — 105

* P.value of difference between mild and severe R¥E®ups was insignificant

(P>0.05).
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Procalcitonin and D-Dimer

As it is shown in table 2, Both severe pre-eclam@sid mild preeclampsia groups
showed significantly higher PCT values when comgharéh healthy control group
(p<0.001). Also, severe pre-eclampsia group shasiguificantly higher PCT values
when compared with mild pre-eclampsia group (P=0).01

Similar trends are found regarding the D-dimer, rglsevere pre-eclampsia and mild
pre-eclampsia groups showed significantly higheDiBrer values than healthy
controls and the severe PET group had significahigyrer DDimer than the mild
PET group, (P=0.031)

Table2: Comparison of PCT and D-Dimer among the stdied groups

Parameter Mild PET Severe PET | Control P.value
patients patients (N=40)
(N=20) (N=20)
Procalcitonon Mean+ SD | 0.33 +0.054| 0.77 £0.1* 0.14 + 0.07 <0.001
(ng/ml)
Range 0.050-1.10| 2.5-4.0 0.06 — 0.3(
D-Dimer Mean+SD |4.6+0.5 6.9 + 0.7** 1.6+0.9 <0.001
(mgll)
Range 4-556 6-—-8 0.5-3.6

* P=0.012, between severe and mild PET groups.
** P=(0.031, between severe and mild PET groups.
Correlation between PCT and D- Dimer

Figure 3.1. (A and B) shows the correlatiotwsen PCT and D- Dimer in PET
patients and controls. A significant direct (po&)i correlation had been found
between PCT and D-Dimer in both PET patients amtrots, however the correlation
was stronger and more significant in PET patieRts0(88,P<0.001) than in controls
(R =0.38, P=0.017).
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Figure 3.1. The correlation between PCT and D-DimgXx) in PET patients,(B) in
controls

0

Predictors of PET

By using the multiple logistic regression testguating for the age, body mass index
(BMI) and gestational age, the finding of regresgiest revealed that higher PCT and
higher D-Dimer are risk factors and predictor ofese PET. (OR was 6.12 and 4.14)
respectively, (P<0.001) , table 3.
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Table3: Multiple logistic regression analysis findngs for the predictors of PET
risk factors

Parameter Odds ratio (OR) | 95% CI P.value

Age 1.32 0.71-3.60 0.4RIS

BMI > 30 1.48 0.87 —4.10 0.28NS
Gestational age <34 | 1.61 0.93-5.40 0.19S

PCT > 0.07 6.12 3.30-13.50 < 0.0(dg
D-Dimer > 1.5 4.41 2.8-9.8 <0.001 sig

Correlation between Markers and mean arterial presare (MAP):
The bivariate correlation tests (Pearson’s corildaest) revealed significant
correlations between PCT, D-Dimer and MAP, (P<0)001

Table 4: Correlation between PCT, D-Dimer and MAP:BDimer MAP

D-Dimer MAP
PCT 0.87* 0.75*
D-Dimer 0.83*

* values represented correlation coefficient ( R90.001

* Receiver operating characteristic curve (ROC) analgis

By using the ROC curve analysis between the PETcanttol groups are shown in
figure3. 2, according to these figures, it had bieemd that the area under the curve
(AUC) for prediction of severe PET, it had beemsigantly found that higher PCT
and D-Dimer are good predictors for severe PET thedr sensitivity, specificity,
accuracy, positive predictive value and negativediative values are shown in the
same figures.

'" T ..PCT M # ----------- “ AC=083
e [“ticen o 07 oo
sl -
0.“0.0 OTZ 0{4 0].6 DTS 10 00 " [‘
(a) 1 - Specificity (b) - - 1 -.Speciﬂc-ity .
Sensitivity (82%) Sensitivity (87%)
Specificity (75%) Specificity (90%)
PPV E?S.S;/o) PPV ((88%))
NPV (89% NPV (92%
Accuracy (80%) Accuracy (88.5%)
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Figure 3.2. Receiver operating characteristics&€(ROC) analysis of the positive
relationship between increasing PCT and D-Dimertaedstudy groups. (a ) between
controls and PET patients (total PET patients),b@tween controls and severe PET
groups, (c) between Severe and Mild PET groups,b&tjveen controls and mild
groups.(AUC; area under the curve)

Discussion

Preeclampsia remains a major cause of materngbr@métal mortality and morbidity.
Despite progress towards understanding the caupeeetlampsia and contributing
circulating factors, the etiology of preeclamps@&mains uncleaf’.Present study
found significant higher means of serum procalcitcammong preeclampsia patients
and higher among severe PE than mild PE (p<0.@drum procalcitonin is a new
marker in pregnant women population. Procalcitol@nels do not change with
pregnancyrelated conditions (type of birth, timéwth, type of anesthesia and the
stress of childbirth), but are affected by prematwopture of membranes and
infectious conditions, such as group B streptodocatnization?>2® Montagnana et
al. showed that serum procalcitonin was assochatgdpreeclampsia. Following this
study, Can et al. found that there was a significeorrelation between severe
preeclampsia and procalcitonin levéls Another study published recently showed
that serum procalcitonin, CRP and D-dimer was S$icpmtly associated with
preeclampsia?®. Serum procalcitonin level has still been studiedurinary tract
infections and a significant correlation betweea ginade 3 vesico-urethral reflux and
procalcitonin was shown in the children. In the eastudy, serum procalcitonin levels
which were higher than 0.5 ng/ml were associatet am increased risk of recurrent
urinary tract infectiort®.

D-Dimer means in our study were higher among PEeptst and higher among severe
PE than mild PE (p<0.001). Kucukgoz GU, et al studyurkey concluded that D-
dimer and procalcitonin were significantly highen@ng PE and can be used to
predict severity of PE,

In PE, there is a deterioration of maternal réanattion with the possibility of a rise
in serum creatinine to more than 0.9 g/L, liverdlwement with elevated liver
enzymes, pulmonary edema (particularly in cases sefere preeclampsia),
hematological disorders including thrombocytoperiiamolysis and disseminated
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intravascular coagulation, neurological involvemeiith visual disturbances, severe
headaches and hyperreflexia, and intrauterine grosgtriction®'32. As well, women
with preeclampsia in the 3rd trimester showed $icgmtly higher levels of serum
procalcitonin, C-reactive protein (CRP), and plasalimer levels, and these
hematological indices were significantly highepatients with severe as compared to
mild preeclampsié’.

Procalcitonin and D-dimer were correlated signifittya to each others in all study
participants. This finding is consistent with reésuf Kaya B, et al study in Turk&y
Many studies have confirmed that procalcitonin isi@amarker of inflammatory host
response to microbial infections and increasedungisal pathologies such as ileus
and pancreatitis. There is also a proportionalease in PCT levels with the severity
of the infection. D-dimer is a degradation prodatfibrin dissolution. Local fibrin
formation and lysis are common events during infratory respons# .

A significant correlation was observed in preés#ndy between mean arterial blood
pressure and both procalcitonin and D-dimer (p<D.0This finding is agreed with
results of Jaimes F, et al study in ColomBfiaand Kucukgoz GU, et al study in
Turkey®®. Present study revealed mean age of patientsrmith
preeclampsia was 26.9 + 5.3 years and with seveeciampsia was 25.4 + 4.4 years.
This finding is indicating younger ages of preegbam patients which is close to
results of Bilir F, et al study in Turke¥ .that reported mean age of 26.9+4.6 years.
Although no significant ifference in means of BMitlveen preeclampsia patients and
controls, BMI means of preeclampsia patients wegkdr than controls and mean
BMI of severe preeclampsia patients was higher tthet of mild preeclampsia.
Direkvand-Moghadam A, et al study in Irdh reported no significant association
between BMI and preeclampsia. Reys LM, et al sindgolombia 3 concluded that
high BMI is a significant risk factor for developmteand severity of preeclampsia
among pregnant women.

In present study, no significant differencesvadbserved in gestational age between
patients and controls. This finding is not agreeth wesults of Magnussen EB, et al
study in Norway® , that found low gestational age of pregnant womers a
significant risk factor of pr-eeclampsia.Blood me® (systolic and diastolic) of
women in this study was significantly higher amgmngeclampsia than controls and it
was significantly higher among women with severeptampsia (p<0.001).

This finding is agreed with results of Hakim Jaéstudy in Canada, that reported
significant association between gestational hypsiten with preeclampsia
development and severity. Several different medmsi have been linked to
endothelial dysfunction in preeclampsia. Thoseudel hypoxia, excessive oxidative
stress, the renin-aldosteroneangiotensin Il axm] eore recently imbalance of
placental angiogenic factors, favoring antiangiogaoluble form of the type 1
receptor of vascular endothelial growth factor (8HAR-1 or sFltl1), which binds and
thus neutralizes proangiogenic VEGF and placentawtp factor %°. Ensuing
endothelial dysfunction may further be worsenedsbeyeral vasoactive markers that
are elevated in preeclampsia, such as cellulasrigxtin, endothelin, platelet-derived
growth factor, soluble E-selectin, soluble tissaetdr, and von Willebrand factor. In
vitro experiments have shown endothelial dysfumctédter incubation with serum
from women with preeclampsia. Several studies lesaduated short- and long-term
endothelial function after preeclampsia, demonisigatngoing vascular dysfunction
measurable from 6 to 12 months to 5 to 6 years ewgh up to 15-25 years
postpartunt?.
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In current clinical practice, the use of meycaphygmomanometers remains the
gold standard for noninvasive BP monitoring, bugréhare concerns for both the
clinical performance and safety of these instrumeiithese problems have been
largely overcome by the use of automated BP devlmgisso far only 1 of these has
been validated for use both in pregnancy and in*PE ROC curve analysis
confirmed the use of procalcitonin and Ddimer faregning of PET (sensitivity
(82%) and specificity (75%), severe PET (sensiii7% and specificity 90%) and
mild PET (sensitivity 89% and specificity 82.5%heke findings are close to results
of da Silva-Costa F, et al study in Australia 6@ ailir F,et al study in Turke¥ ,
Despite great research efforts, in 2004, the WHdddlth Organization concluded that
no single test was yet available to provide aceusateening for PE. Since then, there
has been growing interest in the combination ofkexa for PE screening.Recently,
this was reviewed by Giguére et &f. who concluded that the combination of
biochemical and ultrasonographic markers improwvesliption of PE. However, the
authors did not systematically evaluate the contrdn of maternal history and MAP
to combined screening.

Limitations of study

1. Restriction in time and financial resources, itigally, unavailability and high
cost of these tests, PCT and D-dimer, in our cquig@ad restriction in the sample
size. These tests performed depending on the cdeFaprivate expenditure.

2. This study conducted at a tertiary center, st fimdings of the study cannot be
generalized on Iraqgi population.

3. As other case-control studies, recall bias agulake excluded.

Conclusions

1. Procalcitonin level and D-dimer level are gowsddictors for preeclampsia among
pregnant women.

2. Procalcitonin level and D-dimer level are gootedictors for severity of
preeclampsia among pregnant women with preeclampsia

3. Procalcitonin level and D-dimer level had goedsstivity ,specificity and accuracy
and could be used as screening tests for detesmidiseverity of pre-eclampsia .
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