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Comparison of Fractional Estrogen and Progesterone Levels with D-dimer in Pregnant Women with and without Venous Thromboembolism in Third Trimester of Pregnancy    

	Sahar Amel Shahbaz 1, Hamid Rouhi Broujeni 1, Sheyda Shabanian 2, Fatemeh Deris 4

	[bookmark: OLE_LINK2][bookmark: OLE_LINK1][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK10][bookmark: OLE_LINK16]Background: During pregnancy Venous Thromboembolism Event (VTE) is one of the complications that may be severe and cause of morbidity and mortality in the mother and fetus. Because of D-dimer elevation during pregnancy especially in the third trimester, and because of complications of diagnostic procedures, diagnosis of VTE is more difficult in pregnant than other population. For this reason we decided to find early VTE detecting methods that were non-invasive and safe with respect to the fetus. Here, we investigated fractional estrogen and progesterone levels with D-dimer in pregnant women with and without VTE in third trimester of pregnancy.
Materials and Methods: 23 pregnant subjects with VTE and 46 age-matched healthy pregnant controls participated in this study. The D-dimer and estrogen and progesterone levels were measured in serum of both groups through immunofluorescence method
Results: Results showed that D-dimer/estrogen ratio (0.1±0.04 vs. 0.03±0.01, P<0.001) and D- dimer/progesterone ratio (10.64±3.2 vs. 3.43±0.87, P<0.001) in the VTE group was significantly higher as compared to control group. The overall accuracy for D-dimer/progesterone ratio and D-dimer/estrogen ratio at optimal cutoff points (5.7208 and 0.0583, respectively) were high (97.1 %) for diagnosing VTE.
Conclusion: Our results showed that diagnosing VTE during pregnancy by D-dimer/progesterone ratio and D-dimer/estrogen ratio are accurate with high sensitivity and specificity values. It allows predicting VTE in pregnant women immediately in Emergency and Obstetrics and Gynecology Departments.
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INTRODUCTION
During pregnancy Venus Thromboembolism Events (VTE) is one of the complications that may be severe and cause of morbidity and mortality in mother and fetus (1-4) including Deep Venous Thrombosis (DVT) and Pulmonary Thromboembolism (PTE), which occurs one in every 1000 pregnancies (1, 2). VTE causes maternal mortality (3, 4) and non-fatal complications such as pulmonary hypertension, and post-thrombotic syndrome (5). Previous studies have shown that hypertension drug  and hormonal drugs such as estrogen and progesterone, cigarette smoking, obesity, multiple gestations, increased parity and PLA2 polymorphism of glycoprotein IIb /IIIa  are risk factors for VTE (4-6), which indicates that majority of pregnant women are at the risk of VTE (6, 7). On the other hand, venous stasis, hypercoagulability, and vascular damage are considered as Virchow triad which are observed during pregnancy (8-9-10), therefore, the incidence of VTE increases more than four to five times during pregnancy and about 20 times in postpartum period (11, 12). Unfortunately, despite the strong correlation between VTE and pregnancy, there is inadequate study about preventive or curative methods for VTE during pregnancy (1).	Comment by Haleh: Do you mean estrogen and progesterone are used as anti hypertensive agents?	Comment by Haleh: Ref 8 and 9??
Because of complication of diagnostic procedures such as lung CT scan perfusion, lung scan and poor patient acceptance for these procedure and fear of fetus complication, diagnosis of VTE is more difficult in pregnant women than other population, thus, for this causes we decided to find methods that were non-invasive and safe with respect to the fetus for detecting VTE in early stages. 
Checking D-dimer is important in detecting VTE in non-pregnant cases, but D-dimer testing in VTE diagnosis in pregnancy has not been adequately studied (13). On the other hand, it has been established that D-dimer increases throughout gestational age and cannot be specific (14). Therefore, another non-invasive and safe method is needed. Moreover, studies demonstrated that hormones such as estrogen and progesterone are significantly associated with VTE events; however, according to  pulmonary  textbooks and various experiences there wasn`t enough prospective study  on the role of D-dimer and estrogen and progesterone in diagnosis of VTE especially during pregnancy, therefore, this is the one of the first studies designed to evaluate and compare fractional estrogen and progesterone levels with D-dimer in pregnant women  with and without VTE in third trimester of pregnancy..  

MATERIALS AND METHODS
This prospective case-control study was performed in Internal medicine and Obstetrics Departments of Shahrekord Hajar Hospital, center of Iran from November 2017 to May 
2018. The serum levels of D-dimer and estrogen and progesterone in pregnant women with
VTE (case group) were compared to healthy pregnant individuals (control group). Inclusion criteria for case group consisted of third trimester pregnant women that had referred to Internal medicine and Obstetrics and Gynecology Departments with a diagnosis of VTE in the form of DVT or PTE based on ultrasound or lung CT scan with PTE protocol. Inclusion criteria for control group consisted of healthy third trimester pregnant subjects that had referred to Obstetrics and Gynecology clinic without significant systemic diseases. None of the participants of the two groups had any systemic disease. They had age range between 18-40 years (age-matched) and signed a consent form to participate in the study. Exclusion criteria consisted of subjects (in both groups) with any local or systemic inflammation or other underlying disease that would change serum levels of D-dimer and estrogen and progesterone such as high rheumatoid factor, liver disease, malignancy, inflammation, trauma, recent surgery, consuming anticoagulant drugs, age below 18 years or more than 40 years, and dissatisfaction to participate and/or to continue the study. We also excluded patients with uncompleted data.
Study design
In this study we performed algorithm-based diagnostic and evaluation that is shown in figure 1. According to this algorithm 25 subjects with diagnosis of VTE were selected. This study received ethics approval from the  Ethics Committee  of  Shahrekord  University of Medical Sciences. After obtaining informed consent, eligible subjects and healthy control were enrolled. Then 5 ml blood sample was obtained from both groups and stored at −20°C until analysis. After completing sampling, the serum levels of D-dimer and estrogen and progesterone were measured in both groups. D-dimer was measured through immunofluorescence method by VIDAS device and estrogen and progesterone level through immunofluorescence method by ELEXIS device in laboratory of Shahrekord Hajar Hospital according to the manufacturer's protocols, which was 300 μg/ml for D-dimer.  The ratio of the numerical fraction between D-dimer to the estrogen level and the numerical fraction ratio between D-dimer to the progesterone level was obtained.
Data analysis
Data were analyzed and reported only for patients with completed information. Statistical analysis of data was performed using SPSS version 22 software (SPSS Inc., Chicago, IL, USA). Chi-square test was used to compare qualitative variables between groups. Kolmogorov-Smirnov test was used in order to evaluate the normal distribution of all quantitative studied parameters. Independent t-test was used for variables with normal distribution; on the other handMann- Whitney test was used for variables without normal distribution. In order to evaluate the differences between the more than two groups, Kruskal Wallis test was used. Two tailed p-value less than 0.05 was considered significant.

RESULTS
Demographic features in terms of age (P=0.942), gestational age (P=0.588), gravid(number of pregnancy) (P=0.907), education (P=0.154), and job (P=0.201) in both groups were similar ، Moreover the number of fetus did not have significant differences between groups (P=0.659). Results showed that the serum levels of estrogen and progesterone in both groups was similar (P>0.05), while serum levels of D- dimer in the VTE group was significantly higher as compared to control group (1387.83±303.93 ng/ml vs. 457.39±126.31 ng/ml, P<0.001). Moreover, D-dimer/estrogen ratio (0.1 ± 0.04 vs. 0.03±0.01, P<0.001) and D-dimer/progesterone ratio (10.64±3.2 vs. 3.43±0.87, P<0.001) in the VTE group was significantly higher as compared to control group (Table 1). In the control group, the ratio of D-dimer increased by about 52% and in VTE group by 362% according to reference.	Comment by Haleh: Do you mean gravidity?
In the control group, Pearson correlation coefficient showed a direct and significant correlation between D-dimer and estrogen (r=0.453, P=0.002) and progesterone (r=0.485, P=0.001) levels, but there was no such correlation in VTE group. However, there was a direct and significant correlation between gravidity and D-dimer level in VTE group (r=0.443, P=0.034) (Table 2).
The sensitivity, specificity, positive and negative predictive values, overall accuracy for D- dimer/progesterone ratio in optimal cutoff points 5.7208 for diagnosing VTE were 95.7, 97.8, 95.7, 97.8 and 97.1%, respectively. Moreover, the sensitivity, specificity, positive and negative predictive values, overall accuracy for D-dimer/estrogen ratio in best optimal cutoff points 0.0583 for diagnosing VTE were 95.7, 97.8, 95.7, 97.8 and 97.1 %, respectively (Table 3).


Table 1. Studied variables in both control and VTR groups

	Groups Variables
	VTE (n=23)
	Control (n=46)
	P-value

	Age (year)
	30.91 ± 4.73
	30.83 ± 4.57
	0.942

	Gestational age (week)
	33.13 ± 3.75
	33.61 ± 3.28
	0.588

	Gravidity
	2.91 ± 1.47
	2.96 ± 1.44
	0.907

	Education
	Under the diploma
	7 (30.4 %)
	10 (21.7 %)
	0.154

	
	Diploma and Advanced Diploma
	11 (47.8 %)
	15 (32.6 %)
	

	
	Bachelor's degree and higher
	5 (21.7 %)
	21 (45.7 %)
	

	Job
	Housekeeper
	15 (65.2 %)
	24 (52.2 %)
	0.201

	
	Employee
	8 (34.8 %)
	16 (34.8 %)
	

	
	Student
	0
	6 (13 %)
	

	No. fetus
	One
	21 (91.3 %)
	42 (91.3 %)
	0.659

	
	Two
	2 (8.7 %)
	4 (8.7 %)
	

	Estrogen (pg/mL)
	14466.17 ± 2861.45
	14461.52 ± 2822.93
	0.995

	Progesterone (ng/ml)
	133.91 ± 18.6
	133.7 ± 18.57
	0.964

	D-dimer (ng/ml)
	1387.83 ± 303.93
	457.39 ± 126.31
	<0.001

	D-dimer/estrogen ratio
	0.1 ± 0.04
	0.03 ± 0.01
	<0.001

	D-dimer/progesterone ratio
	10.64 ± 3.2
	3.43 ± 0.87
	<0.001


Table 2. Correlation between variables in VTE and control groups

	
	D-dimer

	
	VTE
	Control

	Age
	0.38 (0.863)
	0.05 (0.743)

	Gravidity
	0.443 (0.034)
	- 0.047 (0.757)

	No. fetus
	0.189 (0.387)
	0.253 (0.089)

	Estrogen
	- 0.075 (0.733)
	0.453 (0.002)

	Progesterone
	- 0.104 (0.637)
	0.485 (0.001)



Table 3. Sensitivity, specificity, PPV and NPV of D-dimer to estrogen and progesterone ratio in diagnosing VTE

	Method
	Cut of point
	Sensitivity
	Specificity
	PPV
	NPV
	Overall accuracy
	P-value

	D-dimer/

progesterone ratio
	5.6036
	95.7%
	95.7%
	91.7

%
	97.8%
	%95.7
	<0.001

	
	5.7208
	95.7%
	97.8%
	95.7%
	97.8%
	97.1%
	<0.001

	D-dimer/ estrogen ratio
	0.0523
	95.7%
	93.5%
	88
	97.7%
	94.2%
	<0.001

	
	0.0547
	95.7%
	95.7%
	91.7%
	97.8%
	95.7%
	<0.001

	
	0.0583
	95.7%
	97.8%
	95.7%
	97.8%
	97.1%
	<0.001


PPV: Positive predictive value, NPV: Negative predictive value
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Figure 1. Study flowchart.
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Figure  ROC curve of D-dimer/estrogen ratio in diagnosing VTE	Comment by Haleh: Figure ????



DISCUSSION
VTE is one of treatable diseases in hospital and if diagnosed and treated early, morbidity and mortality decreases. Thus, this disease must always be taken care of cautiously. In some people it is an inherited disorder and according to previous researches in Iran especially in 
Shahrekord city that is in high altitude and has a population with frequent genetic disorder (4-6) the frequency of VTE is higher than normal. Thus, other studies were needed to evaluate this disorder. 
According to the results of this study, D-dimer serum levels were significantly higher in VTE pregnant women than control. Moreover, D-dimer/progesterone ratio in optimal cutoff points 5.7208 and D-dimer/estrogen ratio in optimal cutoff points 0.0583 had high diagnostic value for diagnosing VTE.
 In a study done by Damodaram M and koladini M ,lukit I, yoone W , the specificity and sensitivity of the

 D-dimer test in pulmonary embolism events were

 measured   and in order to calculation sensitivity for d-

dimer test was 73%and spesifity was 15%. In order to 

eliminate the diagnosis of pulmonary embolism (PE) in 
pregnancy, the negative result of D-dimer is better than a 

positive testTherefore, given the diagnostic need for 

pulmonary embolism during pregnancy, a D- dimer test in

 these patients does not aid in the diagnosis and severity of 

embolism in these patients and is therefore not 

recommended. (14). 

In a study of Kovac M, Mikovic Z Rakicevic L, and et al 
 In evaluation of pregnant women in the control group who had no evidence of thromboembolism, D-dimer in the first 3 months of pregnancy was normal in 84% of pregnant women and 33% in pregnant women in the second trimester. And in the third trimester of pregnancy, this value was only 1%, indicating that if the diagnostic threshold of the D-Dimer test was 230ng/ml, the D-dimer is not of much diagnostic value in thromboembolism. All pregnant women who had positive ultrasound findings in the diagnosis of thromboembolism also had statistically significant results. They did not attend the damping test(15)
In the study performed by Kara H et al. k they determine the diagnostic threshold of  D- dimer equal to 350 ng/ml in pregnancy, so measuring dimer does not help in diagnosis of thromboembolism. If gets more screening value such as D-dimer greater than 500 ng/ml,   and fractional D-dimer level with fibrinogen in  diagnosis validity increase , although measurement of  this fraction  suitable for screening than diagnosis of thromboemboli.
In this study they showed that if selected D-dimer above 350 ng /ml ,diagnosis sensitivity was 100% and specifity only 27%.anf if perfomed cut off ratio for D-dimer /fibrinogen greater than 0.13 sensitivity was 100% and spesifity was 37%. (17). While, Tamar Sokal-Arnon et al. demonstrated that D-dimer serum levels increased during ovarian stimulation; however, levels rarely exceeded the normal range. Therefore, short-term exposure to supraphysiological E2 levels in IVF does not seem to affect thromboembolic status as expressed by D-dimer levels. D-dimer increase was associated with a shorter Prothrombin time (PT) on down regulation (DR) (E2 ≤200 pmol/L) day and tended to be comprehensive and higher among overweight women. Therefore, obesity may pose a risk factor for thromboembolism (18 -19).	Comment by Saeideh Akaber: بخش رنگی علیرغم اطلاع قبلی که نیاز به اصلاح بدلیل شباهت ادبی و Copy-Paste داشته متاسفانه تغییر چندانی نکرده ضمن آنکه رفرانس های اشاره شده در متن با رفرانس های انتهای منابع کاملاً متناقض است لذا می بایست بطور کامل بازبینی و دوباره نویسی شود. ضمن آنکه علیرغم داشتن 20 رفرانس در متن در انتهای مقاله و در بخش منابع 46 رفرانس آورده شده است.	Comment by Haleh: Ref 18 is someone else
	Comment by Haleh: Please write full name
In a study conducted by Hendragon, ... it was found that diimeres increase during pregnancy, but given the large fluctuations between different individuals and biological differences during normal pregnancy, therefore, the repeated measurement of dimer clinical value during pregnancy for No diagnosis in the studies (1), whereas studies by ... showed that the diagnosis threshold of a DiMerke test was measured in a prospective study in pregnant women at the first 2 months of pregnancy; and at the second 6 months; In the last 6 months of pregnancy, which indicates that the test is negative in the last 6 months Has a more diagnostic diagnosis of embolism

In a study performed by Hedengran et al. results showed that D-dimer increased during pregnancy; the maximal fluctuation was approximately 20 percentile points in approximately half of the women. In one out of ten women, the D-dimer values fluctuated by more than 50 percentile points. Due to the biological variation in D-dimer within each individual woman during normal pregnancy, repeated D-dimer measurements are of no clinical use in the evaluation of thromboembolic events during pregnancy (19). While, Swaroopa Pulivarthi et al. showed that new cutoff values of D-dimer testing were analyzed in a recent prospective study of pregnant women; they are 286 ng DDU/ml, 457 ng DDU/ml, and 644 ng DDU/ml for the first, second, and third trimesters, respectively (20).	Comment by Saeideh Akaber: بخش رنگی علیرغم اطلاع قبلی که نیاز به اصلاح بدلیل شباهت ادبی و Copy-Paste داشته متاسفانه تغییر چندانی نکرده است.
	Comment by Haleh: Ref 19 is someone else
	Comment by Haleh: Ref 20 is someone else


Ref. 21-46 are not mentioned in the text.
  
CONCLUSION
Our results showed that diagnosing VTE during pregnancy by D-dimer/progesterone ratio and D- dimer/estrogen ratio are accurate and with high sensitivity and specificity values. It allows predicting VTE in pregnant women immediately in Emergency and Obstetrics and Gynecology Departments and more critically ill patients with low clinical and para-clinical evidence such as imaging may benefit from these advantages of this scoring system, therefore, training this method to emergency physicians and obstetricians and gynecologists should be considered in our country or other countries. Further studies are required to confirm our findings.
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Go to:
Venous thromboembolism (VTE) is the leading cause of morbidity and mortality among hospitalized patients. We searched the PubMed database and reviewed the articles published until June 2011. Articles related to the D-dimer and VTE were considered to write this paper. Many factors play a key role in changing the sensitivity and specificity of D-dimer testing, including the extent of thrombosis and fibrinolytic activity, duration of symptoms, anticoagulant therapy, comorbidity due to surgical or medical illnesses, inflammatory diseases, cancer, elderly age, pregnancy and the postpartum period, and previous VTE. Many previous studies have shown that the D-dimer test is highly sensitive (>95%) in acute deep venous thrombosis or pulmonary embolism, usually with a cut-off value of 500 μg FEU/l, which reasonably rules out acute VTE, particularly in patients with low clinical probability (LCP) or intermediate clinical probability. Patients with high D-dimer levels upon presentation may prompt a more intense diagnostic approach, irrespective of pretest probability. Studies performed after a negative D-dimer for 3 months proved the high negative predictive value (NPV) of D-dimer testing together with LCP in patients with suspected VTE. Among oncology patients, D-dimer testing has the highest sensitivity and NPV in excluding VTE. The new cutoff values of D-dimer testing were analyzed in a recent prospective study of pregnant women; they are 286 ng DDU/ml, 457 ng DDU/ml, and 644 ng DDU/ml for the first, second, and third trimesters, respectively.
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