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Abstract: This paper reports two cases of postpartum pulmonary embolism in Taicang First People’s Hospital affiliated to Soochow
University. They share many similarities in age, fertilization way, birthing method, incidence of pulmonary embolism, treatment and
prognosis. The main purpose is to inspire the current maternal PTE risk assessment, diagnosis and treatment, as well as to explore the
existing limitations and problems.
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Introduction

Venous thromboembolism (VTE) includes deep vein thrombosis (DVT) and pulmonary embolism (PE). Pulmonary
embolism during pregnancy and postpartum is one of the important causes of maternal mortality.' > However, reliable
data and guidelines guided diagnosis and treatment have not reached a definitive conclusion yet,* and there are still more
studies that need to be further improved. In the United States, PE accounts for 9.2% of pregnancy-related deaths.’
Compared with non-pregnant women of the same age, pregnant women have higher risk of developing PE, and this risk
increases throughout pregnancy, peaking after delivery.® It is well recognized that pregnancy increases the risk of
thromboembolism owing to conditions involving hypercoagulability, decreased mobility, and the compression of the
inferior vena cava and pelvic veins.” Apart from that, there may be more risk factors that we can discuss in these two
highly similar cases: the two cases had assisted reproductive techniques (ART) or in vitro fertilization (IVF) process in
common, studies have shown that IVF is maternal risk factors for PE in pregnancy;® Cesarean section is a traditional
surgery; PE-related morbidity and mortality are particularly high in cesarean section; some studies have pointed out that the
cumulative incidence of PE after cesarean section is higher than that after vaginal delivery.” Besides, it was found that the
common symptoms of PE overlap with the typical symptoms such as shortness of breath and edema in normal pregnancy, '
and plasma D-dimer levels are elevated physiologically during this period, which is not necessarily related to thromboem-
bolic complications.'""'? The imaging examination plays a diagnostic role, which has many limitations in the special period

of pregnancy, making it difficult for pregnant women to diagnose PE. The case reports followed the CARE Guidelines. "

Case Presentation

History of IVF

They were both 32-year-old female patients with a history of IVF. Case 1 chose IVF because of infertility for 2 years.
The specific data could not be provided, but she was found to have fallopian tube obstruction by the preoperative
examination, and the ART succeed after the first operation. In case 2, IVF was chosen because of infertility for 5 years,
and the cause of infertility was not found exactly, and succeeded after the first successful operation.
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Relevant Conditions During Pregnancy

Case 1 was admitted to the obstetrics department of our hospital on February 19, 2020, for “fetal distress may be found at 39th
week after IVF”, presenting without abdominal pain or vaginal bleeding. She had a history of “subclinical hypothyroidism”
but no medication. General physical examination on admission was normal. Color Doppler ultrasound revealed a single,
cephalic position, survival fetal; fetal biparietal diameter (FBD): 95mm, abdomen Circumference (AC): 345mm, amniotic
fluid index (AFI): 139mm, placenta grade II. The plasma D-dimer was 4140 ng/mL, and oxytocin challenge test (OCT) was
performed negative, the blood routine, coagulation test, liver and kidney function and electrolyte were generally normal. The
patient refused to try vaginal delivery and asked for termination of pregnancy. Lower uterine cesarean section + uterine
B-Lynch suture was performed under combined anesthesia on February 21. A baby girl weight 3580g was delivered in left
occiput anterior (LOA) position with the Apgar score 10 for both 1 minute and 5 minutes. The blood plasma levels of D-dimer
decreased in three consecutive days after surgery, measured at 7470ng/mL, 4910ng/mL and 3900ng/mL, respectively. The
general condition of the patient was improved later, without cough, chest tightness, shortness of breath, hemoptysis and other
discomfort. She was discharged on February 26 and instructed to follow-up in the outpatient clinic one week later.

Case 2 was admitted to hospital on June 29, 2020, for “chest tightness for 1 week and IVF after 9 months”. She was suffered
from repeated chest tightness and discomfort one week before the admission, slept in a high position at night, without
palpitation and dyspnea. She had a history of double mammary fibroma resection. OGTT test showed as 4.12-10.15-7.44
mmol/L after 28 weeks of menopause so that “Gestational Diabetes Mellitus (GDM)” was diagnosed, which was intervened
by dietary and monitoring blood glucose without medication. After 23 weeks of menopause, irregular abdominal distension
occurred repeatedly, which became worse after standing up and walking, so she stayed in bed for a long time. Abdominal
distension became worse half a month before admission, but without abdominal pain. General physical examination on
admission was normal. Color Doppler ultrasound revealed a single, cephalic position, survival fetal; BPD: 95mm, AC:
340mm, AFI: 129mm, placenta grade I. The blood routine, coagulation test, liver and kidney function and electrolytes were
almost normal, plasma D-dimer was measured at 3050ng/mL, and OCT was performed negative. Considering the history of
IVF, chest tightness and discomfort that cannot be relieved, but the gestational age was small and complicated with
gestational diabetes, the fetus was at risk of immature. The patient and his family insisted on caesarean section. Lower
uterine cesarean section + uterine B-Lynch suture was performed under combined anesthesia on July 1. A baby girl weight
2920g was delivered in LOA position with the Apgar score 10 for 1 minute and 5 minutes. The plasma D-dimers were
examined twice after operation and were 5940ng/mL and 2550ng/mL, respectively. Ultrasonography did not find lower
limb vein thrombosis. Gradient tension socks were used for treatment, and appropriate activities were asked. The general
condition of the patient improved later, without cough, chest tightness, shortness of breath, hemoptysis and other
discomfort. She was discharged on July 25 and instructed to follow-up in the outpatient clinic one week later. The clinical
features of the patients are shown in Table 1.

Table | Main Clinical Features of 2 Patients

Cases I 2

Cause of IVF Fallopian tube obstruction Unknown

History Subclinical hypothyroidism GDM; Breast fibroma; Recurrent shortness of
breath

Ways of delivery Caesarean section Caesarean section

Reason of caesarean section Requirements Requirements and chest tightness

Gestational age 39+6W 37+4W

Prevention and treatment of thrombus after Follow up D-dimer Gradient tension socks; Follow up D-dimer

operation

Note: The two cases were no postoperative hemoptysis, shortness of breath and other inappropriate.
Abbreviations: IVF, in vitro fertilization; GDM, gestational diabetes mellitus.
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The Related Situation of Postpartum PE

Case 1 was followed up as requested after discharge, and D-dimer was reexamined 7440ng/mL in the respiratory clinic of
our hospital on March 5, 2020. The patient was presented with shortness of breath after activity. Computed tomographic
pulmonary angiography (CTPA) showed pulmonary embolism in the anterior segment of the upper lobe of the right lung,
the outer basal segment of the lower lobe of the right lung and the posterior basal segment (Figure 1A—C), and ultrasound
demonstrated no abnormalities in lower limb vein. She was admitted to the respiratory department of our hospital. The
heart rate was 124bpm. After admission, she was treated with anticoagulation immediately by subcutaneous injection of
low molecular weight heparin (LWMH) calcium 4100U twice daily and instructed to stay in bed and keep defecation
unobstructed. Plasma D-dimer was reexamined 2690ng/mL on March 9. On the fifth day in our hospital, as the patient’s
condition stabilized, LMWH was replaced by oral Rivaroxaban 15mg once daily. She was discharged two days later, and

Figure | (A-C) Pulmonary embolism (PE) of case | shown in the computed tomographic pulmonary angiography (CTPA). The red arrow indicates the site of the
pulmonary embolism. (A) PE in the outer basal segment of the lower lobe of the right lung and the posterior basal segment; (B) PE in the anterior segment of the upper lobe
of the right lung; (C) PE in the outer basal segment of the lower lobe of the right lung and the posterior basal segment, filling defects can also be seen in the left lung
(Coronal plane).
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oral Rivaroxaban was prescribed for continued anticoagulant therapy. During the outpatient follow-up, D-dimer
decreased steadily. D-dimer was 910ng/mL, and the CTPA showed normal findings, which suggested completed recovery
of PE on May 12, so the patient ended the treatment and follow-up and had a good long-term survival.

Case 2 was suffering from paroxysmal chest tightness, shortness of breath, discomfort, slight cough, mainly dry cough
after last discharge. D-dimer was reexamined 1500ng/mL in the respiratory clinic of our hospital on July 19, 2020, and
blood gas analysis, blood routine and troponin were normal. CTPA showed pulmonary embolism in right lower segment
of the right lung (Figure 2), and ultrasound demonstrated no abnormalities in lower limb vein. According to the clinical
manifestations, CT image and results of laboratory tests, a diagnosis of PE was established. She was admitted to the
respiratory department of our hospital for “Pulmonary embolism after cesarean section”. General physical examination
on admission was normal. After admission, the patients were given anticoagulation therapy immediately by subcutaneous
injection of Enoxaparin 4100U twice daily, and the patient was instructed to stay in bed and keep defecation
unobstructed. During her hospital stay, the patient had liver damage (ALT 59U/L) and postpartum depression, which
were treated in time. Because the patient’s urine occult blood was positive, considering the risk of continued bleeding,
Enoxaparin was replaced by subcutaneous injection of Fondaparinux sodium 2.5mg once daily on July 23. After re-
examination, urinary occult blood decreased and urinary B-ultrasound was normal. Fondaparinux sodium was discon-
tinued and changed to oral Rivaroxaban 15mg once daily on July 25. D-dimer reexamined 560ng/mL on July 26, ALT
72.5U/L, AST 50U/L, urine occult blood turned out negative, and she has no chest tightness, shortness of breath, cough
and other discomfort. The patient required discharge with medicine and was told to continue anticoagulation therapy by
oral Rivaroxaban and follow-up. During the follow-up, the liver function was improved, and the CTPA showed normal
findings which suggested completed recovery of PE on September 18, so the patient ended treatment and follow-up, and
had a good long-term survival.

The time from delivery to diagnosis of PTE was 14 days in case 1 and 18 days in case 2. PTE occurred in different
segments: case | was located in the anterior segment of right upper lung, the outer basal segment and posterior basal
segment of right lower lung and case 2 was located in the right lower lung. No deep venous thrombosis (DVT) was found
in both patients by ultrasound. They both had shortness of breath. The symptoms of case 1 were mild, while those of case
2 lasted for 10 days, showing paroxysmal symptoms with dry cough. The main examination results of these two patients
are shown in Table 2.

Discussion

Pulmonary embolism (PE) is the abbreviation of pulmonary artery embolism, and its incidence is the third most common
vascular disease behind coronary heart disease and stroke.'* It refers to the clinical syndrome in which one or more
pulmonary arteries are blocked by endogenous or exogenous emboli, resulting in pulmonary circulation and right heart
dysfunction. It was reported that the absolute incidence of pregnancy-associated VTE was 1/1000 to 1/2000 deliveries,

Figure 2 Pulmonary embolism (PE) of case 2 shown in the computed tomographic pulmonary angiography (CTPA). The red arrow indicates the pulmonary embolism in
right lower segment of the right lung.
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Table 2 The Main Indicator of PE

Cases | D-D Pre-Delivery | D-D Post- E-D When Time From Treatment D-D for the Last
(ng/mL) Delivery (ng/mL) | Diagnosed with Delivery to Time (ng/mL)
PTE (ng/mL) PTE (days)
| 4140 7470 7440 14 (2020/02/ LMWH-calcium 1340

21-2020/03/05) /Rivaroxaban

2 3050 5940 1500 18 (2020/07/ Enoxaparin/ 160
01-2020/07/19) Rivaroxaban

Abbreviations: D-D, D-dimer; LMWH, low molecular weight heparin.

5-fold higher than that in non-pregnant women of the same age, and risk-related VTE is also higher in postpartum than
during pregnancy.'® According to a 30-year population-based study in the USA, the incidence of PE is 47.9 per 100,000
women-years, and the incidence of VTE in the first three months after delivery is higher than that in pregnancy, that the
risk of VTE is 20 to 80 times higher in the first 6 postpartum weeks and 100-fold higher in the first postpartum week.'”

These two patients had a lot in common, both of them were 32-year-old female patients and of pregnancy-age. In some
ways, they were different from ordinary pregnant women and they both had a history of in vitro fertilization (IVF). The IVF
procedure normally involves controlled ovarian stimulation with exogenous hormones used to induce ovulation. Then,
through the incubation of egg and sperm, or by direct intracytoplasmic injection of sperm into the egg, the fertilized embryos
were transferred directly to the uterus a few days later or can be cryopreserved used for future embryo transfer.® It was recently
found that there is a 7-fold increase in the incidence of PE during the first trimester of an IVF pregnancy as compared to
spontaneous pregnancy.'®'® The main hypothetical reasons are as follows: (1) Sex hormone increase vascular permeability
mainly by the increase of ovarian renin-angiotensin system, prostaglandins, histamines, cytokines, vascular endothelial
growth factor/vascular factor (VEGF/VPF) and so on, a large amount of fluid and protein were transferred to other chambers,
resulting in intracavascular volume concentration. Typical hyperphysiological estrogen levels increased 10,100 folds in ART,
and hyperconnectivity state may occur accordingly;'**° 2) Women who receive IVF are more prone to VTE, which means
that the cause of infertility may be the risk factor of PE. The cause may exactly lead to the higher incidence of VTE in the IVF
group. We do lack information on acquired thrombophilia and other comorbidities increasing the risk of thrombosis, such as
the antiphospholipid syndrome or inflammatory diseases. At the same time, it can be argued that women undergoing IVF may
be healthier and have a lower risk of VTE, because only those who meet the health requirements will be the candidates for
IVE.?" Inspired by the theory, we can review our cases again. Both patients went through an IVF and succeeded for the first
time, so compared with spontaneous pregnant women, hyperphysiological dose of estrogen stimulation must be a risk factor.
However, we also need to discuss in terms of infertility etiology of the two patients. Before IVF, both patients and their
partners underwent physical examination. Exactly, case 1 had a cause of tubal obstruction, but there was no evidence to
support tubal patency leading to PE. However, the cause of case 2 was not found. In other words, the cause of infertility in two
patients, or the cause that can be found, was not a risk factor. Beyond that, both patients met the health requirements of IVF.
However, it was important to notice that case 1 had a history of subclinical hypothyroidism, which may be another cause of
infertility besides tubal obstruction. Because several meta-analytical studies and randomized trials have confirmed that
subclinical hypothyroidism and thyroid autoimmunity are closely associated with premature birth and miscarriage in
pregnancy, untreated or in some cases undiagnosed thyroid diseases may lead to infertility, which may be induced by high
levels of prolactin (PRL), anovulatory cycles and female hormone defects.”**' Accordingly, we found that subclinical
hypothyroidism can lead to coagulation disorders and DVT: in a large-scale study, Danescu et al found that patients with
hypothyroidism had an increased risk of VTE.*>?* Case 2 developed GDM. It has been suggested that hyperglycemia
promotes vascular inflammation in patients with GDM and diabetes, thereby increasing the risk of cardiovascular events.**
Many studies have studied many risk factors and confirmed the association between diabetes and PE in pregnancy.
A Norwegian registry-based case—control study showed that diabetes increases the risk of VTE by 4-fold, but they do not
find that GDM predicts postpartum VTE, suggesting that prenatal and postpartum VTE may be involved in different

mechanisms.?>%¢
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In addition, the patients both had a history of C-section (caesarean section), just as mentioned above, postpartum is at
high risk of VTE, especially after C-section. It has been recognised that C-section is an independent risk factor for PE. In
a Swedish retrospective study, C-section increased the risk by 5-fold and 3-fold in the Norway study mentioned above.?’
The etiology of PE in pregnancy is multifactorial. Crucial mechanisms include gradual activation of the hemostatic
system, progressive development of hormone-induced regional stasis of blood flow and pelvic venous compression from
the enlarging uterus. The impacts of these mechanisms reach a peak in the late pregnancy. C-section surgery can further
enhance hypercoagulable state, because tissue damage, catecholamine release and systemic inflammatory responses
resulting from surgery synergistically activate coagulation factors and platelets. Besides, it can also decrease deep vein
blood flow in legs and aggravate regional stasis. These mechanisms reasonably explain the high incidence of PE in
women with caesarean section.”®

Clinical manifestations of PE in pregnancy are widely variable, typical signs and symptoms can be present, but PE
remains more often a non-specific event with atypical or mild clinical presentation, or signs and symptoms often overlap
with physiological changes that occur during normal pregnancy, which can delay timely diagnosis.'® When several
clinical features were present in pregnant and postpartum women with suspected PE, no significant correlation was found
between any individual or group characteristics and PE. Predictive value could be improved by improving the specificity
of the experiment, such as chest radiography. It was estimated that pregnant or lactating women are at a higher risk
exposure due to breast tissue proliferation, even increasing the risk of breast cancer (Note: case 2 had a history of breast
hyperplasia). Albeit to an unknown extent, this is an important consideration.?’

The modified Wells score (WMS)*’ was initially described by Wells in 1995 and subsequently modified,independent
of imaging or biomarkers has been recognized in the non-pregnant population, which can also predict the pretest
probability of PE in pregnant women to some extent. A recent small study in 100 pregnant women validated the
WMS and showed adequate sensitivity and specificity, as well as high negative predictive value for cut-off points,
compared with CTPA (100%), although the positive predictive value remained poor at 36%.'° In our case, the WMS
score of case 1 was 1.5 (history of caesarean section within 4 weeks) and the score of case 2 was 1.5 (history of caesarean
section within 4 weeks), which indicated that some defects existed in the early detection and diagnosis.

High level of D-dimer is a reliable predictor, which has high sensitivity and moderate specificity in non-pregnant women
compared with that of ECG, imaging examination and arterial blood gas.?” D-dimer is a minor protein product with negligible
levels in the circulation due to endogenous fibrinolysis. Many studies have examined the level of D-dimer during pregnancy
and showed that D-dimer values were higher during pregnancy compared to nonpregnancy. In addition, the level of D-dimer
was also increased in the third trimester of normal pregnancy. However, the reason for the increase of D-dimer included
proclotting factors produced during normal placental growth, hormone changes, blood flow slowed down, activity reduced,
and vascular damage increased due to anatomical changes.'® This results in a physiological increase in the concentration of
D-dimer in the blood of the mother during pregnancy until delivery, which is not necessarily associated with
thromboembolism.'* Therefore, D-dimer may be less effective as a PE screening indicator in these populations. As noted
before, D-dimer increased gradually during pregnancy and peaked on the first day after delivery.”” Considering the
physiological status of pregnant women, the recommended reference range of plasma normal D-dimer levels (<500ng/mL)
is not suitable for pregnant and perinatal women to screen VTE, which increases the false positive rate and may lead to
unnecessary imaging examination and anticoagulation therapy. Several studies have attempted to increase the critical value of
pregnancy-associated VTE or finding a higher reference range of D-dimer to improve the predictive value of the D-dimer test
that maintain a high sensitivity while improving the specificity.’® For example, a prospective study shows raising the D-dimer
standard to 1000ng/mL with none of the following three criteria: clinical signs of DVT, hemoptysis, and PE as the most likely
diagnosis throughout pregnancy.®' Another retrospective analysis pointed out that the women suspected of PE after cesarean
section, the level of D-dimer within 24 hours had an important diagnostic value, and the cut-off value was suggested to be
800ng/mL. It is also recommended that patients with suspected PE after cesarean section with D-dimer levels above 1000ng/
mL should start anticoagulation and perform diagnostic imaging examination, PE can basically be ruled out when the D-dimer
level is below 800 ng/mL.*” There is no international consensus on the diagnostic guidelines for PE during pregnancy due to
the lack of strong evidence to verify the diagnostic algorithm. In our two study, the two cases delivered by C-section measured
D-dimer at 7470ng/mL and 5940ng/mL, respectively, strongly suggesting the possibility of PE, imaging and anticoagulation
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therapy were necessary. When PE was diagnosed, D-dimer of case 2 was significantly lower than that after delivery, which
may be related to the longer time interval of thrombosis. Case 2 was diagnosed on the 18th day compared to 14th day. In
addition, it may be related to the extent of thrombotic load, and studies have shown that more extensive PE-related degradation
of larger embolism that assessed by CT angiography does induce greater D-dimer release.’>> As shown in the above pictures,
there were three vascular embolisms with larger area in case 1. While in case 2, only the right lower pulmonary artery was not
completely embolized. In addition, case 2 took some measures to prevent thrombosis, such as elastic socks and early exercise,
which may promote blood circulation to some extent.

We also noticed that case 2 suffered from postpartum depression, insomnia and other adverse emotions, and received
short-term drug treatment. These unhealthy emotions were considered to be associated with VTE development. It was
presumed that these factors promote the hypercoagulable state through autonomic and neuroendocrine pathways. Several
studies have found a significant relationship between antidepressant use and VTE.** Existing available epidemiological
observations suggest that both depression and antidepressant use may be associated with an increased risk of VTE. This
association is more consistent among women.>”

Acute treatment consists of anticoagulants as the first-line treatment. Low molecular weight heparin (LMWH) and
unfractionated heparin (UFH) can both be used safely in pregnancy, since they are unable to cross placental barrier.
However, LMWH is the first anticoagulant of choice for VTE in pregnancy due to its better bioavailability, low risk of
bleeding, and low rates of heparin-induced thrombocytopenia and osteopenia. The standard dose of enoxaparin is 1mg/kg
subcutaneous injection every 12 hours.”® When LMWH is not available, UFH can also be considered, because it has a short
half-life and is readily reversible and is also preferred in cases of renal dysfunction.>” There are no adequately powered
randomised controlled trials comparing UFH with LMWH for the treatment of VTE during pregnancy. However, in
nonpregnant patients, it was demonstrated that patients treated with LMWH had lower thrombotic complications, bleeding,
and mortality than UFH.* Warfarin, an oral vitamin K antagonist (VKA), is not used in pregnancy, as it crosses the placenta
and can be teratogenic. In the postpartum period, coumadin is breastfeeding-compatible. Postpartum patients receiving
therapeutic anticoagulation may need to be bridged from LMWH or UFH to warfarin to avoid the risk of recurrent
VTE.>®** In our cases, both of them were patients with postpartum PTE, but elevation of D-dimer in postpartum is not
necessarily associated with VTE. Anyway, the levels of 7470ng/mL and 5940ng/mL are highly suggestive of the possibility of
VTE. According to WMS score, the patients both are low-risk, so they were discharged and asked to follow up after
symptomatic treatment. This matters because case 2 did have suspicious symptoms such as chest tightness, which was similar
to the symptoms in the third trimester of pregnancy, and was very likely to be overlooked, but case 1 was asymptomatic, so the
follow-up seems important. In the treatment after the diagnosis of PTE, all of our patients received regular anticoagulation
therapy and gradually transitioned to oral warfarin, and they all achieved relatively good prognosis.

Conclusion

From these two case reports, we can infer that IVF, cesarean section, GDM, hypothyroidism and even depression may be
related to the occurrence of postpartum PTE. The increase of D-dimer has certain reference significance, but because of
the special physiological changes in pregnancy, the reference range that can improve the predictive value of D-dimer is
inconclusive; for patients with postpartum PTE, the recommended treatment is generally intensive anticoagulation with
LWMH, followed by transition to oral warfarin.

Statement
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