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Abstract
BACKGROUND
Thrombotic pulmonary embolism (TPE) is one of the most critical diseases in obstetrics but is rarely reported in caesarean section (CS) because TPE patients in CS have a high risk of death and are difficult to diagnose. This case report of TPE during CS was recorded by transthoracic echocardiography (TTE) and can provide a reference for the differential diagnosis of critical illnesses in CS.

CASE SUMMARY
A 37-year-old pregnant woman with rheumatic heart disease (RHD), gravida 5 and para 1 (G5P1), presented for emergency CS at 33 wk and 3 d of gestation under general anesthesia because of acute heart failure, pulmonary hypertension and arrhythmia. After placental removal during CS, TTE revealed a nascent thrombus in the inferior vena cava (IVC) that elongated, detached and fragmented leading to acute thromboembolic events and acute TPE. This report presents the whole process and details of TPE during CS and successful rescue without any sequelae in the patient. This case gives us new ideas for the diagnosis of death or cardiovascular accidents during CS in pregnant women with heart disease and the detailed presentation of the rapid development of TPE may also elucidate new ideas for treatment. This case also highlighted the importance of prophylactic anticoagulation in the management of heart disease during pregnancy.

CONCLUSION
Pregnancy with heart failure could trigger inferior vena cava (IVC)-origin TPE during CS. Detection and timely treatment can avoid serious consequences.
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Core Tip: Thrombotic pulmonary embolism (TPE) is one of the most critical diseases in obstetrics but is rarely reported in caesarean section (CS), especially thrombus originating from the inferior vena cava. This case report describes a 37-year-old pregnant woman with rheumatic heart disease who developed TPE during CS and recorded the whole process by transthoracic echocardiography. This case provided experience for the differential diagnosis of amniotic fluid embolism in CS. This case also reminds us of the importance of pregnancy management and prophylactic anticoagulants in pregnant women with heart disease, and if not, an intensive care team is needed to ensure patient safety.

INTRODUCTION
Thrombotic pulmonary embolism (TPE) occurs when a blood clot wedges into an artery in the lungs[1]. It remains a major cause of cardiovascular and respiratory collapse and maternal mortality during caesarean section (CS)[2-4]. Most reported cases of TPE during pregnancy or CS are considered to be caused by thrombosis originating from the deep veins of the lower limbs or the pelvic veins[5]. In this case report, we present a pregnant patient with rheumatic heart disease (RHD) who developed a nascent thrombus in the inferior vena cava (IVC) during CS. The thrombus elongated to the heart and detached off to the pulmonary artery where it fragmented and resulted in an acute incomplete bilateral pulmonary embolism. It is valuable for us to understand the occurrence, development and pathogenesis of TPE and no previous cases have been reported. Due to the timely diagnosis and treatment during CS, this case did not cause serious consequences, but her pregnancy management deserves our reflection. Moreover, this case also suggests that intraoperative transthoracic echocardiography (TTE) has very important clinical value in critically pregnant patients for monitoring safety when undergoing CS.

CASE PRESENTATION
Chief complaints
A 37-year-old pregnant woman at 33 wk and 3 d of gestation had been diagnosed with RHD 4 mo ago. She was admitted to the intensive care unit (ICU) of our hospital complaining of orthopnea, anhelation and lower extremity edema.

History of present illness
The patient was first diagnosed with RHD at 12 wk of gestation. She developed cardiac enlargement with moderate pulmonary hypertension (PH) at 28 wk of gestation followed by atrial fibrillation (AF) at 29 wk of gestation. At 33 wk of gestation, she experienced severe heart failure which had worsened in the last 24 h.

History of past illness
The patient was gravida 5, 1-0-0-0-1, with 3 spontaneous abortions because of embryo hepatocytes. The outcome of her first pregnancy more than 10 years earlier was a natural birth without any discomfort.

Personal and family history
The patient denied a history of thrombosis, smoking, tuberculosis, and alcohol or drug use. No family members had similar diseases.

Physical examination
The patient’s heart rate was 145 beats/min, blood pressure was 113/82 mmHg, respiratory rate was 25 breaths/min, and oxygen saturation by pulse oximetry (SaO2) was 100% on room air. The patient’s current weight was 82 kg, BMI (before pregnancy) was 25.3 kg/m2, a total weight gain was 15 kg during pregnancy. There were no obvious abnormalities in the fetus.

Laboratory examinations
The patient’s N-terminal pro brain-type natriuretic peptide was 1880 pg/mL, activated partial thromboplastin time (APTT) was 27.0 s, fibrinogen was 4.45 g/L, and D-dimer was 660 ng/mL. The cardiogram showed AF. The urine analysis and arterial blood gas was normal.

Imaging examinations
The TTE showed RHD with severe mitral regurgitation (MR), mild mitral stenosis, moderate aortic regurgitation (AR), severe tricuspid regurgitation (TR), heart dilatation, left ventricular ejection fraction (LVEF) of 52% and a pulmonary artery systolic pressure (PASP) of 75 mmHg. The patient’s right heart (RH) chamber was enlarged and the left ventricle was hypokinetic. The routine TTE monitoring in pregnancy are shown in Table 1.
During the CS, the TTE revealed a nascent thrombus that fluttered in a serpentine manner in the IVC after placental removal. The thrombus grew rapidly. From 81 mm at discovery to 155 mm in 18 min. The average growth rate was 4.1 mm/min. At 32 min after discovery, the thrombus detached to the tricuspid valve. At 43 min after discovery, the thrombus detached off to the pulmonary artery, where it fragmented and resulted in acute incomplete bilateral pulmonary embolism, and contemporaneously with the PASP increasing sharply to 93 mmHg, SaO2 decreased to 96%. Moreover, small thrombosis attachment to the mitral valve and left atrial appendage (LAA) were detected. The detailed thrombotic changes are shown in Figure 1. Postoperative computed tomography angiography showed that the right main pulmonary artery, the middle and lower branch of the right pulmonary artery and its branches, and the left lower branch of the pulmonary artery were embolized (Figure 2). Ultrasonic examination revealed no deep vein thrombus of the lower extremities during the perioperative period.

MULTIDISCIPLINARY EXPERT CONSULTATION
When TTE discovered the IVC thrombus, we urgently organized the multidisciplinary team (MDT) discussion for rescue plan. The team included the department of obstetrics, anesthesiology, vascular surgery, cardiology, cardiac surgery, ICU, ultrasound medicine, etc. The obstetrician’s advice was that the patient with heart disease already has two children and that the uterus could be removed in this emergency to avoid the risk of massive bleeding. The anesthesiology and cardiology’s advice were that once the fetus had been removed, thrombolytic and anticoagulant therapy should be performed immediately and the circulatory system could be stabilized through various drugs to ensure the safety of the maternal life. Vascular surgery suggested that ultrasound-guided vascular interventional thrombolytic therapy could be performed if a TPE occurred. Cardiac surgery suggested emergency thoracotomy for thrombus removal when those treatments failed. The ICU recommended extracorporeal membrane oxygenation at all times to ensure maternal safety.

FINAL DIAGNOSIS
The patient was diagnosed with a TPE.

TREATMENT
At 12 wk of gestation, the patient had no PH or clinical symptoms. After health education, the physician required a regular follow-up to prenatal examination once a month in the second trimester, but the patient did not comply.
At 28 wk of gestation, the patient was referred to the critical maternal care center of our hospital for cardiac enlargement and moderate PH and developed AF at 29 wk. The patient did not show significant discomfort. Through diuretic and cardiotonic property treatments, cardiac indicators decreased, accompanied by mild PH. Considering that the patient had no history of thrombosis and related family history, prophylactic anticoagulation was not performed during the 2 wk of treatment and was discharged to home. The patient was advised to return for examinations 3 d later but the patient did not comply.
At 33 wk of gestation, she experienced severe heart failure and was admitted to the ICU at our hospital. The patient was treated for cardio tonicity, diuresis and the reduction in PASP but the signs and symptoms of heart failure were not alleviated after 2 d. After an MDT discussion, emergency CS was performed under general anesthesia, and TTE was used for intraoperative monitoring for patient safety.
During the CS, we discovered the IVC thrombus and made an MDT discussion and informed consent with the patient’s family. Low molecular weight heparin (LMWH) at 140 mL intravenous injection was performed immediately. After hysterectomy, 60 mL and 50 mL LMWH were performed separately and the SaO2 increased to 98%, PASP gradually decreased to 71 mmHg and the patient’s condition stabilized. The patient’s cardiac volume and dynamics indexes during the perioperative period of CS is shown in Figure 3.
After the operation, the patient was treated with LMWH 30 mL q12 h for 3 d, and the patient’s SaO2 stabilized at 100%. The patient’s condition remained stable. One week later she was discharged home with warfarin 2.5 mg qd anticoagulant therapy. Details and timeline of thrombosis development and anticoagulation process are shown in Table 2.

OUTCOME AND FOLLOW-UP
After treatment of the patient, the heart failure gradually improved and hemodynamics returned to normal. The patient was followed up for 6 mo and showed no discomfort, such as, shortness of breath or dyspnea during this period.

DISCUSSION
Heart disease increases the risk of complications during pregnancy, especially during the perinatal period and CS[6]. Pregnancy in women with heart disease will not only lead to the deterioration of heart disease but also increase the mortality during CS, especially in patients with PH, whose perinatal mortality is 5% to 36%[7-9], and the cause of death is often complex and varied.

The causes of IVC thrombosis
The pregnant woman in this case had RHD and a thrombus occurred in the IVC rather than in the LAA or deep veins of the lower limbs. The possible reasons are as follows: (1) There may have been injury to the endothelium of the IVC because the patient had long-term right heart overload and a considerable amount of TR in the third trimester of pregnancy. and the patient’s IVC had widened with a collapsible index of less than 50%. Therefore, damage to the endothelium of the IVC, which is one of the conditions for the development of a thrombus can be easily caused[10]; (2) PH increases the resistance of the IVC blood flow to the heart. The patient in this case developed severe PH which resulted in an unstable blood flow state. PH also caused right heart failure and severe TR. These factors cause red blood cells to accumulate in the IVC which is another condition for the development of thrombi; (3) the blood is hypercoagulable during pregnancy; (4) CS itself is a risk factor for venous thrombosis[11]; and (5) AF and neither standardized anticoagulation therapy nor anti-heart failure treatment were administered during pregnancy. Therefore, those factors might have triggered thrombosis during CS[12,13].

Pregnancy management
We reviewed that the patient’s pregnancy was poorly managed, the patient lacked awareness about her disease and physicians failed to follow up with the patient in time resulting in the failure of strict management of the pregnant patient with heart disease as required. In addition, physicians’ insufficient understanding of prophylactic anticoagulation during pregnancy was also a reason. The patient was at multiple risk of thromboses, such as pregnancy, CS, RHD, PH and AF; prophylactic anticoagulation should be considered to reduce the risk of perinatal maternal death[14,15].
The patient reported in this case was fortunate to avoid serious adverse events. From this case, we also learned that comprehensive anti-risk management is important if we encounter patients who fail to receive standardized treatment during pregnancy. Intraoperative TTE can be used to monitor the heart for perioperative management.

The time of thrombus development
Some case reports indicate that intraoperative TPE occurs after removal of the placenta during CS[16,17]. In this case, the placenta had just been removed when we detected the thrombus and TPE occurred 43 min after removal of the placenta. In addition, the sharp increase in PASP during the suction of amniotic fluid may be an adverse factor. We speculate that the time of thrombus development may have been after amniotic fluid absorption. Therefore, TTE can be used for key monitoring at these two stages during CS for the early detection of anomalies. In this case, the development and changes in the thrombus moved rapidly but without serious consequences. We consider that the morphology and timely dissolution of the thrombus by total heparinization treatment stopped it from occluding the main pulmonary artery and prevented thrombus enlargement in other areas such as the LAA and mitral valve. Therefore, the patient was able to avoid cardiovascular and respiratory collapse.

Differential diagnosis
TPE patients present with wheezing, dyspnea, chest pain or gasping. If not treated correctly, disseminated intravascular coagulation (DIC) can occur[18]. Therefore, it is necessary to distinguish amniotic fluid embolism (AFE). Venous air embolism (VAE) during CS also needs to be differential with TPE. TPE, AFE and VAE are the most common critical diseases in CS. They have the same clinical features including PH, heart failure, hypoxia, hypotension and DIC. However, their pathological mechanisms are completely different.
AFE is an exclusive diagnosis that excludes complications of CS with similar clinical presentations, such as acute pulmonary embolism, acute myocardial infarction, perinatal cardiomyopathy, anaphylactic shock, and anesthesia accidents. Intraoperative TTE can be used to diagnose the differential of these diseases. The patients with AFE have no specificity image by TTE. The main manifestations image are cardiac enlargement, PH, cardiac dysfunction and cardiac arrest[19-22]. However, cardiac abnormalities in patients with acute TPE usually manifest as an increase in the right heart volume, a decrease in the left heart volume and right heart dysfunction[23]. These differences can be distinguished from AFE, but if the patient has a pre-existing heart disease, the cardiac changes in acute pulmonary embolism are atypical and can be identified by finding an embolus as reported in this case.
VAE is extremely rare, air pulmonary embolism (APE) is the most common type[24]. The disease progression and clinical symptoms of APE and TPE were not significantly different. Their differentiation is the acoustic characteristics of the embolus[25]. In APE, a large amount of air entering the right heart can mix with the blood to form foamy blood, which can lead to circulatory failure and even death[26]. The TTE acoustic characteristics of foamy blood show strong echoes of bubbles of different sizes in the blood. Bubbles can also attach to the endocardium and chordae tendineae and color Doppler displays show that laminar flow was replaced by turbulence in the heart cavity[27]. It is important to observe granular bubbles in the right heart by TTE before developing APE.

Transthoracic echocardiographic monitoring
Intraoperative echocardiographic monitoring has received increasing attention[28,29]. Intraoperative echocardiographic monitoring is an advantage to obtain cardiac structural images and data than other methods. In addition, it has no effect on the surgical process but it must be performed by doctors with specialized training. Its main applications include: (1) Routine surgical monitoring by transesophageal echocardiography (TEE), which is mainly used for real-time monitoring of changes in patients’ cardiac function and blood volume, especially elderly patients or patients whose volume needs strict control[30]; (2) intraoperative monitoring of cardiovascular surgery by TEE can improve the success rate of surgery and reduce the occurrence of surgical complications. For example, in valve replacement, plastic surgery, left atrial auricular occlusion, atrial septal puncture, etc. Intraoperative TEE can accurately provide images and data for surgeons[31-33]; and (3) intraoperative monitoring of non-cardiovascular surgery by TTE. Compared with TEE, TTE is safer to operate and has larger echo windows in which more information is available. TTE is mainly used to monitor potential cardiovascular problems during surgery. However, preoperative evaluation and intraoperative risk factor analysis should be performed in advance according to each patient’s condition to formulate the main monitoring content and prevent the occurrence of unknown risks[29,34].

CONCLUSION
Pregnancy with heart failure could trigger TPE during CS if the patient is not strictly managed and administered prophylactic anticoagulation. In addition to the deep veins of the lower limbs and pelvic veins, thrombi may form in the IVC. The speed of thrombus aggregation in CS is very rapid, and timely treatment can greatly reduce the occurrence of serious complications. Intraoperative TTE can be used to detect thrombosis timely and distinguish TPE from AFE and APE.
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Figure Legends
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Figure 1 The dynamic process of inferior vena cava thrombus. The images obtained from transthoracic echocardiography during caesarean section (CS); the time is displayed in the upper left corner; the dotted line outlines the thrombus. A: Inferior vena cava (IVC) was normal before CS; B: A nascent IVC thrombus appeared after placental removal during CS; C-E: The thrombus grew rapidly and extended to the tricuspid valve orifice in a serpentine manner; F: The thrombus moved to the tricuspid valve orifice; G: The thrombus detached from the heart; H: A partial thrombus was seen in the right main pulmonary artery. IVC: Inferior vena cava; LA: Left atrium; RA: Right atrium; LV: Left ventricle; RV: Right ventricle; RPA: Right pulmonary artery; LPA: Left pulmonary artery; MPA: Main pulmonary artery.
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Figure 2 Chest computed tomography angiography after caesarean section. A: Right main pulmonary artery embolism; B: Right main pulmonary artery embolism and inferior branch embolism; C: Left lower branch pulmonary artery embolism (as shown by the arrow).
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Figure 3 Cardiac volume and dynamics indexes at perioperative period of caesarean section. A: Cardiac volume and dynamics indexes by transthoracic echocardiograph; B: Cardiac volume and dynamics indexes by hemodynamic monitoring. “1” represents 20 min before laparotomy; “2” represents after suction amniotic fluid; “3” represents after removal of the fetus; “4” represents after removal of placenta; “5” represents after uterine suture; “6” represents after abdominal closure; “7” represents postoperative day. EDV: End diastolic volume; ESV: End systolic volume; SV: Stroke volume; LVEF: Left ventricular ejection fraction; TR: Tricuspid regurgitation; PASP: Pulmonary arterial systolic pressure; CVP: Central venous pressure; SaO2: Oxygen saturation by pulse oximetry; HR: Heart rate; SBP: Systolic blood pressure; DBP: Diastolic blood pressure.

Table 1 Routine transthoracic echocardiography monitoring
	Gestation (W)
	LAD (mm)
	LVDD (mm)
	RA (mm)
	LVEF (%)
	LVFS (%)
	MVA (cm2)
	MR (cm2)
	AR (cm2)
	TR (cm2)
	PASP (mmHg)
	Cardiac rhythm

	28 +
	63
	58
	56 × 41
	58
	31
	2.3
	23.3
	2.7
	5.1
	63
	Normal

	29 +
	64
	61
	54 × 40
	67
	38
	2.3
	17.6
	3.6
	3.5
	46
	AF

	30 +
	65
	59
	51 × 43
	66
	37
	2.3
	18.4
	3.6
	2.1
	37
	AF

	33 +
	65
	54
	60 × 48
	52
	27
	2.3
	26.7
	4.0
	14.5
	75
	AF

	Preoperative day 1
	63
	54
	59 × 51
	52
	27
	2.3
	24.6
	4.2
	14.3
	53
	AF

	Postoperative day 1
	62
	52
	58 × 46
	45
	22
	2.3
	19.5
	7.3
	8.1
	54
	AF


RA: RATD × RALD. LAD: Left atrial diameter; LVDD: Left ventricular end diastolic diameter; RA: Right atrial; RATD: Right atrial transverse diameter; RALD: Right atrial longitudinal diameter; LVEF: Left ventricular ejection fraction; MAV: Mitral valve area; MR: Mitral regurgitation; AR: Aortic regurgitation; TR: Tricuspid regurgitation; PASP: Pulmonary arterial systolic pressure; AF: Atrial fibrillation.

Table 2 The timeline of thrombosis development and thrombotic pulmonary embolism
	Check times
	Patient states
	End of the thrombus reaches
	Thrombus size (long × thick, mm)
	Tr (cm2)
	Pasp (mmHg)
	SaO2 (%)
	Act (s)
	Lmwh dose (mL)

	10:40 am
	20 min before CS
	-
	-
	8.5
	45
	99
	-
	-

	11:23 am
	After removed fetus
	 IVC
	81 × 11
	10.8
	56
	96
	-
	-

	11:26 am
	Suturing the uterus
	IVC entrance
	86 × 12
	13.7
	56
	96
	-
	-

	11:36 am
	After uterine suture
	RA
	100 × 13
	10.7
	54
	98
	-
	-

	11:41 am
	Ligation uterine arteries
	Tricuspid valve
	155 × 13
	6.8
	64
	99
	-
	-

	11:55 am
	Suturing the skin
	Fall off to RH
	55 × 28
	5.0
	69
	98
	114
	140, iv

	12:06 am
	Informed consent
	Fall off to LPA, RPA
	Undeterminable
	12.2
	93
	96
	380
	-

	12:10 am
	 Hysterectomy
	Located at LPA, RPA
	Undeterminable
	11.0
	90
	97
	429
	60, iv

	1:50 pm
	Closed abdomen
	MV and LAA appeared thrombus
	17 × 15 in LAA, others undeterminable
	11.6
	71
	98
	384
	50, iv

	Postoperative day 1
	In ICU
	Located at LPA, RPA, LAA
	17 × 15 in LAA, Others undeterminable
	8.1
	54
	100
	-
	30/q12h, HI


TR: Tricuspid regurgitation; PASP: Pulmonary arterial systolic pressure; SaO2: Oxygen saturation by pulse oximetry; ACT: Activated coagulation time; LMWH: Low molecular weight heparin; ICU: Intensive care unit; IVC: Inferior vena cava; RA: Right atrial; RH: Right heart; LPA: Left pulmonary artery; RPA: Right pulmonary artery; MV: Mitral valve; LAA: Left atrial appendage; iv: Intravenous; HI: Hypodermic injection.
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