Maternal Death with Pulmonary Arterial Hypertension：Case report
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RUNNING TITLE: Case Reports of Two Maternal Death with Pulmonary Arterial Hypertension
Abstract

Background: Pulmonary arterial hypertension (PAH) is one of the most serious complications of maternal and there are higher risk of mortality.

Case Summary: We reported two maternal deaths of PAH retrospectively, one of which was PAH complicated with severe preeclampsia. Both patients died within one week after delivery.
Conclusion: It is important for the clinicians to understand the pathophysiological characteristics of right heart failure and make an early diagnosis of PAH, especially combined with severe preeclampsia. Close monitoring and treatment on hemodynamics guided by intensive ultrasound and develop a multidisciplinary team（MDT） that including obstetricians, anesthesiologist, ICU physician and cardiologist is also important.
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   Pulmonary arterial hypertension (PAH) is a complex multifactorial group of conditions diagnosed by an elevated mean pulmonary artery pressure of 20 mmHg or higher on right heart catheterization. The diagnosis of pulmonary hypertension in pregnancy is important, as it is associated with high rates of maternal mortality, even with modern management. Here are some experiences from two cases of maternal death because of PAH.

Case 1

    A 23-year-old G2P0 woman with a body mass index (BMI) of 29 kg/m2 was admitted at 33 3/7 weeks of gestation. She reported a 7-day history of lower limb edema and 3-day history of dizziness. Her initial physical condition was as follows: alert, body temperature (36.5°C), respiratory rate (22b.p.m), heart rate (88 b.p.m), blood pressure (135/97 mmHg), SaO2 was 93%. Bilateral fingers were clubbing fingers, with edema of both lower limbs (+ + +). Peripheral blood tests disclosed with hemoglobin and hematocrit levels of 16.5 g/dL and 57%, respectively, a platelet count of 77×103/μL and white blood cell count 12.2×103/μL. Additionally, laboratory data of serum revealed albumin 222.8 g/L, lactate dehydrogenase 488 IU/L, urea nitrogen, creatinine, blood glucose and electrolytes were normal. Her arterial blood gas analysis showed pH 7.38, PaO2 93mmHg（FiO2 0.4）, PaCO2 32 mmHg, standard bicarbonate 22.5 mmol/L and base deficit of -1.7 mEq/L. Her urine protein (++). Ultrasound showed that the fetal growth retardation, the age of head and femur both were 29 weeks.
    The patient was admitted to the obstetric ward and was initially diagnosed as severe preeclampsia, partial hemolytic anemia, elevated liver function and low platelet count (HELLP) syndrome, hypoproteinemia, cardiac insufficiency and intrauterine growth restriction. After 18 hours of admission, due to the deteriorating situation of breath and saturation, she was performed "cesarean section in the lower uterine segment". During the operation, 1500ml was put in and 900ml was taken out, bleeding only 150ml, the blood oxygen saturation fluctuated from 80% to 90%.
    The patient was admitted into intensive care unit （ICU）after operation with heart rate 98 b.p.m, blood pressure 117/90 mmHg, oxygen saturation 85% and central venous pressure（CVP）12 cmH2O. She accepted invasive ventilation and strengthening heart, diuresis and vasodilation management according the diagnosis of cardiac insufficiency, the initial ventilator parameter setting was respiratory rate 20 b.p.m，pressure support was 16cmH2O, positive end expiratory pressure (PEEP) 10 cmH20，fraction of inspiratory oxygen (FiO2) was 90%. On the day of operation, her fluid balance was -500ml in ICU (13 hours).

In the first day after operation, her heart rate 102 b.p.m, blood pressure 100/70 mmHg, oxygen saturation maintained between 75% and 85% with the same ventilator parameters and CVP 12 cmH2O. A color Doppler echocardiography was done to her, which indicated that the right atrium and right ventricle enlargement, tricuspid valve and pulmonary valve regurgitation, the diameter of the left ventricle was smaller, the ventricular septum and the free wall of the left ventricle moved in the same direction. No effusion was found in pericardial cavity. Doppler ultrasound showed that there was a little regurgitation of pulmonary valve and tricuspid valve, and the systolic pressure of pulmonary artery was 70mmHg. Combined with the high hemoglobin（16.5 g/dL in admission）and clubbing fingers, we supplemented the diagnosis of chronic severe pulmonary hypertension and down regulated PEEP to 6 cmH20 as well as strengthen dehydration and the liquid limitation. In the first day after operation, her fluid balance was -2800ml.

In the morning of second day after operation, the patient’s blood pressure began to down slowly, her arterial blood gas analysis showed pH 7.44, PaO2 48 mmHg（FiO2 1.0）, PaCO2 36 mmHg, standard bicarbonate 25.8 mmol/L and base deficit of 1.2mEq/L, lactic acid 1.5mmol/L; her peripheral blood tests showed white blood cell count rose to 15.2×103/μL with NE74.4%, hemoglobin and platelet count down to 108 g/dL and 65×103/μL. Considered that the patient's blood pressure was only about 90 / 70 mmHg and CVP still 12 cmH2O, we reduced the dosage of dehydrating drugs to slow down the rate of negative liquid balance. 6 hours later, she died of a sudden cardiac arrest. In the second day after operation, her fluid balance was -600ml (8 hours).

Case 2
   A 32-year-old G3P0 woman with BMI of 27 kg/m2 was admitted at 33 3/7 weeks of gestation. Her chief complaint was that she could not lie on her back for a month and coughed for more than 10 days. Her initial physical condition was as follows: alert, body temperature (36.5°C), respiratory rate (20b.p.m), heart rate (78 b.p.m), blood pressure (120/78 mmHg), SaO2 was 95%. There were moist rales in both lungs and grade 3 systolic murmur in precordial area, edema of lower limbs(+++). Peripheral blood test showed white blood cell count 13.9×103/μL, hemoglobin 9.5g/dL and a platelet count of 351×103/μL, type B atrial natriuretic peptide (BNP) was 357 pg/ml, D-Dimer was 7.95 μg/ml. Color Doppler ultrasound showed right heart enlargement, moderate and severe tricuspid regurgitation, pulmonary artery pressure of 74mmHg, and a small amount of pericardial effusion, no venous thrombosis was seen in both lower limbs. Fetal ultrasound showed that the head age was 33 weeks and the femoral age was 31 weeks.
On the second day after hospitalization, the patient underwent a cesarean section of the lower uterine segment to terminate the pregnancy. The intraoperative blood loss was 350 ml. After the operation, the patient was transferred to the ICU ward and been infused 2 U of red blood cells because of hemoglobin decreased to 7.2 g. On the fifth day after hospitalization, the patient's shortness of breath improved and her pulmonary artery CT examination showed that the main pulmonary artery, left and right pulmonary arteries and their main branches were well developed. Due to the remission of shortness of breath, the patient was transferred back to the obstetric ward on the morning of the sixth day after admission at the strong request of the patients and their families. 

6 hours after returning to the obstetric ward, the patient's blood pressure dropped to 82 / 46mmHg, accompanied by decreased urine output and increased dyspnea. Her blood gas analysis showed metabolic acidosis, lactic acid 5.6mmol/L, hemoglobin 10.2g/dL, her color Doppler ultrasound showed that the right heart was enlarged, the interventricular septum was straight, and the pulmonary artery pressure was 76mmHg. We considered that the patient was a pulmonary hypertension crisis caused by fluid overload and prepared to transfer the patient to ICU for continuous renal replacement therapy(CRRT）. In the process of preparation for transportation, the patient suddenly appeared cardiac arrest and died after rescue.
Discussion
Pulmonary hypertension is one of the most serious complications of parturient women. Because of special pathophysiological mechanism, there are many different managements on liquid balance, anesthesia, operation, postoperative treatment and ventilator settings. A study on the outcome of 151 women with pulmonary hypertension showed that although the general mortality rate dropped to 4.6% (7 / 151), the mortality rate of idiopathic pulmonary arterial hypertension (iPAH) was still as high as 42.9% (3 / 7) [1]. PAH is the first group of pulmonary hypertension classification, with higher risk of complications and mortality [2]. Because of the atypical clinical manifestations of PAH, clinicians should have enough vigilance to find clues and make early diagnosis, which is the most important first step for the survival of women with PAH [3]. We hope to share some experience through the death review of two maternals with PAH.

The first case was diagnosed as HELLP syndrome 5 years ago. At that time, pulmonary embolism was considered as the cause of death, and we thought her  death was inevitable [4]. Now looking back again, we found that there were obvious defects and errors in the diagnosis and treatment process. 

    First of all, although the patient did not diagnose PAH during pregnancy, she had obvious dizziness and clubbing fingers, hypoxemia and increased hemoglobin. An experienced doctor should suspect the underlying disease of cardiovascular or lung basic diseases and immediately give a color Doppler echocardiography to find out the cause. Early diagnosis of PAH can at least get the following help: obstetricians may be more active in choosing to terminate pregnancy as soon as possible; anesthesiologists may not choose general anesthesia and will be more strict in controlling intraoperative fluid intake, because a study have suggested an associated between general anesthesia and maternal mortality in women receiving general compared with neuraxial anesthesia for delivery [5]; ICU physicians may strengthen diuretic treatment or even choose continuous blood purification treatment, as well as a lower PEEP. The first maternal death was due to the domino effect caused by doctors' low vigilance to PAH and delayed diagnosis.
   Secondly, the first patient had severe preeclampsia with hypoproteinemia and partial HELLP syndrome at the same time. It has been reported that the proportion of PAH with severe preeclampsia was as high as 6.7% [6]. On the first day after the operation, the patient's hemoglobin decreased, but there was no obstetric hemorrhage and serious infection. At that time, we explained the decrease of hemoglobin by Hellp syndrome. If time goes back，we will also consider maybe hemodilution was another reason for a dropped hemoglobin level, because of the change of postpartum hormone level and the release of abdominal pressure, as well as the fluid of peripheral tissue edema in severe preeclampsia returned to the great vessels. This kind of internal liquid infusion quietly increased the preload of right heart and misled clinicians to set a small goal for negative fluid balance in patients.The decrease of blood pressure on the second day after operation was exactly the manifestation of low cardiac output caused by overload of right ventricle, which is the most serious manifestation of right heart failure. At this time, dehydration should be strengthened for reverse fluid resuscitation instead of decreasing the dosage of dehydrating agent. 

The second case in 3 years ago obviously had more experience in PAH treatment, including cardiac color Doppler ultrasound diagnosis of PAH in the early stage of admission, timely termination of pregnancy, control of fluid volume and infusion speed. After the patient's condition improved obviously, due to poor compliance, she insisted on refusing ICU treatment. After being transferred to the general ward for 6 hours, her condition changed dramatically. We considered that the rapid infusion speed and didn't get a good rest was the possible reason.
PAH patients have a special pathophysiological mechanism, progressive right heart failure is the most common cause of deterioration [3]. The right heart is not a thinner left heart. In patients with severe right heart insufficiency, the preload reserve function of the right heart is significantly reduced, and the tension-free or low tension stage is significantly shortened or disappeared, a very small amount of fluid change may lead to a significant change in cardiac output and a large fluctuation in hemodynamics [7]. The increase of right ventricular pressure compressed the left ventricle through the interventricular septum, the decrease of left ventricular volume led to the limitation of diastolic function, the decrease of cardiac output, and then the decrease of blood pressure and oxygenation. The spasm of pulmonary artery because of the low blood pressure and oxygenation aggravated the pulmonary hypertension to enter the vicious circle of autonomic deterioration.

 Although the WHO against pregnancy for PAH women, the actual situation was that PAH women had a significant increase in the trend [3]. Clinicians should strengthen their vigilance in the early diagnosis of PAH, be familiar with the pathophysiological characteristics of right heart failure, do a good job on reverse fluid resuscitation, especially should enlarge the amount of negative fluid balance considered the endogenous fluid transfer, strictly limit the infusion speed of patients and ensure that patients have sufficient rest, especially in the peak period of death within one week after operationstrengthen the close monitoring and treatment of hemodynamics guided by intensive ultrasound, emphasize a multidisciplinary team（MDT）that including obstetricians, anesthesiologist, ICU physician and cardiologist.
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