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Abstract
A 33-year-old gravidity three parity three (G3P3) woman at 34 weeks of pregnancy underwent fetal surgery
to repair an open lumbosacral myelomeningocele at 22 weeks gestation and experienced preterm premature
rupture of membranes as a result. She developed a saddle pulmonary embolus with signs of right heart strain
while on prolonged bed rest. She was treated emergently with aspiration thrombectomy and suprarenal
inferior vena cava (IVC) filter placement, followed by an uncomplicated cesarean delivery thereafter.
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Introduction
Thromboembolic events are one of the leading causes of death during pregnancy, accounting for 9.2% of all
pregnancy-related deaths - an incidence that is 10 times higher than in non-pregnant populations [1]. The
physiologic changes in pregnancy increase the likelihood of these events, particularly hypercoagulability
and venous stasis. Current guidelines recommend immediate introduction of low-molecular-weight heparin
upon confirmation of a thromboembolic event, yet hemorrhage is an ever-present concern in the parturient
[2]. When complicating or concerning medical history, such as recent surgery, is included in decision-
making, the appropriate care path becomes only more unclear.

The course of her care exemplifies the challenges that may arise during pregnancy as a result of the recent
advances in fetal surgery both in exposure to complications from the intervention and a hurdle to
determining optimal management strategy in emergencies.

Case Presentation
This patient was a 32-year-old gravidity three parity three (G3P3) female with a past medical history of
obesity and remote dilation and curettage (D&C) for incomplete spontaneous abortion. Her pregnancy was
complicated by a routine ultrasound finding the fetal presence of open lumbosacral myelomeningocele at L5
with osseous defect and hernia sac and Chiari II malformation characterized by bilateral ventriculomegaly at
20 weeks of pregnancy. Fetal surgery successfully repaired the open neural tube defect under
general anesthesia with a lumbar epidural placed for pain control at 22 weeks of pregnancy. Her pregnancy
was further complicated by a preterm premature rupture of membranes at 31 weeks, which was treated with
latency antibiotics, and betamethasone was given for fetal lung maturity. Activities were restricted to full
bedrest while remaining under inpatient care, which was planned for the remainder of her pregnancy with
plans for cesarean delivery at 34-35 weeks gestation.

Her stay was uneventful other than light, intermittent vaginal bleeding until 34 weeks gestation when she
was seen at the bedside and noted to have shortness of breath, palpitations, and pleuritic chest pain, which
occurred hours after intermittent right upper-medial thigh pain. Oxygen saturations declined to ~87%, and
she became tachycardic to 136 BPM and was placed on 15 liters of oxygen via a non-rebreather, which was
weaned to 2 L via nasal cannula over the following three hours. Computed tomography (CT) pulmonary
angiogram revealed a saddle embolus across the main pulmonary arteries with multiple, bilateral global
filling defects, which appeared worse on the right side, and moderate distension of the right heart chambers
(Figures 1, 2). The clot appeared to be 0.5 cm wide and spanned over 10 cm from end to end in the main
pulmonary arteries before branching into segmental arteries bilaterally. Labs performed included a troponin
T peak of 0.119 and a D-dimer of 10,930 ng/mL FEU. The YEARS algorithm, “a diagnostic algorithm that
determines the risk of pulmonary embolism (PE) derived from three items in the Wells score,” suggested that
anticoagulation was the next best step, and heparin infusion was initiated. She was transferred via a
helicopter to the medical intensive care unit (MICU) at a nearby tertiary facility with extracorporeal
membrane oxygenation (ECMO) capabilities. Her intermittent vaginal bleeding progressed into active
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bleeding, raising concerns for placental abruption or uterine rupture, and continuous fetal monitoring was
initiated. Despite this bleeding, heparin infusion was continued due to significant clot burden.

FIGURE 1: Coronal pulmonary CT angiogram demonstrating the longest
in-plane view of the thrombus seen across the pulmonary arteries.
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FIGURE 2: Transverse CT pulmonary angiogram demonstrating the
largest transection of the pulmonary thrombus, which measured
approximately 0.5 cm wide and spanned over 10 cm from end to end in
the main pulmonary arteries before branching into subsegmental
arteries (not included in this view).

A multidisciplinary team including maternal-fetal medicine, interventional radiology, and pulmonary
embolism response team (PERT) assessed the potential for maternal and fetal decompensation that would
require emergency cesarean delivery. The clot burden was deemed very likely to lead to decompensation
during delivery, so she was prepared for aspiration thrombectomy and inferior vena cava (IVC) filter
placement with cesarean delivery to follow. Prior to operative intervention, other labs and studies collected
included a complete blood panel (CBC) with hemoglobin of 10.4 g/dL (normal range 12.0-16.0 g/dL for
women), prothrombin time international normalized ratio (PT/INR) of 0.9 (normal range 0.8 to 1.1),
activated partial thromboplastin time (aPTT) of 26.9 seconds (normal range 25 to 35 seconds), and type and
screen. Bedside echocardiography was performed prior to surgery, which reconfirmed right heart dilation,
but no formal report or quantification of the dysfunction was created. Category I tracings on fetal
monitoring were maintained and active bleeding ceased prior to surgery. Transabdominal uterine
ultrasound at the bedside did not visualize signs of placental abruption or uterine rupture.

Intraoperative care for this patient was largely negotiated by risk stratification. Monitors included
continuous EKG, oxygen saturation, and non-invasive blood pressure per American Society of
Anesthesiologists (ASA) standard guidelines. A radial artery invasive blood pressure measurement was
established, as well as a central line access in the right internal jugular vein for medication administration
and the right femoral vein for completion of the thrombectomy. ECMO was on standby for both operating
room events but was not required. The anesthetic plan was monitored anesthesia care with the goal of
avoiding hemodynamic instability and exacerbation of right heart dysfunction that may occur during both
induction of general anesthesia and thrombectomy. The literature evidences a high chance for
decompensation during thrombectomy for parturients, which then requires the introduction of ECMO. She
was given versed, propofol bolus, fentanyl, 250 mL 5% albumin, and 1.5 L crystalloid. She remained stable
throughout the procedure with blood pressure remaining at 20% of her baseline ~100/65, and the heart rate
downtrended from 130 to 90. She remained on heparin infusion throughout the procedure and was then held
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upon removal of the clot. Pulmonary artery pressure prior to removal was 35/15 mmHg (mean 26) and was
19/8 mmHg (mean 13) post-thrombectomy. There was a blood loss of 300 mL.

She returned to the operating room two hours later for her cesarean delivery, which was performed under
spinal anesthesia with IV analgesia (midazolam, ketamine, fentanyl boluses, and propofol infusion).
Norepinephrine infusion was used for hemodynamic support, which successfully maintained blood pressures
within 20% of baseline, and she was given 250 mL 5% albumin and 2.25 L crystalloid. She was given two
units of packed red blood cells and four units of fresh frozen plasma (FFP) during the thrombectomy. Blood
loss was 950 mL. Immediately after the delivery, therapeutic heparin infusion was re-initiated, and therapy
was monitored with scheduled anti-factor Xa assay, PT/INR, and aPTT. She received an additional three
units of packed red blood cells in the subsequent three days, but post-operative hemoglobin measurements
continued to downtrend. Labs were ordered to monitor anticoagulation and investigate coagulopathy in the
setting of decreasing hemoglobin, and fibrinogen remained unchanged at 429 mg/dL (normal range 200 to
400 mg/dL), aPTT was within the therapeutic range, and platelets remained stable at ~170,000 platelets per
microliter (normal range 150,000 to 450,000 platelets per microliter).

On post-operative day 4, she developed progressing abdominal and chest pain. CT of the abdomen and
pelvis demonstrated a 15 x 14 x 8 cm rectus sheath hematoma in the anterior pelvis and a small
nonocclusive filling defect in the middle hepatic vein that was suspected to be a thrombus. Therapeutic
heparin was held with plans for restart in 10-14 days. Aggressive deep vein thrombosis (DVT) prophylaxis
and intermittent pneumatic compression (IPC) stockings, thromboembolic deterrent (TED) hose, and
adequate hydration were utilized in the meantime. On post-operative day 6, a repeat CT abdomen revealed
that her hematoma had stabilized but a new, non-occlusive supra-IVC filter thrombus developed that
extended into the right renal vein, causing approximately 50% occlusion. Therapeutic heparin infusion was
then restarted, and her hemoglobin level remained stable. She was transitioned to subcutaneous low-
molecular-weight heparin (LMWH) after three days and was discharged with plans for transition to warfarin
in three weeks and close follow-up with maternal-fetal medicine and vascular surgery.

During outpatient follow-up, echocardiography was repeated, which demonstrated resolution of the right
heart dilation seen on CT pulmonary angiogram. Tests for congenital coagulopathy were ordered, including a
lupus anticoagulant panel, cardiolipin antibody, beta-2 glycoprotein antibody, and tests for inherited
thrombophilia - prothrombin gene, APC resistance, protein C/S, and antithrombin III levels.

Discussion
Pulmonary embolism is the third most common cardiovascular disease behind coronary artery disease and
stroke with an annual incidence of approximately 70 per 100,000, and current data suggest that rates may be
much higher due to the presence of a “silent PE” formation in up to 50% of patients with DVT [3-4]. Of note,
autopsy reports show that a mere 30-35% of PE are diagnosed before death [5]. Furthermore, venous
thromboembolism is more common during and shortly after pregnancy due to increases in coagulation
factors I, II, VII, IX, and XII, decreases in protein C, and impaired fibrinolysis with increased plasminogen
activator inhibitors (PAI-1 and PAI-2). The presence of venous stasis from a high plasma volume state,
requirement for prolonged postpartum bed rest, and high risk for intravascular wall damage increase risk
further - in many ways, pregnancy is the “perfect storm” of Virchow’s triad. Risks for an event are only
elevated by comorbidities that increase hypercoagulability, such as pre-existing heart disease, obesity,
anemia, diabetes, hypertension, and pregnancy complications, such as antepartum hemorrhage, cesarean
delivery, and requirement for transfusion [5].

Testing for pulmonary embolism is outlined by the YEARS algorithm, which aims to correlate the presence of
clinical signs with D-dimer to determine whether CT pulmonary angiography imaging is appropriate (Figure
3). Radiation exposure to a pregnant mother and her fetus is a risk not to be taken lightly, and the YEARS
algorithm has been adapted for pregnancy to include preliminary ultrasound imaging for DVT in hopes of
avoiding its use to detect abnormalities when present. When found, these guidelines lead to the initiation of
anticoagulation therapy immediately, most typically low-molecular-weight-heparin and less often tissue
plasminogen agents, such as alteplase [6].
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FIGURE 3: YEARS algorithm
CTPA: computed tomography pulmonary angiography

Fetal surgery is a relatively new means of addressing congenital abnormalities where invasive repair during
the second trimester outweighs the risks of delivery and neonatal surgery. Although this development in
care is revolutionary, the risk for any maternal complication has been reported as 20.9% for open fetal
procedures and 6.2% for fetoscopic surgery [7]. Of great concern, serious and life-threatening maternal
complications make up 4.5% and 1.7% of these, respectively [8]. Of those categorized as severe
complications, placental abruption and uterine rupture were by far the most commonly seen. Both
pathologies often present with vaginal bleeding with or without the presence of pain. Other complications
that have been reported as a result of fetal surgery include chorioamnionitis and sepsis, pulmonary edema,
hemorrhage requiring both transfusion and urgent delivery, and bowel obstruction. There is a direct
correlation between the number of fetal interventions and the likelihood of iatrogenic preterm premature
rupture of membranes with an incidence as high as 48% after open surgery and 36% follow fetoscopic
procedures [6]. This is due to the inability of the gestational sac to fully heal after the intervention [9]. It is
reasonable to connect the occurrence of PPROM in this mother to the prior fetal surgery. Due to her PPROM,
she required inpatient management of her condition, which included orders for bed rest and activities
limited to minimal ambulation and resting in a bedside chair. Intermittent bleeding during this time was a
contraindication for subcutaneous heparin administration as a form of DVT prophylaxis [10].

The past medical history of fetal surgery in the setting of confirmed pulmonary embolism creates a
landscape for decision-making with little guiding evidence in the literature to rely on. In the presence of
active vaginal bleeding, one is risking that there may be a complication that has been masked by other
symptoms or otherwise undetected. If thrombolytic therapy is given to treat pulmonary embolism, a
placental abruption or uterine rupture has the potential to escalate to an immediate life-threatening event.
In either event, urgent/emergent delivery is required. Resolution of the clot burden must then be triaged
against delivery of the fetus, and the probability of decompensation during delivery due to an ongoing
cardiopulmonary event is far too high to risk. This is reason enough to utilize invasive modalities for
intervention including placement of IVC filter and either catheter-directed vs. surgical thrombectomy.
Oftentimes, extracorporeal membrane oxygenation is a part of the management plan for therapy, which can
be used as sole therapy or bridging to thrombectomy.

This management is the safest effective plan for a mother with a history of fetal surgery and predisposition
for complications from anticoagulation. In this patient, catheter-related thrombectomy and IVC filter
placement successfully resolved the embolus without longstanding complications on her cardiac or
pulmonary function as demonstrated by postoperative echocardiography, and it made successful subsequent
cesarean delivery a safe and uncomplicated procedure as well.

Preventative measures must be put in place to decrease the likelihood of thrombotic events in the setting of
bleeding in PPROM. Guidelines for more rigorous activity may have minimized the potential for venous
stasis and development of DVT, which occurred in this patient who experienced right medial thigh pain
hours prior to her shortness of breath and chest pain. There are numerous mechanical prophylaxis strategies
that may be utilized, including physiotherapy and exercises, use of graduated compression stockings, foot
pumps, and intermittent pneumatic compression devices [11]. Conversely, these activities may be
contraindicated in mothers with a history of fetal surgery who have not experienced PPROM as it would
increase the risk of it occurring. For those who experience PPROM, more vigorous activity may lead to
undesirable progression toward labor despite efforts to delay. Best management must be determined on a
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patient-by-patient basis using informed clinical judgment. Patient education and awareness play an
important role in early venous thromboembolism (VTE) detection as well. As few as 25% of patients
interviewed in global surveys were aware that there was an increased risk of VTE events while hospitalized
[12]. Early reporting of symptoms can lead to timely intervention and prevent a worse clinical scenario.
Tools for the prediction of risk, such as the Padua Risk Assessment Model, have been developed, but their
use has yet to be applied to patients in an obstetric setting to a degree that guides the use of mechanical
prophylaxis.

Conclusions
Pregnancy is a state that alters baseline physiological function in a multitude of ways. Many of these
changes align Virchow’s triad toward a much greater chance of thromboembolic events. The emergence of
interventions, such as fetal surgery, are revolutionary means to improve outcomes for neonates but also
carry considerable risks for both the mother and fetus, many of which can be life-threatening.

Current guidelines for therapy for pulmonary embolism in pregnancy primarily rely on thrombolysis, which
exposes mothers with a history of fetal surgery to exceptionally high risk. This case demonstrates how this
event can be successfully managed with immediate thrombolysis, mechanical thrombectomy, and IVC filter
placement and allow for safe delivery of the fetus.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Patrick J. Connell, Monica Cheriyan, Sabry Ayad, Leonardo A. Marquez Roa, Jorge
Araujo-Duran

Acquisition, analysis, or interpretation of data:  Patrick J. Connell, Monica Cheriyan, Sabry Ayad,
Leonardo A. Marquez Roa, Jorge Araujo-Duran

Drafting of the manuscript:  Patrick J. Connell

Critical review of the manuscript for important intellectual content:  Patrick J. Connell, Monica
Cheriyan, Sabry Ayad, Leonardo A. Marquez Roa, Jorge Araujo-Duran

Supervision:  Monica Cheriyan, Sabry Ayad

Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References
1. Abe K, Kuklina EV, Hooper WC, Callaghan WM: Venous thromboembolism as a cause of severe maternal

morbidity and mortality in the United States. Semin Perinatol. 2019, 43:200-4.
10.1053/j.semperi.2019.03.004

2. Wiegers HM, Middeldorp S: Contemporary best practice in the management of pulmonary embolism during
pregnancy. Ther Adv Respir Dis. 2020, 14: 10.1177/1753466620914222

3. Taenaka H, Ootaki C, Matsuda C, Fujino Y: Successful pulmonary embolectomy for massive pulmonary
embolism during pregnancy: a case report. JA Clin Rep. 2017, 3:44. 10.1186/s40981-017-0116-3

4. Meignan M, Rosso J, Gauthier H, et al.: Systematic lung scans reveal a high frequency of silent pulmonary
embolism in patients with proximal deep venous thrombosis. Arch Intern Med. 2000, 160:159-64.
10.1001/archinte.160.2.159

5. Pineda LA, Hathwar VS, Grant BJ: Clinical suspicion of fatal pulmonary embolism. Chest. 2001, 120:791-5.
10.1378/chest.120.3.791

6. van der Pol LM, Tromeur C, Bistervels IM, et al.: Pregnancy-adapted YEARS algorithm for diagnosis of
suspected pulmonary embolism. N Engl J Med. 2019, 380:1139-49. 10.1056/NEJMoa1813865

7. James AH: Venous thromboembolism in pregnancy. Arterioscler Thromb Vasc Biol. 2009, 29:326-31.
10.1161/ATVBAHA.109.184127

8. Sacco A, Van der Veeken L, Bagshaw E, Ferguson C, Van Mieghem T, David AL, Deprest J: Maternal
complications following open and fetoscopic fetal surgery: a systematic review and meta-analysis. Prenat

2024 Connell et al. Cureus 16(2): e54607. DOI 10.7759/cureus.54607 6 of 7

javascript:void(0)
https://dx.doi.org/10.1053/j.semperi.2019.03.004?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1053/j.semperi.2019.03.004?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/1753466620914222?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/1753466620914222?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s40981-017-0116-3?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s40981-017-0116-3?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/archinte.160.2.159?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/archinte.160.2.159?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1378/chest.120.3.791?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1378/chest.120.3.791?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJMoa1813865?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJMoa1813865?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/ATVBAHA.109.184127?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/ATVBAHA.109.184127?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/pd.5421?utm_medium=email&utm_source=transaction


Diagn. 2019, 39:251-68. 10.1002/pd.5421
9. Forde B, Habli M: Unique considerations: preterm prelabor rupture of membranes in the setting of fetal

surgery and higher order pregnancies. Obstet Gynecol Clin North Am. 2020, 47:653-69.
10.1016/j.ogc.2020.08.008

10. Carr M, Towers C, Eastenson A, Pircon R, Iriye B, Adashek J: Prolonged bedrest during pregnancy: does the
risk of deep vein thrombosis warrant the use of routine heparin prophylaxis?. J Matern Fetal Med. 1997,
6:264-7. 10.1002/(SICI)1520-6661(199709/10)6:5%3C264::AID-MFM4%3E3.0.CO;2-E

11. Bagaria SJ, Bagaria VB: Strategies for diagnosis and prevention of venous thromboembolism during
pregnancy. J Pregnancy. 2011, 2011: 10.1155/2011/206858

12. Henke PK, Kahn SR, Pannucci CJ, et al.: Call to action to prevent venous thromboembolism in hospitalized
patients: a policy statement from the American Heart Association. Circulation. 2020, 141:e914-31.
10.1161/CIR.0000000000000769

2024 Connell et al. Cureus 16(2): e54607. DOI 10.7759/cureus.54607 7 of 7

https://dx.doi.org/10.1002/pd.5421?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.ogc.2020.08.008?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.ogc.2020.08.008?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/(SICI)1520-6661(199709/10)6:5%3C264::AID-MFM4%3E3.0.CO;2-E?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/(SICI)1520-6661(199709/10)6:5%3C264::AID-MFM4%3E3.0.CO;2-E?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1155/2011/206858?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1155/2011/206858?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/CIR.0000000000000769?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/CIR.0000000000000769?utm_medium=email&utm_source=transaction

	Management of Acute Saddle Pulmonary Embolism in Pregnancy Following Fetal Surgery
	Abstract
	Introduction
	Case Presentation
	FIGURE 1: Coronal pulmonary CT angiogram demonstrating the longest in-plane view of the thrombus seen across the pulmonary arteries.
	FIGURE 2: Transverse CT pulmonary angiogram demonstrating the largest transection of the pulmonary thrombus, which measured approximately 0.5 cm wide and spanned over 10 cm from end to end in the main pulmonary arteries before branching into subsegmental arteries (not included in this view).

	Discussion
	FIGURE 3: YEARS algorithm

	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


