[bookmark: _xnfsfgr14drf]Supplementary material 2 – Maternal Posture During Medical Procedures

Maternal posture during medical procedures may impact fetal physiology. Here, we have organized our findings into fertility procedures, clinical growth assessment, imaging, external cephalic version, surgical procedures, advanced cardiovascular life support, and advanced trauma life support.
[bookmark: _m0fndz57coe8]Fertility
Most of the literature we found relating to maternal posture in the periconceptional period was related to fertility procedures. For oocyte retrieval, we found one case report reporting use of the lateral recumbent posture in a patient with severe thigh adduction contracture preventing the standard supine lithotomy posture.(1)

Traditionally, supine posture and bed rest following embryo transfer (ET) has been recommended as a way to prevent embryo expulsion by gravity.(2) However, this has been challenged by more recent evidence in a Cochrane Review by Abou-Setta et al., which did not support remaining in the supine posture following ET for any particular length of time.(3) A systematic review and meta-analysis by Craciunas and Tsampras in 2016 including four randomized controlled trials (RCT) and 757 participants showed that bed rest following ET did not improve clinical pregnancy rate (PR) and live birth rate but reduced the implantation rate (IR).(4) This was corroborated by Cozzolino et al. in a 2019 systematic review and metaanalysis of five RCTs and 1,002 women, which found no difference in clinical pregnancy, live birth rate, ongoing PR, miscarriage rate, multiple pregnancy rate, or IR with immediate mobilization follow ET in comparison to bed rest.(5) It is unclear whether these meta-analyses accounted for uterine anteversion or retroversion. Agarwal et al. reported no difference in clinical PR after ET between anteverted and retroverted uteri,(6) but they did not account for maternal posture. It is thought that most retroverted uteri convert to an anteverted position during the ET procedure anyways, even with a full bladder.(7) We highlight uterine version because one study we found by Knutzen et al. implies that there is an interaction between uterine version and patient posture immediately following ET vis à vis optimization of PR as follows: 1) patients with an anteverted uterus should remain in the knee-chest posture, and 2) patients with a retroverted or axial uterus should remain supine.(8)

The “embryo flash position” refers to the air bubbles seen at the time of ultrasound-guided ET. These air bubbles are thought to represent the position of the embryo as the embryo cannot be directly visualized by ultrasound. Following ET, the majority, but not all, embryo flashes undergo significant migration towards the fundus.(9) The location of the embryo flash and the direction of its movement at 60 min, but not at 1 or 5 min after transfer, is associated with clinical outcome (higher IR and PR with location <15 mm from fundus), which challenges the traditional notion that the exact position of the embryo flash immediately following ET is related to clinical outcome.(9) Another study corroborates this, which found that the position of the air bubbles after ET is related to PR with the highest PR when the air bubbles end up closer to the fundus.(10) That said, the location of the embryo flash within the first 60 minutes of ET is an imperfect predictor of the embryo implantation site as it correlates this site in only half of cases.(11) It seems that standing shortly after ET does not play a significant role in the final position of embryo flash and is unlikely to be a factor in determining the position of embryos transferred to the uterine cavity during treatment with in vitro fertilization.(12,13) Taken together, these studies indicate that while the embryo undergoes significant migration following ET and the embryo implantation site is an important factor for PR, the embryo’s implantation site is influenced by factors other than gravity and maternal posture, such as uterine contractions,(3,11) deposition site, and negative pressure generated by removal of the transfer catheter.(3)

For intrauterine insemination (IUI), at least two RCT’s support the assertion that 10-15 minutes of supine immobilization following IUI is beneficial for PR, ongoing PR, and live birth rate.(14,15) A later and larger RCT in the Netherlands, however, showed no positive effect of 15 minutes of supine immobilization following IUI on PR.(16)
[bookmark: _k51lgvk3uku1]Clinical Growth Assessment
The symphysis-fundal height (SFH) measurement is a key assessment completed at each antenatal care appointment starting at 24 weeks’ gestation in singleton pregnancies.(17) The SFH is a crude screening test that, if measuring small or large for gestational age, prompts the clinician to complete an ultrasound scan to assess fetal growth and wellbeing. In a study by Engstrom et al., the SFH measurement was taken on pregnant participants in four different postures by four different clinicians.(18) Measurements were found to be significantly different in the four postures with the highest mean SFH in the supine posture and lowest mean SFH in the trunk elevated with knees flexed posture (1.69 cm lower than the supine SFH).(18) This study indicates the importance of clinicians standardizing their own technique for measuring SFH, with particular attention to maternal posture, in all antenatal visits.
[bookmark: _ymr2h25x6l3t]Imaging
[bookmark: _c1hu98zhltyx]Cervix
Several papers over the last few decades have reported posture-dependent changes in cervical morphology, mainly through the use of ultrasound imaging, although this finding was not consistent and depended on the gestational age. For example, a study of patients with high risk pregnancies revealed that 14 of 16 participants where cervical length (CL) shortened by more than 33% when transitioning from supine to standing went on to have preterm birth (PTB).(19) This was compared to only 1 of 25 in the group with smaller CL changes suggesting maternal postural related CL shortening could be used to identify patients at risk for PTB. Further work by Meijer-Hoogeveen et al. reported a study aimed at predicting PTB through the assessment of rapid CL shortening in the third trimester.(20) This longitudinal transvaginal ultrasound study reported minimal differences in CL between supine and upright postures, but the authors did conclude that CL measurements between 37 and 38 weeks gestation could be used to predict the onset of labor, which has doubtful clinical utility. Unfortunately, both the sensitivity and negative predictive value (NPV) of this approach was low, primarily due to inter-individual variations in CL. Similarly, Guzman et al. reported that CL shortening upon standing had a lower sensitivity for detecting a cervix that will undergo subsequent progressive shortening compared to transfundal pressure (33.3% vs. 83.3%) while specificity, positive predictive value (PPV), and negative predictive value (NPV) were similar.(21) In another study by Meijer-Hoogeveen et al. the authors found that ultrasonographic changes in CL with maternal posture changes may more accurately predict successful vaginal delivery after induction of labor at term when compared with prediction via the Bishop score.(22)

Other studies in twin and triplet pregnancies provide contradictory evidence with some data suggesting there was a difference in CL between recumbent and standing postures,(23) while further reports found no significant differences.(24) Part of this could be due to inter- and intraobserver differences when acquiring and reading ultrasound images of the cervix,(25) although at least one report suggests upright posture improves the chances of detecting funneling of amniotic membranes through the cervix,(25) indicating that the consistency of the cervix is soft. Another longitudinal study of 32 singleton, twin, and triplet pregnancies quantified CL via weekly ultrasound in standing and supine postures, with and without a Valsalva maneuver.(26) The results suggested that CL can differ significantly as pregnancy progresses and that the Valsalva maneuver temporarily may shorten the cervix due to the internal pressure it creates. Other body postures have also been studied, including a “hips up” maneuver where the patients’ hips are elevated by a cushion. This position helped improve transperineal imaging of the cervix when compromised by nearby bowel gas, but CL was not reported in this study.(27) 

Taken together, these reports suggest maternal posture is a factor that should be taken into consideration when imaging and assessing the cervix of pregnant patients.
[bookmark: _k2j7ia5w7gfu]Fetus
During fetal ultrasound in the second and third trimester, a study by Broome et al. (N=526) demonstrated that maternal upright seated posture improves visibility and assessment of the fetal spine in its posterior sagittal and axial projections for fetuses in the cephalic presentation when this exam is added to a routine examination in which visualization is incomplete.(28) Optimized coil coverage in the maternal supine posture during fetal magnetic resonance imaging (MRI) yields superior image quality compared with images collected in maternal non-supine postures.(29) Due to fetal MRI acquisition taking up to 45 minutes, there is some apprehension to using the maternal supine posture due to concerns of precipitating supine hypotensive syndrome (SHS). This notion, however, has been challenged in a study by Kienzl et al. in which no participants imaged in the supine posture (N=56) experienced symptoms of SHS.(30) The median gestation in their study, however, was only 27 weeks and 4 days, and fetal physiology during the MRI’s was not assessed. As such, we suggest that more work is needed to elucidate the safety of the maternal supine posture during fetal MRI.
[bookmark: _srxko1axvs1o]External Cephalic Version
Cesarean section is the most common method of birth for breech fetuses. External cephalic version (ECV) is the manual external manipulation of the fetal position through the maternal abdomen in an attempt to turn the breech fetus such that it is head down (“cephalic version”) and, as such, increase the chance of vaginal delivery. Traditionally, maternal posture has been thought to affect fetal presentation, and various maternal postural techniques have been hypothesized to spontaneously promote cephalic version in non-cephalic fetuses.(31,32) This convention has been challenged, however, in a meta-analysis by Hofmeyer and Kulier in 2012, which included six studies (N=417).(31) They investigated the effect of maternal posture (knee-chest posture, and a supine posture with the pelvis elevated with a wedge-shaped cushion) on cephalic version success in breech presentation and concluded that there is insufficient evidence to recommend maternal postural management for breech presentation. Further research is needed due to small sample sizes in the trials to date.
[bookmark: _d17zksarlgqf]Surgery
We found several reports of maternal posture during surgical procedures and report those with outcomes related to the fetus.
[bookmark: _3rt2eue25icf]Cerclage
There may be advantages to moving pregnant patients into a knee-chest posture when placing a cervical cerclage, or suture around the distal end of the cervix, as the amniotic membranes shift further away from the cervical canal and further into the uterus, reducing the risk of preterm prelabor rupture of membranes (PPROM) and PTB.(33) In our institution (Mount Sinai Hospital, Toronto, Canada), we use the supine lithotomy posture with trendelenburg.
[bookmark: _htw6gg598q2g]Cesarean Section
Our search found that most reports of maternal posture during surgical procedures in pregnancy were related to cesarean section (CS). Given these numerous reports, we limit our discussion here to systematic reviews and meta-analyses.

The most recent systematic review of maternal posture during CS is by Cluver et al. in 2013 and included 11 studies.(34) They concluded that, despite limited evidence, left lateral tilt may be superior (less maternal hypotensive episodes) than right lateral tilt and that manual displacement of the uterus may be superior (less maternal hypotensive episodes, decreased fall in maternal mean systolic blood pressure) than left lateral tilt. As for fetal outcomes, they found no statistically significant differences in five-minute Apgars or cord blood pH between the various maternal postures evaluated. While they had planned to evaluate these outcomes in elective CS and emergency CS separately, they were unable to due to the small number of trials and sample sizes.
[bookmark: _l3awwt2m1u7h]Laparoscopy
The Society of American Gastrointestinal and Endoscopic Surgeons guideline for use of laparoscopy during pregnancy recommends placing gravid patients in the left lateral decubitus posture to minimize compression of the inferior vena cava (IVC) (moderate quality of evidence, strong recommendation)(35) and, presumably, resultant maternal-fetal effects. In special circumstances, however, such as laparoscopic left diaphragmatic hernia repair, the right lateral posture has been safely used.(36)
[bookmark: _5i4ydkjietv0]Neurosurgery
We found eight case reports,(37–44) one small case series (45), and one systematic review (46) reporting posture of pregnant patients during neurosurgery. Spinal surgery for herniated discs and burst fractures has been reported between 16 and 32 weeks, safely, in the left lateral, right lateral, prone (earlier gestation), and three-quarter prone postures (later gestation).(38–40,44–46) Posterior fossa craniotomy for various masses has been reported between 20 and 30 weeks, safely, in the prone, three-quarter prone, and sitting postures.(41–43) 
[bookmark: _saambh2zdkuu]Urologic Surgery
For urolithiasis in early pregnancy (8 through 12 weeks), prone posture has been used successfully and safely in urgent ultrasound-guided percutaneous nephrolithotomy under general anesthesia.(47) At later gestations, other authors used spinal anesthesia and completed the procedure in the supine posture at 16 weeks and 20 weeks and in the left lateral posture at 28 weeks.(48)
[bookmark: _e7ev38mh6ppd]Advanced Cardiovascular Life Support & Advanced Trauma Life Support
The primary focus of Advanced Cardiovascular Life Support (ACLS) and Advanced Trauma Life Support (ATLS) in the setting of pregnancy is to save the life of the mother. As such, most of the literature relating to maternal posture during ACLS and ATLS does not report on fetal physiology or pathophysiology. That said, in our institution (Mount Sinai Hospital, Toronto, Canada), we have witnessed perimortem CS in which good-quality cardiopulmonary resuscitation (CPR) has ensured the birth of a healthy neonate despite maternal asystole prior to birth. Because fetal physiology is impacted by maternal posture, we report summary guidance relating to maternal posture during ACLS and ATLS for the sake of completeness. The American Heart Association scientific statement on cardiac arrest in pregnancy states that CPR and post-arrest care will be ineffective if aortocaval compression is not continuously relieved.(49) To relieve aortocaval compression in the supine posture, left lateral tilt is not recommended because it has been demonstrated to compromise the quality of chest compressions with a 20% reduction in compression depth.(50) Instead, the American Heart Association’s 2020 guideline recommends that if the uterus is palpated at or above the umbilicus or at 20 weeks or more, continuous manual left uterine displacement should be performed on all pregnant patients who are in cardiac arrest.(51) Manual left uterine displacement requires a second rescuer to cup the uterus pushing it leftward and upward off the IVC. In the setting of trauma, Canadian trauma guidelines for pregnancy recommend that after mid-pregnancy, manual left uterine displacement or left lateral tilt should be used.(52) Note, however, that care should be taken to secure the spinal cord with a backboard when using left lateral tilt.
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ACLS		Advanced Cardiovascular Life Support
ATLS		Advanced Trauma Life Support
CL		Cervical length
CPR		Cardiopulmonary resuscitation
CS		Cesarean section 
ECV		External cephalic version
ET		Embryo transfer
IR		Implantation rate 
IUI		Intrauterine insemination
IVC		Inferior vena cava
MRI 		Magnetic resonance imaging
NPV		Negative predictive value
PPROM	Preterm prelabor rupture of membranes
PPV		Positive predictive value
PR		Pregnancy rate
PTB		Preterm birth
RCT		Randomized controlled trial
SFH		Symphysis-fundal height 
SHS		Supine hypotensive syndrome
