REVIEW

URRENT P 1 t f It d 1 . t 1
oy FOINT-01-CaAre uitrasouna in pregnancy. gastric,
airway, neuraxial, cardiorespiratory
Peter Van de Putte® Lynn Vernieuwe®, and Stefaan Bouchez®
Purpose of review
This review focuses on the use of point-of-care ultrasound (PoCUS) in the obstetric context for airway
management and assessment of aspiration risk, the placement of neuraxial blocks and the diagnosis and
follow-up of cardiorespiratory dysfunction.
Recent findings
Gastric ultrasound is a useful aspiration risk assessment fool in pregnant patients. Total gastric fluid
assessment models and specific cutoffs between high-risk and low-risk stomachs are presented. Airway
assessment is useful to detect specific changes in pregnancy and to guide airway management. Handheld
ultrasound devices with automated neuraxial landmark detection capabilities could facilitate needle
placement in the future. Lung and cardiac ultrasonography is useful in the management of preeclampsia,
pulmonary arterial hypertension and peripartum cardiomyopathy.
Summary
Owing to its noninvasiveness, ease of accessibility and lack of exposure to radiation, PoCUS plays an
increasing and essential role in aspiration risk assessment, airway management, neuraxial anaesthesia and
cardiorespiratory diagnosis and decision-making during pregnancy.
Keywords
airway, cardiorespiratory, gastric, neuraxial, point-of-care ultrasound
INTRODUCTION

Since its introduction in anaesthesia a decade ago,
ultrasound and its many applications have revolu-
tionized clinical practice, and become indispens-
able. In obstetric practice, ultrasound was already
ubiquitous for managing foetal well being and its
extension to monitor maternal care was a natural
step [1]. Pregnancy has been associated with difficult
airway access, increased risk of gastric content aspi-
ration, acute cardiovascular failure and respiratory
compromise [2,3]. Point-of-care ultrasound (PoCUS)
answers a well defined clinical question at the
patient’s bedside in a limited time frame with easily
recognizable findings that directly influence clinical
decision-making [4]. This review focuses on the use
of PoCUS in the obstetric context for airway man-
agement and assessment of aspiration risk, the
placement of neuraxial blocks, and the diagnosis
and follow-up of cardiorespiratory dysfunction.

GASTRIC ULTRASOUND

Gastric PoCUS is an aspiration risk assessment tool
that could help avoid pulmonary aspiration (1 : 4000
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general anaesthetics) [5]. Practitioners consider
(term) pregnant patients as high-risk for aspiration.
This is because of anatomical and physiological
changes, the urgency of interventions and the
higher chance of a difficult airway [6,7]. Anaesthe-
siology societies have published fasting guidelines
but they apply to healthy patients for elective sur-
gery only [8]. Gastric PoCUS assesses the stomach’s
antrum for its qualitative (empty, solid, clear fluid,
thick fluid) and quantitative nature (total gastric
fluid volume estimation [9]). This permits to indi-
vidualize aspiration risk and to tailor the anaesthetic
technique. The technique has been well described
and is performed following a standardized protocol,
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KEY POINTS

e Point-of-care ultrasound allows easy, noninvasive, fast
answers at the bedside to well defined
clinical questions.

e PoCUS plays an increasing and essential role in
aspiration risk assessment, airway management and
neuraxial anaesthesia.

e Cardiorespiratory PoCUS is useful for diagnosing and
decision-making of preeclampsia, peripartum
cardiomyopathy and pulmonary hypertension
during pregnancy.

such as the [-AIM protocol [9,10]. The antrum is
identified in both the supine and right-lateral decu-
bitus (RLD) position with a low-frequency trans-
ducer in the epigastrium. It presents itself as a
hollow viscus with the aorta and left lobe of the
liver as anatomical landmarks [9,10]. The empty
antrum is flat with a bull’s eye appearance. Solid
food can be appreciated in a dilated antrum as
hyperechoic content with ring-down artefacts. Clear
fluids present as hypoechoic content. Some preg-
nancy-related issues as fast breathing, moving fetus,
displaced anatomy, a hyperdynamic circulation and
the steep angle between xiphoid and abdomen
make the pregnant population a technically
demanding group [11*]. The RLD is often contra-
indicated because of maternal or foetal compromise
where left uterine tilt needs to be preserved. This
results in a feasibility rate of 88% in term patients
versus more than 97% in nonpregnant counterparts
[11%%]. Gastric PoCUS in pregnancy, therefore, seems
to be a more advanced skill, which has possible
implications for training requirements. Antral
depth and the distance between the antrum and
aorta increase during pregnancy [12]. The amount of
clear fluids can be estimated by measuring the antral
cross-sectional area (CSA) in the RLD and the use of a
validated mathematical model. Several models are
available but the Perlas model is the most widely
used: GV (ml) =27 4 (14.6 x right-lat CSA) — (1.28 x
age) [13]. It was originally validated for nonpreg-
nant adults in the RLD and clear fluids only. Arzola
et al. [14] presented the first model to predict gastric
fluid volumes for late pregnancy. Volume (ml)=
—327.1+215.2 xlog (CSA) (cm?). Another model
was recently presented by Roukhomovsky et al. [15].
The large 95% confidence interval (CI) limits, how-
ever, of both models raise questions about the accu-
racy and applicability.

The Perlas grading system offers a simple and
alternative identification of low-volume versus
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high-volume states based on the qualitative assess-
ment of the antrum only [9]. It is defined as grade O
when it appears empty in both positions. It is classi-
fied as grade 1 when fluid is present in the RLD only,
which correlates with low gastric volumes. A grade 2
antrum (fluid in both positions) correlates with a
high aspiration risk. The equivalence of this system
between pregnant and nonpregnant patients was
examined in a cohort study that examined women
before and after elective caesarean sections. The
authors reported excellent agreement between Per-
las grades in pregnant and postpartum states (kappa
0.81) [12]. Arzola et al. [16] described high interrater
reliability when a qualitative assessment was per-
formed to discriminate a stomach with no content,
clear fluid and solid content. Using MRI in third
trimester pregnant patients, the grading scale was
reported to allow with good performance the diag-
nosis of clear fluid volumes greater than 0.8 ml/kg
[11%,15].

A threshold of gastric volume over which the
aspiration risk increases, remains controversial but
data suggest that volumes up to 1.5 ml/kg are nor-
mal in fasted subjects [17]. To distinguish between
stomach volumes with high or low aspiration risk,
different cut-offs in pregnant patients have been
proposed. Some authors propose a cut-off CSA value
varying from 7 to 10cm? in the RLD [14,18-20].
Other authors focus on a cut-off in the supine posi-
tion or propose a composite ultrasound scale that
combines the Perlas grading with a supine CSA
measurement [15,21]. This can be useful for emer-
gency decision-making but until more data are avail-
able, we recommend obtaining both views if
possible and the RLD should be primarily used to
measure antral CSA.

Some authors examined gastric emptying in
different stages of pregnancy (term, nonterm,
whether or not in labour) with different nutritional
regimes (fasted, sports drink, light meal) [18-24].

Although gastric PoCUS is an exciting new
tool in the anaesthetist’s armamentarium, one
must be mindful that it apprehends only one ele-
ment of individual aspiration risk being gastric
content, apart from other factors as the anaesthetic
technique, comorbidities or airway management
events.

AIRWAY ULTRASOUND

Obstetric patients have higher incidences of difficult
airway versus nonpregnant patients with a failed
intubation rate that has remained unchanged
between 1970 and 2015 [11%%,25,26]. This rate is
2.6/1000 general anaesthetics for obstetric proce-
dures and 2.3/1000 for caesarean sections [11""].
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This is because of the physiological changes, such as
obesity, enlarged breasts and fluid retention that
causes soft tissue mucosal airway oedema [25]. This
oedema can enhance during the course of preg-
nancy and increases the Mallampati score. The
decrease in airway calibre escalates during labour
and after delivery. Labour has also been associated
with decreased pharyngeal volume.

Accurate airway assessment is the first and most
important step in airway management [26]. The
Obstetric Anaesthetists’ Association states that air-
way assessment must be performed before induction
of general anaesthesia [11"%,27]. Guidelines suggest
the clinical evaluation of Mallampati classification,
thyromental distance, interincisor distance and
BMI. However, these tests have low sensitivity and
specificity with limited and unreliable predictive
value [11™]. Airway PoCUS provides better imaging
in tissues like the epiglottis, vocal cords and mem-
branes [26]. It confirms correct tracheal tube
placement and increases the rate of accurate identi-
fication of the cricothyroid membrane compared
with palpation [28]. Two methods have been
described, namely the transverse and longitudinal
techniques. The transverse technique is faster in
morbidly obese women versus the longitudinal
technique but both methods are equally accurate
[29]. Knowing the depth to airway before emer-
gency, cricothyroidotomy improves success rate
but if ultrasound is not possible, one could predict
depth to the airway by using the patient’s weight.
The depth to airway lumen strongly correlates with
weight (r=0.855, P<0.001) as demonstrated in a
prospective observational two-centre study [30]. A
prospective case-control study comparing airway
changes with ultrasound in 25 normotensive and
25 preeclamptic pregnant women in early labour
demonstrated that the Mallampati score increased
from prelab or to postlabour in both groups
(P=0.001 and 0.002, respectively) [31]. The authors
concluded patients with prolonged labour are more
susceptible to airway dimension changes and that
airway PoCUS may provide useful information.

ULTRASOUND FOR NEURAXIAL
ANESTHESIA

Obstetric neuraxial anaesthesia may be challenging
and the overall incidence of difficult neuraxial
blockade is 4% [32]. Ultrasound imaging is used
to facilitate needle placement by identifying the
midline of the spine and the intervertebral level
and measuring epidural space depth. Some excellent
reviews describing the technique and sonoanatomy
are beyond the scope of this article and are not
included in this review [33%,34].

0952-7907 Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.

Compared with the traditional landmark-based
technique, preprocedural ultrasound reduces the
number of punctures, decreases the risk of failed
epidural analgesia and is associated with higher
patient satisfaction [35]. The evidence is especially
convincing in patients with difficult spinal anatomy
or high BMI, showing that even experienced anaes-
thesiologists achieve higher first-pass rates and
shorter needling time when using ultrasound [36].
Tubinis et al. [377] recently determined that ultra-
sound rapidly identifies the midline even in severely
obese parturients (BMI >35kg/m?), reducing the
epidural placement time.

A recent study investigated the accuracy of a
handheld ultrasound device with automated neu-
raxial landmark detection capabilities [38™%]. The
authors reasoned that despite the advantages of
ultrasound assistance for neuraxial procedures,
widespread adoption might be limited by technical
skills and difficulty in acquiring or interpreting the
images. The device was programmed to calculate the
depth to epidural space and identify bony land-
marks. The automatically marked interspace
allowed first pass needle placement in 87% of cases.

The same device was used before spinal anaes-
thesia in 150 patients undergoing scheduled caesar-
ean section. In patients with BMI at least 30 kg/m?,
its use resulted in 26% greater first insertion success
rates, a 21% decrease in needle insertions, and a 38%
decrease in needle passes [39"]. Ghisi et al. [40]
confirmed these results in their study comparing
the device to palpation for spinal anaesthesia in
obese patients undergoing orthopaedic surgery.
Other automated spinal landmark identification
software has been developed, for example, by Oh
et al. [41]. Their success rate for dural puncture at
first attempt was 92%. Automated devices provide
an interesting development. Comparison to land-
mark-based or nonautomatic techniques must be
researched. The educational applications of auto-
mated ultrasound devices are promising as they
might help novices as a teaching aid when first
learning to perform neuraxial techniques.

CARDIORESPIRATORY ULTRASOUND

Pregnancy is associated with a transient morpholog-
ical, hemodynamic and functional adaptation of the
maternal heart that is not only necessary for the
progression of a successful pregnancy but also
imposes a load on the heart [42]. Cardiovascular
changes involve an increase in blood volume, sig-
nificant reduction in systemic vascular resistance
and increase in heart rate (Table 1). The echocardio-
graphic parameters show an increase in left ventric-
ular (LV) end-diastolic volume and a lesser increase

www.co-anesthesiology.com 279

Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.



Obstetric and gynecological anesthesia

Table 1. Common differences in ultrasound between pulmonary arterial hypertension, preeclampsia and peripartum

cardiomyopathy
PAH PE PPCM

LV EF Normal Normal Depressed
LV DF Relaxation disorder Normal — Moderate DD Moderate to severe DD
LV size Normal but often ‘D’-shaped Normal Often dilated
RV RV hypertrophy — progressive RV dilatation & RV dysfunction Mild RV dysfunction Moderate RV dysfunction
LUS

—IS A-profile A-profile A-profile

+IS - B-profile B-profile

DF, diastolic function; EF, ejection fraction; IS, interstitial syndrome; LUS, lung ultrasound; LV, left ventricle; PAH, pulmonary arterial hypertension; PE,

preeclampsia; PPCM, peripartum cardiomyopathy; RV, right ventricle.

in LV end-systolic volume. LV function remains
stable in the first trimester but declines somewhat
toward the end of pregnancy. The ejection fraction
remains stable [42—44] (Fig. 1). Heart disease is the
leading cause of nonobstetric mortality during preg-
nancy. Therefore, understanding the maternal car-
diac function during normal pregnancy is important
for the recognition of cardiac disease.

CARDIAC DYSFUNCTION DURING
PREGNANCY

We present three important cardiovascular-related
diseases that lead to increased morbidity and mor-
tality during pregnancy. Preeclampsia is related to
increased systemic vascular resistance and LV

diastolic dysfunction. Pulmonary arterial hyperten-
sion (PAH) is related to increased pulmonary vascu-
lar resistance and right ventricular (RV) dystunction.
Severe LV systolic dysfunction and even failure pre-
dominates in peripartum cardiomyopathy (PPCM).
Furthermore, RV dysfunction is common in pulmo-
nary hypertension (PHT), PPCM, and preeclampsia.

(1) Serious preeclampsia is characterized by severe
hypertension and end-organ dysfunction. It is
associated with increased systemic vascular
resistance, diastolic dysfunction and pulmonary
edema [435]. Echocardiography shows increased
left atrial size, LV diastolic dysfunction with
increased LV filling pressures (E/¢’) and LV wall
thickness. Signs of RV dysfunction and an

/
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FIGURE 1. Cardiovascular changes during pregnancy.
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increased RV afterload are often present, con-
firmed by a reduction in strain, tricuspid annu-
lar plane systolic excursion (TAPSE), and PHT. In
one-third of patients, TAPSE is less than 16 mm
[46]. Severe preeclampsia is associated with an
increase in extravascular lung water (EVLW) and
diastolic LV dysfunction [47]. It is associated
with an increase in EVLW prior to delivery
and immediately postpartum. These findings
are in accordance with the well established
association of preeclampsia with a higher inci-
dence of pulmonary edema. Furthermore, lung
ultrasound (LUS) is able to identify increased
levels of EVLW in preeclampsia before the
appearance of clinical signs of pulmonary
edema. The presence of B lines (>2 B-lines
between two ribs) at the anterior chest wall
indicates that filling pressures are high (pulmo-
nary artery occlusion pressure >18 mmHg) and
that EVLW is excessive. This specific interstitial
syndrome pattern is also referred to as the B-
profile [48,49]. The number of B-lines is corre-
lated with increasing severity of interstitial or
alveoli involvement and worsening of New York
Heart Association class [50]. Therefore, LUS
could assist in reducing the development of

2)

complications associated with fluid over-resusci-
tation and identify sever preeclampsia patients
who require diuretic therapy [51]. (Fig. 2)

PPCM is defined as LV dysfunction of unknown
cause occurring at the end of pregnancy or the
first month postpartum. A poor functioning LV
with volumetric dimensions comparable with
idiopathic dilated cardiomyopathy at the end of
pregnancy is key for diagnosis. The LV EF is
nearly always less than 45% and the prognosis
is highly dependent on the recovery of the LV
EF. Higher LV end-diastolic and a lower ejection
fraction or fractional shortening indicate poor
LV recovery. None of the LVs with a baseline of
fractional shortening less than 0.30 and a LV
end-diastolic diameter greater than 6 cm recov-
ered within 1-year postpartum [52]. In addition,
RV fractional area change greater than 30% was
independently associated with subsequent LV
recovery and clinical outcome [53]. A TAPSE less
than 14mm is found in greater than 50% of
patients with PPCM, indicating that RV systolic
function is even worse in PPCM compared with
idiopathic dilated cardiomyopathy. LUS has
been endorsed by the Acute Heart Failure Com-
mittee of the Heart Failure Association of the

PPCM

Lung US:
B-profile

PE PAH

Lung US:
A-profile

FIGURE 2. Major differences in ultrasound parameters between preeclampsia, pulmonary hypertension and peripartum
cardiomyopathy. DF, diastolic function; EDV, end diastolic volume; EF, ejection fraction; ESV, end systolic volume; IS,
interstitial syndrome; LUS, lung ultrasound; LV, left ventricle; PAH, pulmonary arterial hypertension; PE, preeclampsia; PPCM,
peripartum cardiomyopathy; RV, right ventricle; SV, stroke volume.
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3)

European Society of Cardiology as a future direc-
tion for assessing and grading congestion in
heart failure. It identifies asymptomatic patients
who are going to decompensate and require
more aggressive treatment [54] (Fig. 2). Patients
with PPCM refractory to medical therapy can be
safely treated with the use of mechanical sup-
port, even prior to delivery [55].

PHT is a marker of increased maternal and fetal
risk. Maternal death often occurs during delivery
or the first weeks postpartum because of RV fail-
ure, PHT crisis or sudden cardiac death. The cause
of PHT and its association with other forms of
heart disease, particularly left heart disease,
should be included in risk stratification before
and during pregnancy. RV adapts to chronic
PHT as in PAH by enhancing RV contractility to
maintain cardiac output. Following the develop-
ment of RV dysfunction, RV dilation leads to
change in the shape of the RV (i.e. from triangular
to globular), with interventricular septum flatten-
ing or reversal of its convexity toward LV [56]. In
pregnant patients with PAH, the inability to
increase cardiac output leads to right heart failure
and may be fatal. Therefore, women with known
PAH should be advised not to become pregnant
[57]. The maternal mortality because of severe
PHT during pregnancy approaches 30%. LUS is
complementary to echocardiography and assists
in differentiating the causes of PHT in critically ill
pregnant patients. LUS in ‘primary’ PHT or PAH
will reveal an A-profile, which indicates that the
left atrial filling pressure is low. Secondary PHT,
whichisusually less severe, may occur as the result
of high left atrial filling pressure because of LV
heart failure. This may lead to cardiogenic pulmo-
nary edema, revealing a B-profile in LUS (Fig. 2).

CONCLUSION

Owing to its noninvasiveness, ease of accessibility,
and lack of exposure to radiation, PoCUS plays an
increasing and essential role in aspiration risk assess-
ment, airway management, neuraxial anaesthesia
and cardiorespiratory diagnosis and decision-mak-

ing

during pregnancy.

Acknowledgements
None.

Financial support and sponsorship
None.

Conflicts of interest
There are no conflicts of interest.

282

www.co-anesthesiology.com

REFERENCES AND RECOMMENDED
READING

Papers of particular interest, published within the annual period of review, have
been highlighted as:

m  of special interest

mm of outstanding interest

1. Talati C, Arzola C, Carvalho JC. The use of ultrasonography in obstetric
anesthesia. Anesthesiol Clin 2017; 35:35-58.

2. Mushambi MC, Jaladi S. Airway management and training in obstetric
anaesthesia. Curr Opin Anaesthesiol 2016; 29:261-267.

3. Rush B, Martinka P, Kilb B, et al. Respiratory distress syndrome in pregnant
women. Obstet Gynecol 2017; 129:530-535.

4. Kendall JL, Hoffenberg SR, Smith RS. History of emergency and critical care
ultrasound: the evolution of a new imaging paradigm. Crit Care Med 2007;
35:5126-S130.

5. Lienhart A, Auroy Y, Pequignot F, et al. Survey of anesthesia-related mortality
in France. Anesthesiology 2006; 105:1087-1097.

6. Kinsella SM, Winton AL, Mushambi MC, et al. Failed tracheal intubation during
obstetric general anaesthesia: a literature review. Int J Obstet Anesth 2015;
24:356-374.

7. D'Angelo R, Smiley RM, Riley ET, et al. Serious complications related to
obstetric anesthesia: the serious complication repository project of the
Society for Obstetric Anesthesia and Perinatology. Anesthesiology 2014;
120:1505-1512.

8. American Society of Anesthesiologists Committee. Practice guidelines for
preoperative fasting and the use of pharmacologic agents to reduce the risk of
pulmonary aspiration: application to healthy patients undergoing elective
procedures: an updated report by the American Society of Anesthesiologists
Committee on standards and practice parameters. Anesthesiology 2011;
114:495-511.

9. Van De Putte P, Perlas A. Ultrasound assessment of gastric content and
volume. BJA 2014; 113:12-22.

10. Perlas A, Van De Putte P, Van Houwe P, Chan VW. I-AIM framework for point-
of-care gastric ultrasound. Br J Anaesth 2016; 116:7-11.

11. Zieleskiewicz L, Bouvet L, Einav S, et al. Diagnostic point-of-care ultrasound:

mm applications in obstetric anaesthetic management. Anaesthesia 2018;
73:1265-1279.

Excellent recent review of point-of-care ultrasound applications in obstetrics.

12. Rouget C, Chassard D, Bonnard C, et al. Changes in qualitative and
quantitative ultrasound assessment of the gastric antrum before and after
elective caesarean section in term pregnant women: a prospective cohort
study. Anaesthesia 2016; 71:1284-1290.

13. Perlas A, Mitsakakis N, Lui L, et al. Validation of a mathematical model for
ultrasound assessment of gastric volume by gastroscopic examination. An-
esth Analg 2013; 116:357-363.

14. Arzola C, Perlas A, Siddiqui NT, et al. Gastric ultrasound in the third trimester
of pregnancy: a randomized controlled trial to develop a predictive model of
volume assessment. Anaesthesia 2018; 73:295-308.

15. Roukhomovsky M, Zieleskiewicz L, Diaz A, et al., AzuRea, CAR'Echo Colla-
borative Networks. Ultrasound examination of the antrum to predict gastric
content volume in the third trimester of pregnancy as assessed by MRI: a
prospective cohort study. Eur J Anaesthesiol 2018; 35:379-389.

16. Arzola C, Cubillos J, Perlas A, et al. Interrater reliability of qualitative ultrasound
assessment of gastric content in the third trimester of pregnancy. Brit J
Anaesth 2014; 113:1018-1023.

17. Van de Putte P, Perlas A. The link between gastric volume and aspiration risk.
In search of the holy grail? Anaesthesia 2018; 73:271-283.

18. Arzola C, Perlas A, Siddiqui NT, et al. Bedside gastric ultrasonography in term
pregnancy women before elective cesarean delivery: a prospective cohort
study. Anesth Analg 2015; 121:752-758.

19. Van de Putte P, Vernieuwe L, Perlas A. Term pregnant patients have similar
gastric volume to nonpregnant females: a single-centre cohort study. Br J
Anaesth 2019; 122:79-85.

20. Zieleskiewicz L, Boghossian MC, Delmas AC, et al. Ultrasonographic mea-
surement of antral area for estimating gastric fluid volume in parturients. Brit J
Anaesth 2016; 117:198-205.

21. JayL, Zieleskiewicz L, Desgranges FP, et al. Determination of a cut-off value of
antral area measured in the supine position for the fast diagnosis of an empty
stomach in the parturient: a prospective cohort study. Eur J Anaesthesiol
2017; 34:150-157.

22. Bataille A, Rousset J, Marret E, et al. Ultrasonographic evaluation of gastric
content during labour under epidural analgesia: a prospective cohort study. Br
J Anaesth 2014; 112:703-707.

23. Barboni E, Mancinelli P, Bitossi U, et al. Ultrasound evaluation of the stomach
and gastric emptying in pregnant women at term: a case-control study.
Minerva Anesthesiol 2016; 82:543-549.

24, Hakak S, McCaul CL, Crowley L. Ultrasonographic evaluation of gastric
contents in term pregnant women fasted for six hours. Int J Obstet Anesth
2018; 34:15-20.

25. Kodali BS, Chandrasekhar S, Bulich LN, et al. Airway changes during labor
and delivery. Anesthesiology 2008; 108:357-362.

Volume 33 o Number 3 o June 2020

Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.



Point-of-care ultrasound in pregnancy Van de Putte et al.

26. Zheng BX, Zheng H, Lin XM. Ultrasound for predicting difficult airway in
obstetric anesthesia: protocol and methods for a prospective observational
clinical study. Medicine (Baltimore) 2019; 98:e17846.

27. Mushambi MC, Kinsella SM, Popat M, et al., Obstetric Anaesthetists’ Asso-
ciation; Difficult Airway Society. Obstetric Anaesthetists’ Association and
Difficult Airway Society guidelines for the management of difficult and failed
tracheal intubation in obstetrics. Anaesthesia 2015; 70:1286—-1306.

28. Kristensen MS, Teoh WH, Rudolph SS. Ultrasonographic identification of the
cricothyroid membrane: best evidence, techniques, and clinical impact. Br J
Anaesth 2016; 117(Suppl 1):i39-i48.

29. Kristensen MS, Teoh WH, Rudolph SS, et al. A randomised cross-over
comparison of the transverse and longitudinal techniques for ultrasound-
guided identification of the cricothyroid membrane in morbidly obese sub-
jects. Anaesthesia 2016; 71:675-683.

30. Athanassoglou V, Hughes-Jones H, Hadjipavlou G, et al. Depth to the airway
lumen at the level of the cricothyroid membrane measured by ultrasound. Acta
Anaesthesiol Scand 2020; 64:48-52.

31. AhujaP, Jain D, Bhardwaj N, et al. Airway changes following labor and delivery
in preeclamptic parturients: a prospective case control study. Int J Obstet
Anesth 2018; 33:17-22.

32. Stendell L, Lundstrem LH, Wetterslev J, et al. Risk factors for and prediction of
a difficult neuraxial block: a cohort study of 73,579 patients from the Danish
anaesthesia database. Reg Anesth Pain Med 2015; 40:545-552.

33. ahin T, Balaban O. Lumbar ultrasonography for obstetric neuraxial blocks:

m  sonoanatomy and literature review. Turkish J Anaesthesiol Reanim 2018;
46:257-267.

Interesting recent review article on scanning techniques, sonoanatomy, benefits

and limitations of using ultrasound in clinical practice.

34. Chin KJ, Karmakar MK, Peng P. Ultrasonography of the adult thoracic and
lumbar spine for central neuraxial blockade. Anesthesiol J Am Soc Anesthesiol
2011; 114:1459-1485.

35. Arzola C. Preprocedure ultrasonography before initiating a neuraxial anes-
thetic procedure. Anesth Analg 2017; 124:712-713.

36. Chin KJ. Recent developments in ultrasound imaging for neuraxial blockade.
Curr Opin Anesthesiol 2018; 31:608-613.

37. Tubinis M, Lester S, Schlitz C, et al. Utility of ultrasonography in identification

m  of midline and epidural placement in severely obese parturients. Minerva
Anestesiol 2019; 85:1089-1096.

Study on using ultrasound for neuraxial placement in parturients with BMI greater

than 35 kg/m®, a patient population underrepresented in previous studies.

38. Seligman KM, Weiniger CF, Carvalho B. The accuracy of a handheld ultra-

mm  sound device for neuraxial depth and landmark assessment: a prospective
cohort trial. Anesth Analg 2018; 126:1995-1998.

Recent prospective trial introducing a handheld automated ultrasound device.

39. Singla P, Dixon AJ, Sheeran JL, et al. Feasibility of spinal anesthesia placement

mm using automated interpretation of lumbar ultrasound images: a prospective
randomized controlled trial. J Anesth Clin Res 2019; 10:878.

RCT evaluating the same automated device, showing improvement of technical

endpoints and patient satisfaction when ultrasound was used, with stronger trends

in obese patients.

40. Ghisi D, Tomasi M, Giannone S, et al. A randomized comparison between
Accuro and palpation-guided spinal anesthesia for obese patients undergoing
orthopedic surgery. Reg Anesth Pain Med 2019. [Epub ahead of print]

0952-7907 Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.

41. Oh TT, Ikhsan M, Tan KK, et al. A novel approach to neuraxial anesthesia:
application of an automated ultrasound spinal landmark identification. BMC
Anesthesiol 2019; 19:57.

42. CongJ, FanT, Yang X, et al. Structural and functional changes in maternal left
ventricle during pregnancy: a three-dimensional speckle-tracking echocardio-
graphy study. Cardiovasc Ultrasound 2015; 13:6.

43. Soma-Pillay P, Catherine N-P, Tolppanen H, et al. Physiological changes in
pregnancy. Cardiovasc J Afr 2016; 27:89-94.

44. Savu O, Jurcut R, Giusca S, et al. Morphological and functional adaptation of
the maternal heart during pregnancy. Circulation Cardiovasc Imaging 2012;
5:289-297.

45. Vaught A, Kovell LC, Lymanski L, et al. Acute cardiac effects of severe pre-
eclampsia. J Am Coll Cardiol 2018; 72:1-11.

46. Melchiorre K, Sharma R, Thilaganathan B. Cardiovascular implications in
preeclampsia. Circulation 2014; 130:703-714.

47. Dennis A, Solnordal C. Acute pulmonary oedema in pregnant women.
Anaesthesia 2012; 67:646-659.

48. Lichtenstein DA. BLUE-protocol and FALLS-protocol. Chest 2015;
147:1659-1670.

49. Frassi F, Gargani L, Gligorova S, et al. Clinical and echocardiographic
determinants of ultrasound lung cometsyr. Eur J Echocardiogr 2007;
8:474-479.

50. Ambrozic J, Simenc BG, Prokselj K, et al. Lung and cardiac ultrasound for
hemodynamic monitoring of patients with severe preeclampsia. Ultrasound
Obst Gyn 2016; 49:104-109.

51. McNamara DM, Elkayam U, Alharethi R, et al,, IPAC Investigators. Clinical
outcomes for peripartum cardiomyopathy in North America. J Am Coll Cardiol
2015; 66:905-914.

52. Blauwet LA, Delgado-Montero A, Ryo K, et al. Right ventricular function in
peripartum cardiomyopathy at presentation is associated with subsequent left
ventricular recovery and clinical outcomes. Circulation Hear Fail 2016;
9:¢002756.

53. Gheorghiade M, Follath F, Ponikowski P, et al., European Society of Cardiol-
ogy; European Society of Intensive Care Medicine. Assessing and grading
congestion in acute heart failure: a scientific statement from the acute heart
failure committee of the heart failure association of the European Society of
Cardiology and endorsed by the European Society of Intensive Care Med-
icine. Eur J Heart Fail 2010; 12:423-433.

54. GevaertS, Belleghem Y, Bouchez S, et al. Acute and critically ill peripartum
cardiomyopathy and ‘bridge to’ therapeutic options: a single center ex-
perience with intra-aortic balloon pump, extra corporeal membrane oxyge-
nation and continuous-flow left ventricular assist devices. Crit Care 2011;
15:R93.

55. Regitz-Zagrosek V, Roos-Hesselink JW, Bauersachs J, et al. 2018 ESC

mm  Guidelines for the management of cardiovascular diseases during pregnancy.
Eur Heart J 2018; 39:3165-3241.

The updated guidelines and recommendations are now considered the most

reliable and the most comprehensive source on what is known for the management

of cardiovascular diseases during pregnancy.

56. Lindqgvist P, Henein MY. Right ventricular function in pulmonary hypertension.
Imaging Medicine 2012; 4:657-665.

57. Olsson KM, Channick R. Pregnancy in pulmonary arterial hypertension.
European Respir Rev 2016; 25:431-437.

www.co-anesthesiology.com 283

Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.



