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Preface

Obstetrical emergencies can be among the most stressful events an emergency phy-
sician will face in their entire career. Late pregnancy bleeding or a precipitous emer-
gency department (ED) delivery can provoke anxiety in even the most seasoned
emergency physician. Trauma and cardiovascular emergencies in pregnant patients
can result in catastrophic outcomes for both mother and baby. When it comes to
pregnant patients, even seemingly minor presentations such as trip and fall can
become an area of treachery.

The goal of this book is to provide an evidence-based, practical approach to the
wide spectrum of obstetric complications an emergency physician must be prepared
to manage throughout all trimesters of pregnancy as well as postpartum. The
approach to the pregnant patient with trauma, with non-pregnancy-related abdomi-
nal pain, or in cardiac arrest is discussed. Updates in the classification and manage-
ment of the hypertensive disorders of pregnancy are presented. Recent controversies
surrounding the use of antiemetics for first-trimester nausea and vomiting and the
use of a beta-hCG discriminatory zone for the evaluation of pregnancy of unknown
location are also addressed.

This book is written for emergency clinicians in all practice settings. Obstetrical
support services vary widely between different facilities, and emergency physicians
must be prepared to initially manage any pregnant patient that comes through the
door. It is my hope that this book provides useful information for daily practice as
well as preparation for rarely encountered and potentially life-threatening events.

The departmental leadership of the MedStar Georgetown University and MedStar
Washington Hospital Center Emergency Departments was incredibly supportive of
this project, and I am grateful for their assistance. I would like to thank the
Emergency Medicine Residency Program faculty and residents for their contribu-
tions, encouragement, and friendship. The authors of all the chapters deserve recog-
nition for their outstanding contributions to this text. My son Sean, born during the
production of this book, has been a source of inspiration, joy, and reminder of what
is most important in life. Finally, I must thank my husband, Steve—you took on far
more than your share of household duties and childcare to allow me the time to
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complete this project. Without your support, this book would not have been
possible.

Emergency physicians are in a unique position to have a potentially tremendous
impact on the life of a pregnant patient and her unborn child. I hope that this book
equips you with the tools to provide the best possible care for your obstetric patients
in the ED each and every day.

Washington, DC Joelle Borhart, M.D., FA.C.E.P., FA.A.E.M.
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Chapter 1
Early Pregnancy Complications

Kayla Dewey, Kathryn Voss, and Carolyn Phillips

Introduction

Pregnant patients often present to the emergency department (ED) with chief
complaints of abdominal pain and/or vaginal bleeding in the first trimester.
Women presenting to the ED in early pregnancy may not be aware of their preg-
nancy status; it is critical that emergency clinicians test for pregnancy in any
woman of childbearing age with abdominal pain or vaginal bleeding. Helpful
historical clues include date of last menstrual period (LMP) and, for patients who
are aware they are pregnant, whether or not they have had an ultrasound with this
pregnancy.

Complications such as pain and bleeding in early pregnancy are common.
Indeed, one fourth of women will have vaginal bleeding or spotting in the first few
weeks of pregnancy, and one half of those patients will miscarry [1]. Ultimately
these patients will receive a diagnosis of threatened miscarriage, miscarriage, preg-
nancy of unknown location, ectopic pregnancy, or, rarely, heterotopic pregnancy.
Some complications such as ectopic pregnancy may be life threatening; others are
emotionally devastating and may impact future fertility. Emergency physicians
must be prepared to evaluate and manage the various complications of early
pregnancy.

K. Dewey, M.D. (P4) ¢ K. Voss, M.D. ¢ C. Phillips, M.D., RD.M.S.

Department of Emergency Medicine, MedStar Washington Hospital Center and MedStar
Georgetown University, 110 Irving St. NW, Washington, DC 20010, USA

e-mail: kayla.dewey @gmail.com; voss.kathryn @ gmail.com; carolynaphillips @ gmail.com

© Springer International Publishing AG 2017 1
J. Borhart (ed.), Emergency Department Management of Obstetric Complications,
DOI 10.1007/978-3-319-54410-6_1


mailto:kayla.dewey@gmail.com
mailto:voss.kathryn@gmail.com
mailto:carolynaphillips@gmail.com

2 K. Dewey et al.
Ectopic Pregnancy

The most concerning diagnosis for the first trimester pregnant patient is ectopic
pregnancy, defined as any pregnancy outside the uterus. It remains the highest cause
of mortality for pregnant women in the first trimester in the United States [2].
Ectopic pregnancy is estimated to occur in 2% of all pregnancies; however, the
incidence of ectopic pregnancy among ED patients who present with abdominal
pain and/or vaginal bleeding in the first trimester is as high as 13-16% [2, 3]. The
incidence of ectopic pregnancies has been increasing, thought to reflect increases in
rates of pelvic inflammatory disease and the use of assisted reproductive technolo-
gies (ART). It is imperative that clinicians are knowledgeable about the diagnosis,
management, and appropriate disposition for these high-risk patients.

While ectopic pregnancy is defined as a pregnancy in any location that is out-
side the uterus, the majority occur within the fallopian tube, with 93-97% implant-
ing in the distal portion of the tube [2]. Rarely, pregnancy can occur within the
ovary, the abdominal cavity, the cervix, or adjacent to Cesarean scar tissue. The
final common pathway for ectopic pregnancies is a delay or prevention of passage
of an embryo through the fallopian tube and into the uterine cavity. Proposed
mechanisms include anatomic obstruction, abnormalities of ciliary function or
other motility mechanisms, abnormal embryo formation, and chemotactic factors
that favor tubal implantation [4]. For a tubal ectopic pregnancy, the growth of the
embryo is limited by the vascular supply and anatomic size of the fallopian tube;
B-hCG levels will plateau or fall when embryonic development cannot continue
normally. Vaginal bleeding may be the result of sloughing of the endometrium,
from invasion of the embryo into the mucosa of the tube itself or from rupture
causing hemoperitoneum [2].

Half of all ectopic pregnancies occur in patients without any known risk factors.
Traditionally, prior ectopic pregnancy, prior tubal surgery or other tubal pathology,
history of pelvic inflammatory disease, maternal smoking, and age over 35 were all
associated with increased risk [5, 6]. More recently, increased use of ART has
become an independent risk factor. The use of intrauterine devices (IUD) has not
been shown to contribute to overall risk, but when pregnancy does occur in a patient
with an [UD, it is more likely to be ectopic than intrauterine [4].

Clinical presentations of ectopic pregnancy can vary widely. Most commonly,
patients complain of abdominal pain and vaginal bleeding. Many are unaware they
are pregnant prior to ED presentation, and these patients may report a missed,
delayed, or abnormal menstrual cycle. Clinical signs of ectopic pregnancy will vary
based on gestational age, location, and whether or not the ectopic has ruptured.
Ruptured ectopic pregnancies often present acutely with evidence of severe abdom-
inal tenderness and adnexal mass on physical exam and can progress to hypovole-
mic shock. History of focal pain that was severe but progressed to generalized pain
and symptoms of peritoneal irritation are also consistent with a ruptured ectopic.
However, the majority of patients present prior to rupture and ectopic pregnancy can
go undiagnosed on the first ED visit.
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Fig. 1.1 Transabdominal
ultrasound in a patient with
a ruptured ectopic preg-
nancy showing free fluid
and echogenic fluid from the
hemorrhage

For hemodynamically unstable patients with suspected ruptured ectopic preg-
nancy, stabilization is the first priority. Volume resuscitation with isotonic intrave-
nous fluids or blood products should be given as needed. Bedside ultrasonography of
the pelvis along with a focused assessment with sonography for trauma (FAST) exam
can aid in obtaining a diagnosis and expedite obstetric/gynecologic consultation [7].
The presumptive diagnosis of ruptured ectopic pregnancy can be made using the
combination of a positive pregnancy test and evidence of free fluid in the abdomen
with a bedside FAST exam or abdominal distention and peritonitis on exam (Fig. 1.1).
Serum qualitative 3-hCG levels may be easier to obtain and may return a faster result
than a urine test or quantitative level. Unstable patients with ruptured ectopic preg-
nancies ultimately need surgery, and thus emergent obstetric/gynecologic consulta-
tion or transfer to a higher level of care center is necessary.

For hemodynamically stable patients, it is reasonable to obtain either a urine or
blood qualitative B-hCG test before pursuing further work-up to confirm preg-
nancy. For the patient with a positive pregnancy test, transabdominal ultrasonogra-
phy (TAUS) and transvaginal ultrasonography (TVUS) are the diagnostic modes of
choice (see Fig. 1.2 for suggested algorithm). The authors begin with TAUS and, if
indeterminate, proceed to TVUS. If bedside ultrasonography is available and the
clinician is qualified, this will likely expedite the patient’s disposition [8]. See
Chap. 2 for a detailed discussion on the use of point-of-care ultrasound in the
ED. If not, a radiology study can be performed. The initial goal is to determine
whether or not an intrauterine pregnancy (IUP) is present. A yolk sac is the first
definite sonographic sign of an IUP and can be visualized using TVUS beginning
around the 5th week of pregnancy. If an IUP is confirmed, management is expect-
ant. If no IUP is seen, further ultrasound characteristics can either raise or lower
the suspicion for ectopic pregnancy. Ultrasound findings such as ectopic fetal pole
or cardiac activity are diagnostic of an ectopic gestation, while other findings such
as an adnexal mass or free pelvic fluid are concerning for an ectopic pregnancy
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Abdominal pain and/
or vaginal bleeding in
early pregnancy

Unstable | | Stable |
Point-of-Care US Point-of-Care or
and stabilization radiology US
[P | [ Ectopic | | No IUP
No IUP, No IUP,
positive FAST negative FAST
. Threatened Gyn consult, Concerning signs -
Ruptured Ectopic vs . . No concerning
ectopic hemorrhage from miscarriage methotre){ate presgnt . signs of ectopic
miscarriage expectant vs operative (free pelvic fluid,
management management adnexal mass)
High Quant B-hCG
suspicion for
ectopic, Gyn
consult
Gyn consult, Gyn consult, Greater than Less than
emergent operative discriminatory discriminatory
operative management vs value value
management stabilization and
radiology US
High Pregnancy of
suspicion for unknown
ectopic, Gyn location,
consult Serial B-hCG, US

Fig. 1.2 Diagnostic approach to the pregnant patient in the first trimester with symptoms of
abdominal pain and/or vaginal bleeding

(Fig. 1.3). One study reported a five times increased rate of ectopic pregnancy in
patients with abnormal fluid in the cul-de-sac [9]. Abnormal free fluid has been
described as any echogenic fluid or fluid that tracks more than one third up the
posterior uterine wall [9] (Fig. 1.4).

A quantitative B-hCG level should also be obtained if an IUP is not visualized.
There has been recent controversy in the literature regarding the “discriminatory
zone,” or the B-hCG level at which an IUP, if present, should be seen consistently by
ultrasound. For TVUS, the discriminatory zone has traditionally been accepted as
between 1000 and 2000 mIU/mL. If the B-hCG level is above this threshold and an
IUP is not visualized, ectopic pregnancy should be strongly suspected. Multiple
studies have sought to establish an exact f-hCG level at which there is higher clini-
cal suspicion for ectopic pregnancy when TVUS is non-diagnostic. Some studies
suggest that a f-hCG level lower than 1000-1500 mIU/mL increases suspicion,
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Fig. 1.3 Transabdominal RIGHT
ultrasound showing a twin ADNEXA
ectopic pregnancy in the right
adnexa with surrounding free
fluid

SonoSite

Fig. 1.4 Transvaginal
ultrasound showing a left
adnexal cyst and concomitant
free fluid present in the
posterior cul-de-sac

while other studies have failed to support a lower cutoff point [1, 3, 10]. Still other
studies have shown that a normal pregnancy is possible well above the discrimina-
tory zone, even if an IUP is not yet visualized on TVUS [11-13]. Therefore, caution
should be used when interpreting a single f-hCG level. The authors recommend an
ultrasound for all patients, regardless of $-hCG level [14]. There is no B-hCG level
at which an ectopic pregnancy can be completely excluded. Serum quantitative
B-hCG level is often not needed in the ED if the ultrasound shows an IUP.

For patients with no visualized IUP and ultrasound features either diagnostic or
highly concerning for ectopic, the authors recommend obtaining a serum quantita-
tive B-hCG level, as well as a complete blood count (CBC) and type and screen.
Obstetric/gynecologic consultation is needed for aide in disposition, as hemody-
namically stable patients with ectopic pregnancy may be candidates for methotrex-
ate therapy instead of the historically standard laparoscopy and salpingectomy. The
traditional operative approach has largely been replaced by the use of methotrexate
in this patient population, based on several studies confirming the efficacy and
safety of this modality [7, 15]. Several different methotrexate treatment protocols
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are available, with the single-dose protocol currently being most popular. The dose
is 1 mg/kg or 50 mg/m? intramuscular (IM) [16]. For patients who are discharged
after receiving methotrexate, they should be instructed to return on days 4 and 7
after administration for repeat f-hCG levels. It must be emphasized that patients are
still at risk for rupture during treatment with methotrexate. In addition, all patients
with an ectopic pregnancy who are Rh negative should be treated with rhesus
immune globulin (RhIG), regardless of whether or not their initial presentation
included vaginal bleeding [7].

After their initial ED workup, many patients will have a diagnosis of pregnancy
of unknown location (PUL) based on a non-diagnostic ultrasound without signs
concerning for ectopic. In hemodynamically stable patients with PUL, it is appro-
priate to repeat f-hCG measurement and consider repeat TVUS in 48 hours instead
of initiating medical or surgical intervention for possible ectopic pregnancy. A rise
of the B-hCG level greater than 50% is reassuring of a normal pregnancy, but is not
diagnostic of an IUP [4, 7]. A slight rise, decrease, or stagnation of the 3-hCG level
is abnormal and concerning, as 71% of these women will eventually be diagnosed
with ectopic pregnancy [6]. A significant drop in the $-hCG level is suggestive of
miscarriage. Patients need to understand the importance of close follow-up and
should return to the ED for repeat testing if their obstetrician cannot see them. More
recent literature suggests that if the follow-up visit is non-diagnostic, a third visit on
day 4 or day 7 following the initial visit for serial f-hCG testing can further mini-
mize the risk of missing an ectopic pregnancy [17].

Heterotopic Pregnancies

Heterotopic pregnancy refers to simultaneous pregnancies in at least two different
locations. The most common pairing involves a single IUP and an ectopic preg-
nancy, most commonly in a fallopian tube. Heterotopic pregnancies pose significant
challenges to practitioners due to their rarity and difficulty in diagnosis; they also
carry significant morbidity to patients. The incidence of heterotopic pregnancies has
been previously reported to be approximately 1 in 30,000 pregnancies [18].
However, recently the incidence has been reported to be much greater, as high as
1 in 4,000-8,000 in the general population [19]. In individuals using assisted repro-
ductive technologies (ART), the incidence is reported to be 1 in 100 pregnancies,
making it a not uncommon clinical scenario [20]. Risk factors for heterotopic preg-
nancies include ART, prior ectopic pregnancy, prior tubal surgery or other tubal
pathology, and history of pelvic inflammatory disease. Specifically, patients under-
going hormonal treatment for pregnancy, in vitro fertilization, intrauterine insemi-
nation, and those with tubal disease appear to be at the highest risk [21]. In a case
series of 13 heterotopic pregnancies, six resulted from ovulation induction, six
resulted from in vitro fertilization, and one occurred spontaneously [22].

Patients with heterotopic pregnancies can present similarly to those with threat-
ened miscarriages and ectopic pregnancies. Symptoms include abdominal pain,
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vaginal bleeding, enlarged uterus, peritoneal irritation, and shock. However, the
diagnosis is frequently missed. In a review of seven heterotopic pregnancies
described in emergency medicine literature, none were diagnosed correctly upon
the initial ED visit [23]. In patients with heterotopic pregnancies, the symptoms of
the ectopic pregnancy can be mistakenly attributed to the intrauterine gestation once
it is identified. To further complicate the diagnosis, the patient may have no symp-
toms, as approximately 50% of patients are asymptomatic [24].

Making the diagnosis of heterotopic pregnancy begins with obtaining a preg-
nancy test and a TVUS. Serum B-hCG levels are difficult to interpret in heterotopic
pregnancies as the IUP can cause an appropriate rise in hormone levels. Often the
diagnosis hinges on the clinician identifying possible heterotopic pregnancy risk
factors. In a patient with risk factors for heterotopic pregnancy, especially the use of
ART, close attention must be paid to the entire pelvis on ultrasound, even if an [TUP
is seen. Ultrasound findings that should prompt concern include free fluid, adnexal
masses, ovarian cysts, hydrosalpinx, or significant pain with the examination
(Fig. 1.5). Large free fluid in the pelvis should raise suspicion for a pathologic pro-
cess. In patients undergoing ovulation stimulation, it can be difficult to distinguish
between ascites from ovarian hyperstimulation syndrome and hemoperitoneum.
Interpreting adnexal structures is also often difficult. Corpus luteum cysts can pres-
ent with similar symptoms as ectopic pregnancy. Non-intrauterine cystic structures
surrounded by echogenic rings have been shown to carry a high likelihood of
pathology [25]. Somers et al. describe a case of heterotopic pregnancy in a woman
without risk factors initially diagnosed as having an intrauterine pregnancy and rup-
tured corpus luteum cyst as the cause of her pain, who became unstable and was
subsequently diagnosed with a ruptured ectopic pregnancy during emergency sur-
gery. This case serves to illustrate challenge in diagnosis and the importance of
remembering heterotopic pregnancy in the differential diagnosis [26].

Making an early diagnosis of heterotopic pregnancy has been shown to improve
the chance of successfully carrying the intrauterine pregnancy to term. In a case
series of 132 heterotopic pregnancies, 122 were diagnosed by ultrasound. Ultrasound
findings in these patients included pelvic fluid (75%), hydrosalpinx (39%), uterine
fluid (38%), and ovarian hyperstimulation syndrome (2.5%) [24]. In these patients,

Fig. 1.5 Transvaginal
ultrasound showing both an
intrauterine pregnancy and
hydrosalpinx, concerning for
heterotopic
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90 delivered live infants and 32 women suffered miscarriages (spontaneously, post-
operatively, and late). Of the ten women with heterotopic pregnancies who were not
diagnosed via ultrasound but rather later during surgery, only three women deliv-
ered live infants [24].

The management of heterotopic pregnancies includes aggressive resuscitation of
clinically unstable patients and early obstetric consultation to discuss medical ver-
sus surgical management depending on the clinical scenario. If the patient is unsta-
ble and shows sign of shock, exploratory laparotomy or laparoscopy is indicated
[22]. In stable patients, multiple treatment options exist including sonographic-
guided aspiration and in situ injection of methotrexate, potassium chloride, or
hyperosmolar glucose [27, 28].

First Trimester Miscarriages

Vaginal bleeding in pregnancy can complicate up to 20% of pregnancies and is a
common complaint seen in the ED [29]. Spontaneous miscarriage (abortion) is
defined as pregnancy loss before 20 weeks gestation and remains the most common
complication of early pregnancy. Rates of subsequent fetal loss after a documented
live TUP in the setting of a threatened miscarriage vary from 2.3% to as high as
14.3% [30].

Fetal abnormalities represent the largest cause of spontaneous miscarriage [31].
Many studies reflect that most miscarriages are due to fetal chromosomal abnor-
malities, but they can also result from placental abnormalities and maternal disease
[32]. Other risk factors for miscarriage include previous miscarriages, advanced
maternal age, and cigarette smoking. Maternal age has been reported to be a leading
risk factor for spontaneous abortion. Studies have shown that increasing maternal
age directly correlates with increasing rates of miscarriage, ranging from 9% at age
20 to 80% at age 45 [33]. The risk of miscarriage also increases significantly with
the number of prior consecutive miscarriages.

Patients undergoing a spontaneous miscarriage may present with abdominal
pain, vaginal bleeding, or they may be asymptomatic. The description of the pain
varies from mild to severe, and the amount of vaginal bleeding may vary from a
small amount of spotting to frank hemorrhage. Vaginal bleeding is common in the
first trimester, and the amount of bleeding does not predict whether or not a miscar-
riage will ultimately occur.

Diagnosing a first trimester miscarriage involves performing a pelvic exam, lab-
oratory studies, and imaging. During the pelvic exam, the clinician should seek to
determine the size of the uterus and quantity of the vaginal bleeding and to assess
for cervical dilatation. In a singleton pregnancy, the uterus should be contained in
the pelvis during the first trimester. At 12 weeks’ gestation, the fundal height should
reach the pubic symphysis. The amount of bleeding should be ascertained and the
patient resuscitated as needed. The cervical os should also be assessed either by
direct visualization using a speculum or via digital examination during bimanual
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exam. Once a pelvic exam is performed and the patient is determined to be stable,
an ultrasound should be performed.

Ultrasound is the most important step in diagnosing a first trimester miscarriage.
Multiple studies exist which demonstrate the capability of emergency physicians to
perform bedside ultrasounds in the evaluation of first trimester pregnancy [34-37].
The examination may begin as a transabdominal ultrasound and progress to a trans-
vaginal ultrasound as needed. After an IUP has been confirmed, the most important
factor to identify is the presence or absence of fetal cardiac activity. Cardiac activity
can usually be visualized between 5.5 and 6 weeks’ gestation. If fetal cardiac activ-
ity is not seen, then correlation between dating using crown rump length should be
made to determine whether cardiac activity is expected. If no cardiac activity is
seen, discussion with obstetrics is warranted, so arrangements may be made for
further care. The presence of subchorionic hematomas has been shown to increase
the chance of subsequent miscarriage, with rates ranging from 8.9 to 17.6%, with
the greatest risk in women with large hematomas [38]. Other findings which have
been associated with subsequent pregnancy loss include abnormally shaped yolk
sacs and slow fetal heart rates.

In any pregnant patient with vaginal bleeding, the clinician must determine the
patient’s Rh status. Women who are Rh negative should be given RhIG. In the first
trimester, one 50 mcg intramuscular dose is sufficient prophylaxis to prevent Rh allo-
immunization, but there is no harm in giving the 300 mcg dose which is more readily
available. While a serum f-hCG quantitative test is most useful in the ED when evalu-
ating a PUL and less useful when a patient has an IUP, obtaining a quantitative f-hCG
level may help facilitate outpatient care as obstetricians frequently trend -hCG levels
over time following a miscarriage. A CBC should be ordered to evaluate for signifi-
cant anemia resulting from the bleeding. Most women with a first trimester preg-
nancy should also have a urinalysis performed as urinary tract infections have been
shown to increase pregnancy complications including risk for miscarriage [39].

Once the appropriate physical exam, ultrasound, and lab findings are combined,
the patient can then be placed into one of the differing categories of possible miscar-
riages (Table 1.1). A threatened miscarriage is defined as vaginal bleeding in preg-
nancy less than 20 weeks gestation with a closed cervical os. Many clinicians also
include patients experiencing abdominal pain in early pregnancy with a closed cer-
vical os and currently viable pregnancy in this definition. An inevitable miscarriage

Table 1.1 Definitions of types of miscarriages

Terminology Definition

Threatened miscarriage | Vaginal bleeding (abdominal pain) with live IUP and closed cervical
0s

Inevitable miscarriage Vaginal bleeding (abdominal pain) with live [UP and open cervical
0s

Incomplete miscarriage | Incomplete passage of products of conception

Complete miscarriage Passage of all products of conception

Missed miscarriage Fetal demise and no passage of products of conception

Septic miscarriage Signs of both miscarriage and infection
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is defined as vaginal bleeding in pregnancy less than 20 weeks gestation with a
dilated cervical os. An incomplete miscarriage refers to the partial passage of prod-
ucts of conception, with remaining products present in the uterus. In a complete
miscarriage, all of the products of conception have been passed. A pregnancy with
fetal loss but no passage of tissue for 4 weeks is referred to as a missed miscarriage.
Finally, a septic miscarriage refers to any miscarriage with signs of infection.

Hemodynamically stable patients diagnosed with a threatened miscarriage may
be safely discharged home once close follow-up is established. Management for
these patients is expectant. A complete miscarriage can be diagnosed in a patient
with a previously documented live intrauterine pregnancy that now presents with
vaginal bleeding and no remaining products of conception visualized in the uterus
on ultrasound (empty uterus). If bleeding is controlled, patients with complete mis-
carriage may be discharged with close obstetric follow-up. In patients with heavy
vaginal bleeding and septic miscarriage or if the diagnosis of complete versus
incomplete miscarriage is unclear, obstetric consultation is indicated. For stable
patients with incomplete or missed miscarriages, discussion with an obstetrician to
arrange timely follow-up is appropriate. Patients with a missed miscarriage may be
managed surgically with dilation and curettage or medically with misoprostol. If
stable, they may be discharged to follow-up with obstetrics. Patients who are unsta-
ble, have significant bleeding, or who show signs of infection will require inpatient
care on an obstetric service.

Complications of Assisted Reproductive Technologies (ART)

The use of assisted reproductive technologies (ART) to achieve pregnancy is becom-
ing increasingly popular. It is estimated that 1% of pregnancies in the United States
and 1-3% of pregnancies in the United Kingdom are the result of a procedure that
falls under the umbrella of ART [40, 41]. ART have been associated with higher
risks to the fetus even in singleton pregnancies when compared to non-ART preg-
nancies [42]. In vitro fertilization and intracytoplasmic sperm injection are the pro-
cedures most commonly associated with increased risks. Declining fertility both
with and without ART is also associated with adverse perinatal outcomes such as
low birth weight, preterm birth, and placental complications [43].

In addition to the risks associated with multiple gestational pregnancies as a result
of multiple embryo transfers, patients who undergo ART are at increased risk of hav-
ing an ectopic or heterotopic pregnancy [41]. The reported rates of ectopic pregnancy
within the ART population vary widely, with rates as high as 8.6% [44]. As aware-
ness increased about the risks of multiple gestations, doctors began to limit multiple
embryo transfer, and thus the ectopic pregnancy incidence rate decreased in the
2000s [44]. Recent studies have also shown that ART without ovarian hyperstimula-
tion decreases the ectopic risk [45, 46]. When an ectopic pregnancy does occur, the
ectopic can be treated similarly to non-ART-associated ectopic pregnancies. If the
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Fig. 1.6 Transabdominal
ultrasound showing the
presence of a hyperstimulated
ovary showing multiple
enlarged follicles

SonoSite

patient is appropriate for methotrexate therapy, it is equally effective, but there is a
higher chance of needing two treatments to achieve successful resolution [47].

One additional complication of ART that can occur with or without a pregnancy
is ovarian hyperstimulation syndrome (OHSS). OHSS occurs in 1% of women who
receive exogenous gonadotropins as part of ART and should be considered in any
patient undergoing ART who may or may not be pregnant as a result of their most
recent cycle. OHSS occurs when there is a heightened response to increased gonad-
otropins, but the exact pathophysiology is not fully understood. The current under-
standing is that resultant increase in vascular permeability leads to third spacing of
fluid, which can result in symptoms that range from mild (ovarian enlargement,
abdominal pain, and bloating) to moderate (edema, ascites) to life threatening
(severe end organ damage, profound hypotension, acute respiratory distress syn-
drome). In addition, enlarged ovaries in any stage of OHSS can put patients at
increased risk for ovarian torsion or cyst rupture and hemorrhage [48]. Patients who
have OHSS and are concurrently pregnant have a higher chance of pregnancy loss
that is proportional to their degree of symptoms [49]. A diagnosis of OHSS can be
made based on pelvic ultrasonography (Fig. 1.6). Treatment and disposition of these
patients should be made in consultation with the reproductive endocrinologist who
is overseeing their ART treatments and care.

Summary

Women commonly present to the ED with abdominal pain and vaginal bleeding in
early pregnancy. First trimester complications include ectopic pregnancy, hetero-
topic pregnancy, and miscarriage. At a minimum, these complications are emotion-
ally distressing to patients and may impact future fertility. Some complications such
as ectopic and heterotopic pregnancy can be life threatening and are often missed on
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initial ED presentation. ART is becoming increasingly popular to achieve preg-
nancy, and emergency clinicians must be familiar with complications commonly
associated with these treatments.

Key Points

» All women of childbearing age presenting to the ED with vaginal bleeding or
abdominal pain should have a pregnancy test.

* Ruptured ectopic pregnancy is an obstetric emergency and should be considered
in any female patient of reproductive age with unstable vital signs.

e There is no quantitative 3-hCG level that can exclude ectopic pregnancy on the
first visit.

* Pregnancy of unknown location is diagnosed when a patient has a positive preg-
nancy test, and no IUP or signs of ectopic pregnancy are visualized on
ultrasound.

» Heterotopic pregnancy should be considered in any patient with an IUP and other
concerning ultrasound findings such as free fluid or an adnexal mass.

e Miscarriages can often be managed expectantly as an outpatient.

* The use of assisted reproductive technologies dramatically increases a patient’s
risk of ectopic or heterotopic pregnancy.
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Chapter 2
Emergency Department Ultrasound
in Pregnancy

Cory Wittrock and Erica Peethumnongsin

Introduction

Pregnant patients often present to the emergency department (ED) with complaints
of abdominal pain and vaginal bleeding, particularly in the first trimester. Point-of-
care ultrasound is a useful tool for rapid assessment of the pregnant ED patient,
allowing emergency physicians to quickly diagnose unstable conditions like ectopic
pregnancy (pregnancy outside of the uterus) at the bedside. While obstetricians
employ comprehensive ultrasound imaging for a variety of purposes, such as dating
or detection of fetal anomalies, the goals of point-of-care ultrasound are limited by
design. These studies seek to quickly, but accurately, answer very focused questions
and, by necessity, must be narrow in scope. Point-of-care ultrasound can be used for
identifying early pregnancy location (intrauterine vs. ectopic vs. indeterminate),
gestational dating, and limited fetal biometry.

Image Acquisition

Ultrasound images in early pregnancy can be acquired in two ways, transabdominally
and transvaginally. Transvaginal ultrasound (TVUS) is more sensitive due to the
probe’s proximity to the uterus, but it requires placement of a sterile probe cover, emp-
tying of the bladder, and appropriate positioning of the patient. Transabdominal
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ultrasound (TAUS), by comparison, is faster and easier but provides lower-resolution
images, so very early intrauterine gestations may not be detectable by this method. The
authors recommend using TAUS as the initial imaging modality in all pregnant patients
because it is less invasive, but inconclusive TAUS should be followed by TVUS.

Transabdominal Technique

TAUS is best performed with a low-frequency (2-5 MHz) curvilinear probe because of
the wide footprint and deep tissue penetration. Because the probe is distant from the
tissues of interest, imaging improves with a full bladder because this fluid provides a
good acoustic medium for ultrasound wave propagation. With any point-of-care ultra-
sound, the authors adhere to the convention of orienting the probe with the indicator
either toward the patient’s right side or toward the patient’s head. For transverse (axial/
coronal) TAUS views, the probe should be oriented to the patient’s right and placed in
the suprapubic region of the abdomen at midline as shown in Fig. 2.1. The probe should
then fan superiorly and inferiorly to obtain a complete view of the uterus (Fig. 2.2).

Fig. 2.1 Transabdominal ultrasound, transverse view. Note probe orientation with dot indicator
(*) to patient’s right side
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Fig. 2.2 TAUS transverse view. The uterus (U) is seen in the center of the image with its hyper-
echoic endometrial stripe (E). The ovaries (O) are seen laterally

Incomplete imaging of the uterus may miss important findings, such as twin
gestations or free fluid. A longitudinal (sagittal) view of the uterus should also be
obtained by orienting the probe vertically and fanning side to side (Fig. 2.3). This
view is best for evaluating the cervix and endometrial stripe and may allow easier
detection of free fluid in the cul-de-sac (Fig. 2.4).

Bilateral adnexal imaging in the transverse plane is also critical in early preg-
nancy, because the vast majority of ectopic pregnancies are located in the adnexa
[1]. An adequate adnexal view should contain the uterus medially and the pelvic
brim laterally, with the iliac vessels visualized between these structures (Fig. 2.5).
The ovary and, if fluid filled, the fallopian tube may be seen in this area but are not
always visible with TAUS due to the lower overall image resolution. If an intrauter-
ine pregnancy (IUP) is detected, calculations of gestational age and fetal heart rate
should also be performed. These techniques will be discussed later in more detail in
the sections on dating and fetal biometry.

Transvaginal Technique

TVUS imaging provides greater detail than TAUS because the endocavitary probe
has a higher frequency (5-8 MHz), allowing better imaging of more superficial
structures, and is placed directly against the cervix by insertion into the vaginal
canal. As mentioned earlier, TVUS requires the use of a sterile probe cover and
sterile gel to protect the patient from contamination by the inserted probe. Because
the probe lies against the cervix, a full bladder confers no benefit and can actually
impair imaging by deflecting the uterus superiorly/posteriorly and away from the
probe. For this reason, patients should empty their bladder immediately before
TVUS. When inserting the probe, a common error is to advance too deeply and
lodge the probe in the posterior fornix, preventing any view of a typical anteverted
uterus. To avoid this, look to the screen immediately after probe insertion and
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Fig. 2.3 Transabdominal ultrasound, longitudinal view. Note probe orientation with dot indicator
(*) to patient’s head

Fig. 2.4 TAUS longitudinal view. The uterus (U) is seen in the center of view with the hyper-
echoic endometrial stripe (E) and cervix (C) deep to the fundus. The anechoic bladder (B) is seen
anteriorly to the vaginal vault (V). Note the potential space of the cul-de-sac (arrow), which can be
replaced with free fluid
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Fig. 2.5 TAUS adnexal view in the transverse plane. The region of interest is bordered by the
uterus (U) medially and the pelvic brim (arrowhead) laterally, with the iliac vessels (arrows)
located in between

Fig. 2.6 Endocavitary
probe orientation, sagittal
view. Note the probe dot
indicator (*) is pointed
superiorly to acquire
sagittal views of the pelvis.
The probe is swept
horizontally left and right
to image the pelvic organs

.

continue to watch the screen as you advance the probe. If there is difficulty locating
the uterus after insertion, slowly pull back and/or adjust the angle of the probe.
Positioning of the endocavitary probe is similar to the mechanics of a speculum
exam and should be adjusted the same way. When in position, the probe indicator
should be pointed either toward the ceiling (Fig. 2.6) or the patient’s right by turn-
ing the probe in a counterclockwise direction (Fig. 2.7). For longitudinal, or sagit-
tal, views, the indicator will be toward the ceiling and the probe will fan from side
to side to visualize the entire uterus (Fig. 2.8). For transverse, or coronal, views,
the probe indicator will be oriented to the patient’s right and should fan anteriorly
and posteriorly through the uterus (Fig. 2.9). Adnexal views are best obtained in
the transverse orientation and are analogous to the TAUS adnexal views with the
uterus located medially, the pelvic brim laterally, and the ovary and iliac vessels in
between (Fig. 2.10).
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Fig. 2.7 Endocavitary
probe orientation, coronal
view. Note the probe dot
indicator (*) is pointed to
the patient’s right to
acquire coronal views of
the pelvis. The probe is
swept superiorly and
inferiorly to investigate the
pelvic organs in the
coronal view

C. Wittrock and E. Peethumnongsin

Fig. 2.8 TVUS longitudinal/sagittal view. The uterus (U) is seen closest to the endocavitary probe
foot print. The cervix(C) is seen at the left of the image and the endometrial stripe (dotted line)
traverses the uterus. Deep to the uterus is the cul-de-sac (stars), which should be investigated for

anechoic free fluid
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Fig. 2.9 TVUS transverse UT COR
view. The right ovary (O)
is visualized adjacent to
the uterus (U). In this
orientation, a limited view
of the hyperechoic
endometrial stripe (E) is
also obtained

Fig. 2.10 TVUS adnexal
view in the transverse
plane. The left ovary (star)
lies in its usual position
lateral to the uterus (U)
between the iliac vessels
(arrows) and the pelvic
brim (arrowhead)

Application of Point-of-Care Ultrasound to the Pregnant

Emergency Department Patient

21

Numerous studies have shown that with sufficient training, emergency physicians
can use point-of-care ultrasound as a clinical tool for the rapid, bedside assessment
of pregnant patients with the primary goal of determining pregnancy location—
intrauterine, ectopic, or indeterminate (pregnancy of unknown location) [2-5].
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Patients without demonstrated intrauterine gestations are at high risk for ectopic
pregnancy, so early identification of these patients is crucial to providing timely, and
sometimes lifesaving, care. On the other hand, detection of an intrauterine preg-
nancy can reassure, in the case of a stable patient, or direct efforts toward the diag-
nosis and management of a different condition in the unstable patient.

Intrauterine Pregnancy

The ultrasound finding easiest to interpret in early pregnancy is a normal intrauter-
ine pregnancy (IUP). The authors define an IUP as a gestational sac containing, at a
minimum, a yolk sac with or without the presence of an identifiable fetal pole.
Historically, the presence of a double decidual sign (concentric hyperechoic and
hypoechoic rings surrounding a fluid-filled sac) was considered the earliest sign of
an IUP, but studies have shown this to be potentially deceptive, as this finding cor-
relates poorly with actual presence of an IUP [6]. Therefore, the authors consider an
empty sac within the uterus to be nondiagnostic, as discussed in more detail in the
section on indeterminate location.

A yolk sac is the earliest sign of an IUP, detectable as early as the fifth week of
gestation by TVUS, and appears as a circular structure within a fluid-filled sac,
sometimes casually referred to as a “sac within a sac” or a “cheerio” due to its simi-
larity to the breakfast cereal (Fig. 2.11) [7, 8]. Three to 4 days after the development
of the yolk sac, a fetal pole can first be detected, with cardiac activity visible starting
at 6 weeks [9]. At this early stage of pregnancy, a normal fetal pole will be immedi-
ately adjacent to the yolk sac, sometimes appearing contiguous with the sac’s wall
(Fig. 2.12). Of note, special consideration is necessary with patients using assisted
reproductive technology because they are at much higher risk for heterotopic preg-
nancy (simultaneous IUP and ectopic pregnancy) than the general population
(approximately 1 in 100 vs. 1 in 4000-30,000). These patients require comprehen-
sive radiology imaging, even when an IUP is seen at the bedside [10-14].

Fig. 2.11 TVUS view
with yolk sac (arrow)
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Fig. 2.12 TVUS view
with yolk sac (arrowhead)
and small adjacent fetal
pole (arrow)

Fig. 2.13 TAUS view in
the transverse plane with
large ectopic pregnancy
(star) visible in the left
adnexa. A small
pseudogestational sac
(arrow) is seen within the
uterus (U)

Ectopic Pregnancy

Although ectopic pregnancy should always be considered whenever an IUP is not
detected, in some cases, the ectopic can be directly visualized using point-of-care
ultrasound. For this reason, careful inspection of the adnexa is a vital component of
any bedside exam. As discussed in the previous section, a fluid-filled sac within the
uterus is not sufficient for diagnosis of an IUP because the hormonal changes that
accompany pregnancy of any location may cause the development of intrauterine
fluid collections, known as “pseudosacs,” in up to 20% of ectopic pregnancies [15,
16]. Figure 2.13 shows an example of a large fetus in the left adnexa with a small
pseudosac in the otherwise empty uterus that could have been mistaken for an TUP.

When an ectopic is detected (or suspected), additional focused assessment with
sonography in trauma (FAST) views (right upper quadrant, left upper quadrant) of
the abdomen should also be obtained to evaluate for free fluid (Fig. 2.14). Although
a small amount of pelvic free fluid is common in normal pregnancies, the presence
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Fig. 2.14 Right upper
quadrant FAST view from
a patient with a ruptured
ectopic demonstrating free
fluid (star) in Morison’s
pouch between the liver
(L) and kidney (K)

of free fluid in an unstable patient or patient with suspected ectopic should prompt
immediate OB/GYN consultation. The characteristics of the fluid are also impor-
tant, as studies have shown that the presence of echogenic fluid is very sensitive for
the presence of hemoperitoneum [17, 18].

Pregnancy of Unknown Location

When no IUP is identified and a clear ectopic pregnancy is not detected, this is
defined as a pregnancy of unknown location (PUL). These patients may have nor-
mal pregnancies that have not yet developed to a stage that is visible by TVUS, may
be experiencing a spontaneous miscarriage, or they may have an ectopic pregnancy
that is not yet detectable by imaging. For emergency physicians, the greatest con-
cern is an ectopic pregnancy; however, hasty designation of an abnormal pregnancy
without definitive proof may lead to the unnecessary disruption of an otherwise
viable pregnancy.

A great deal of study and debate has recently emerged surrounding the concept of
the discriminatory zone, and its utility has been called into question [19]. The dis-
criminatory zone is the level of beta-hCG at which an IUP, if present, should be seen
consistently. For TVUS, the discriminatory zone is generally accepted as between
1000-2000 IU/mL. Previous practice was to use -HCG levels to determine the util-
ity of ultrasonography—i.e., levels below the discriminatory zone did not warrant
imaging because, presumably, no IUP was likely to be detected. Recent studies have
found fault with this practice. In one study, deferring imaging due to -HCG levels
below the discriminatory threshold delayed diagnosis of ectopic pregnancy by more
than 5 days [20]. In another study, ectopic pregnancies were present in as many as
40% of patients with B-HCG levels below the discriminatory zone [21].
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Using a discriminatory threshold to exclude a viable pregnancy is also problematic.
Wang et al. [22] were unable to identify any f-HCG level above which 100% of TUPs
could be visualized. Other studies have shown that normal intrauterine pregnancy is
subsequently possible above the discriminatory zone, even if an IUP is not yet visual-
ized on TVUS [23, 24]. Therefore, caution should be used when interpreting a single
beta-hCG measurement. The current American College of Emergency Physicians
(ACEP) clinical policy is to obtain or perform a pelvic ultrasound on all patients pre-
senting in early pregnancy with abdominal pain or vaginal bleeding regardless of the
B-HCG levels, which should not be used to defer imaging or rule out ectopic preg-
nancy [25]. There is no beta-hCG level in which an ectopic pregnancy can be com-
pletely ruled out. If the patient is hemodynamically stable, it is appropriate to repeat
beta-hCG measurements and consider repeating TVUS in 48 hours instead of initiat-
ing treatment for possible ectopic pregnancy based on the discriminatory zone alone.

Secondary Applications of Point-of-Care
Ultrasound in Early Pregnancy

Although the main objective of bedside ultrasonography in early pregnancy is the
determination of pregnancy location, other useful information can be obtained with
little additional effort. Comprehensive fetal assessment is beyond the scope of a
point-of-care scan, but dating and measurement of cardiac activity are appropriate
extensions of a limited bedside exam.

Fetal Gestational Dating

Because calculations of gestational age are more accurate early in pregnancy, these
measurements are useful to patients and their obstetricians and should be obtained
when possible. The crown-rump length (CRL) is the best method for dating within the
first trimester and is accurate up to 14 weeks gestation [26—32]. As shown in Fig. 2.15,
an appropriate CRL measurement is a straight line drawn from the crown of the head
to the rump, taking care not to include limb buds or the yolk sac. For the most accurate
measurement, adjust the probe to obtain a view of the fetus in its longest orientation.

When the patient has reached her second trimester, biparietal diameter (BPD) is
the preferred dating measurement. This method is most accurate between 14 and 20
weeks gestation (+7 days within this window) but declines in accuracy as the preg-
nancy progresses beyond these dates [32—-35]. An accurate BPD should be measured
in the axial orientation in plane with the third ventricle and bilateral thalami by
drawing a line from the innermost edge of the posterior calvarium to the outermost
edge of the anterior calvarium (Fig. 2.16). This convention prevents exaggeration of



26 C. Wittrock and E. Peethumnongsin

CRL 3.17cm 10w1d

Fig. 2.15 Crown-rump length, TAUS image (zoomed in)

EPD 2.43cm 14w1d

Fig. 2.16 Biparietal diameter, TAUS image

the measurement by acoustic enhancement of the posterior calvarium, an artifact that
makes the calvarium’s thickness appear greater and artificially increases the BPD.
Other methods can also be used for gestational dating in the second and third
trimester, but are not as accurate as the BPD [36]. Examples include femur, tibia, or
humerus length, in which the bone is captured in its longest orientation and the full
length of the cortex is measured, or head or abdominal circumference, in which an
appropriate axial view of the structure is outlined for calculation of the circumference.



2 Emergency Department Ultrasound in Pregnancy 27

On occasion, the BPD may be difficult to obtain due to fetal positioning, and femur
length is an acceptable alternative, though this measurement may be off by as much
as 1-3 weeks [29].

Fetal Biometry

In addition to dating, ultrasound is also useful for the detection and measurement of
fetal cardiac activity. The first step is to look for the presence of cardiac movement,
which may be detectable by TVUS as early as 6 weeks. Cardiac activity appears as
a rhythmic flicker within the fetal pole in early gestations or varying degrees of
cardiac anatomy in more advanced pregnancies. When this activity is detected, the
next step is to measure the rate of activity, which can have prognostic value when
abnormal. Normal fetal heart rates should be >100 beats per minute before 6.3
weeks or >120 bpm after 6.3 weeks; fetal bradycardia is associated with poor out-
comes, including fetal loss [37]. Fetal tachycardia is typically defined as rates
>160-180 bpm. The prognosis for fetal tachycardia is good, often resolving sponta-
neously without intervention [38].

To measure fetal heart rate, M-mode is used, which follows the changes in
position of one portion of the image over time. The area of interest is first identi-
fied in the standard 2D B-mode. When M-mode is applied, a line appears on the
screen and should be placed directly across the fetal heart. Activating M-mode
measurement plots out the changes in position of the selected area over time,
which looks like a series of horizontal lines and waves. Because the heart is mov-
ing, its position will change rhythmically and can be detected as a wavelike pat-
tern. The rate can then be measured by placing the calipers at the same place on
two consecutive waves, which represent cardiac cycles (Fig. 2.17). Due to con-
cerns about the higher thermal energy used for spectral Doppler, the authors do
not employ this method for measuring cardiac activity and recommend against its
use [39, 40].

Summary

Point-of-care ultrasound is a useful tool for rapid assessment of the pregnant emer-
gency department patient. Two methods can be used for image acquisition, transab-
dominal and transvaginal imaging, and must be employed whenever the location of
the pregnancy is in doubt. The primary goal of bedside ultrasound in the pregnant
patient is to identify an intrauterine pregnancy and an ectopic pregnancy or, when
neither can be visualized, to designate a pregnancy of unknown location. In patients



28 C. Wittrock and E. Peethumnongsin

Fig. 2.17 Fetal heart rate measurement using M-mode. The 2D view is shown in the upper portion
of the screen, while the M-mode output is below. The dotted lines are placed at two consecutive
cycles (cycles emphasized by arrows) to calculate a rate of 158 bpm (lower left)

with hemodynamic compromise and in whom pretest probability for ectopic preg-
nancy is high, further evaluation for free fluid and prompt OB/GYN consultation
should occur. There is no beta-hCG level at which an ectopic pregnancy can be
completely ruled out, and ultrasound should be obtained in all patients presenting in
early pregnancy with abdominal pain or vaginal bleeding. When possible, gesta-
tional dating and measurement of fetal heart rate should be performed to guide
obstetric management.
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Key Points

Perform transabdominal imaging before proceeding to transvaginal imaging to
prevent unnecessary TVUS.

Intrauterine pregnancy is defined as a gestational sac containing, at a minimum,
a yolk sac with or without the presence of an identifiable fetal pole. A gestational
sac without a yolk sac and/or fetal pole may be a pseudosac and cannot exclude
the presence of an ectopic pregnancy.

Do not use -HCG levels to rule in or rule out ectopic pregnancy—always get an
ultrasound when pregnancy location is in doubt.

Patients using assisted reproductive technology are at higher risk of heterotopic
pregnancy and should undergo comprehensive radiology ultrasound if stable.
Crown-rump length is measured for dating in the first trimester. Biparietal diam-
eter is the preferred measurement in the second trimester and beyond.

Measure fetal heart rate using M-mode—spectral Doppler confers a theoretical
risk of thermal injury to the fetus.
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Chapter 3
Approach to the Patient with Nausea
and Vomiting in Pregnancy

Lindsey DeGeorge and Lauren Wiesner

Introduction

Nausea and vomiting is a common problem during pregnancy estimated to impact
70-80% of pregnancies [1]. The exact incidence is difficult to determine because
many women do not seek medical attention. The primary treatment for these patients
is supportive, and symptoms typically resolve by 14-16 weeks of pregnancy.
Although nausea and vomiting contributes to maternal stress and decreased quality
of life, it is generally not associated with adverse maternal or fetal outcomes. Nausea
and vomiting of pregnancy does, however, represent a significant cost burden to the
healthcare system, estimated to cost nearly 2 billion dollars in 2012 alone [2]. Rarely,
nausea and vomiting is severe, resulting in weight loss, dehydration, and electrolyte
disturbances. When this occurs, it is known as hyperemesis gravidarum (HG).
Estimates regarding the prevalence of HG vary, but it is thought to affect between 0.5
and 2% of pregnancies, with some literature suggesting it occurs in up to 3% of
pregnancies [3]. According to a recent Cochrane review, HG is the leading cause of
hospital admissions in early pregnancy [4]. HG typically occurs between the 4th and
10th week of gestation but may occur at any point during pregnancy. The exact etiol-
ogy of HG is unknown and is thought to be multifactorial. Factors thought to con-
tribute to the pathogenesis of HG include gestational-induced hormonal changes,
genetics, preexisting upper GI dysmotility, and H. pylori infection [5, 6]. HG is
associated with higher risk of pregnancy complications and negative outcomes such
as preterm birth, small-for-gestational-age infants, and low birth weight [6].
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Emergency Department Management
Diagnosis

HG is a clinical diagnosis. Emergency department (ED) evaluation begins with a
thorough history and physical exam in conjunction with basic laboratory work. The
hallmark symptoms of HG are excessive or unrelenting nausea and severe vomiting
associated with [7]:

1. Weight loss of greater than 5% prepregnancy weight.
2. Signs of dehydration including orthostatic hypotension, elevated BUN, elevated
hematocrit, decreased urine output, and syncope.
. Presence of ketones in the urine.
4. Electrolyte disturbance including hyponatremia, hypochloremia, and hypokale-
mia [8].

(O8]

Relevant predisposing risk factors for HG include female fetus, multiple
pregnancy, prior personal or family history of HG, and molar pregnancy [9, 10].
Additional elements in the history that may point toward HG include a report of
hypersensitivity to smells, hypersalivation, and symptoms suggestive of dehy-
dration such as feeling lightheaded, dizziness, or syncope. Suggested laboratory
tests include urinalysis, basic metabolic panel, and liver function tests
(Table 3.1).

If no prior prenatal care has been received, an ultrasound should also be
obtained to ensure an intrauterine pregnancy is present and there is no evidence
of trophoblastic disease. Transient depressed thyroid stimulating hormone
occurs in up to 60% of patients with HG [11]. However, these patients are clini-
cally euthyroid and do not require further treatment to correct thyroid levels
[12]. Routine testing of thyroid function in the ED is not necessary in patients
with HG.

Table 3.1 Recommended laboratory testing for evaluation of hyperemesis gravidarum

Test Abnormalities seen in hyperemesis gravidarum
Urinalysis Elevated urine specific gravity (>1.020)
Presence of ketones
Basic metabolic Electrolyte disturbances (hyponatremia, hypochloremia, hypokalemia)
panel Acidosis
Elevated BUN

Evidence of acute kidney injury

Liver function tests Elevated AST/ALT and total bilirubin may occur in up to 50% of HG
patients
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Treatment

A stepwise approach to the treatment of mild nausea and vomiting of pregnancy and
HG in the emergency department is recommended (Table 3.2). Early recognition
and treatment of nausea and vomiting in pregnancy is essential to minimize the
impact of symptoms and prevent further disease progression. The first step is to
restore normal volume status. Oral rehydration may be sufficient for more mild
symptoms if tolerated by the patient. In cases of moderate to severe dehydration or
inability to tolerate oral intake, intravenous fluids are required. Other therapies to
consider for supportive care include vitamin repletion, specifically thiamine and
folate, along with dextrose if prolonged symptoms. Lifestyle modifications and the
use of alternative therapies can be suggested. Lifestyle changes commonly recom-
mended include dietary changes and avoidance of triggers. Patients should be
encouraged to take small continuous sips of neutral liquids (i.e., ginger ale) or elec-
trolyte sports drinks. Eating small, frequent bland snacks (i.e., saltine crackers) to
avoid an empty stomach may also decrease nausea [13]. A non-pharmacological
alternative therapy that is considered safe in pregnancy is ginger supplements.
Several small studies have shown benefit of ginger supplements in the reduction of
nausea and vomiting in pregnancy when compared to placebo [14, 15]. Ginger sup-
plements can be administered as 250 mg four times daily [16].

For patients with symptoms refractory to lifestyle and dietary modifications who
require pharmacological antiemetic therapy, pyridoxine (vitamin B6) alone or pyri-
doxine with doxylamine is considered first-line therapy and recommended by the
American College of Obstetricians and Gynecologists (ACOG) [17].

Historically, pyridoxine and doxylamine was sold in the USA as Bendectin from
1956 to 1983. Despite claims in the 1970s and 1980s of possible teratogenic effects
of Bendectin, the Food and Drug Administration (FDA) found no link between
Bendectin and human birth defects [18, 19]. Subsequently, the voluntary removal of
Bendectin from the US market did not correlate with a reduction in birth defect
reports, and the hospitalization rate for women with hyperemesis gravidarum dou-
bled [20-22].

The use of pyridoxine with doxylamine has been shown to be safe and effective
in the treatment of nausea and vomiting in pregnancy in the meta-analysis of multi-
ple cohort and case-control studies [23]. A 2015 matched, controlled cohort study
found improved nausea control with pyridoxine with doxylamine therapy in com-
parison to pyridoxine therapy alone. This difference was most evident in patients
with moderate to severe symptoms [24]. Pyridoxine with doxylamine has been
available commercially in the USA as a delayed-release combination 10 mg/10 mg
tablet under the brand name Diclegis® since 2013 and remains the only FDA-
approved medication for the treatment of nausea and vomiting in pregnancy with an
FDA pregnancy category A rating [25] (Table 3.3). For patients discharged from the
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Table 3.2 Recommended treatment algorithm for nausea and vomiting in pregnancy

Step in therapy

Treatment option

Clinical considerations

1. Supportive care

* Restoration of normal volume
status with oral (if tolerated) or
IV fluids (D5 Y2 normal saline)

* Add 20 mEq KCL if
hypokalemic

* Vitamin repletion

* A multivitamin containing folate

Avoid rapid correction of
hyponatremia

Consider thiamine repletion,
especially prior to dextrose
administration if prolonged
symptoms or concern for Wernicke’s
encephalopathy

2. Antiemetic
therapy: first line

* Diclegis®, pyridoxine 10 mg +
doxylamine 10 mg (two pills
taken at bedtime)

¢ Pyridoxine 25 mg every 6 h +
doxylamine 12.5 mg every 6 h

Diclegis®: pregnancy category A
Onset of action 5-7 h, oral dose
only, ideal for home use

3. Antiemetic
therapy: second
line, for moderate
to severe vomiting

e H1 antagonists
Diphenhydramine 25 mg every 6 h
or dimenhydrinate 50 mg every
6h

Diphenhydramine: pregnancy
category B

Side effects: sedation, dry mouth,
urinary retention

* Dopamine antagonists:
Metoclopramide 10 mg

Metoclopramide: pregnancy
category B

Side effects: sedation, tardive
dyskinesia, acute dystonic reaction

4. Antiemetic
therapy: alternate
second line, for
refractory
symptoms

* Selective serotonin antagonists
Ondansetron 4 mg every 8 h,
maximum 16 mg IV

Ondansetron: pregnancy category B,
high efficacy in studies

Recommend EKG and electrolyte
monitoring with IV use

Side effects: maternal QT
prolongation in IV formulation, may
cause fetal cardiac septum
malformation

* Phenothiazines
Prochlorperazine 10 mg every 6 h
or promethazine 25 mg every 4 h

Promethazine: pregnancy category
C, may be administered rectally
Prochlorperazine: less well studied

* Steroids

Methylprednisolone 40 mg daily,
after 10 weeks’ gestation, limit
3-day therapy

Steroids: may cause fetal oral clefts,
low birth weight, last resort therapy,
routine use not recommended

5. Adjunctive
treatments

¢ Dietary changes

Eat bland foods, small frequent
meals, avoid having an empty
stomach

No reported adverse effects

* Avoidance of triggers
Especially olfactory triggers

No reported adverse effects

* Supplements
Ginger 250 mg supplements four
times daily

Avoid supplements with multiple
active ingredients with unknown
safety profiles

ED with nausea and vomiting in pregnancy, Diclegis® remains the recommended
prescription therapy due to its delayed-release formulation. Diclegis® should be
used daily rather than on an as-needed basis. Diclegis® is prescribed with the initial
dose of two tablets at bedtime to address morning symptoms. If symptoms persist in
the afternoon, an additional tablet may be taken in the morning, up to four tablets per
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Table 3.3 FDA drug risk classification in pregnancy*

Category | Description

A Controlled studies in humans show no risk to the fetus

Animal studies show no risk to the fetus, no controlled studies in humans

No controlled studies in animals or humans

Evidence of human risk to the fetus exists; however, benefits may outweigh risks

X|glaw

Controlled studies demonstrate fetal abnormalities. Risk outweighs any possible
benefit

*As of 2014 the FDA is changing drug labeling regarding use during pregnancy or lactation and
phasing out the letter categories [42]

day [26]. Diclegis® is expensive for some patients and not covered by all insurances.
As an alternative, clinicians may prescribe doxylamine 12.5 mg by mouth every 6 h
and pyridoxine 25 mg by mouth every 6 h. However, over-the-counter immediate-
release doxylamine has not been shown to have similar therapeutic efficacy, exhibits
higher sedative effects than the delayed-release formulation, and may contain other
active ingredients that have not been studied for safety in pregnancy [25].

Pyridoxine with doxylamine is not approved for IV administration or for the
treatment of HG. Other antiemetic therapies should be considered in patients with
persistent nausea and vomiting or HG. These medications include H1 antagonists,
selective serotonin inhibitors, and dopamine antagonists (Table 3.2). These medica-
tions have limited fetal safety data and are used off-label in the treatment of nausea
and vomiting in pregnancy. Maternal benefit versus fetal safety should be weighed
when considering these options.

HI1 antagonists used in pregnancy include diphenhydramine, dimenhydrinate,
and meclizine. These medications hold an FDA pregnancy category B rating; how-
ever, there are no well-controlled studies of fetal safety with these medications [28].
These medications may cause maternal drowsiness.

Metoclopramide is a dopamine receptor antagonist classified as FDA pregnancy
category B and is used off-label for HG. A large retrospective cohort study evaluat-
ing for congenital malformations, perinatal death, low birth weight, and low Apgar
scores found no adverse pregnancy or fetal outcomes associated with metoclo-
pramide use in first trimester of pregnancy [27]. Metoclopramide may cause drows-
iness and dizziness and comes with risk of acute dystonic reactions and tardive
dyskinesia. Risk of serotonin syndrome with concomitant use of antidepressants
should be considered. Promethazine and prochlorperazine are additional dopamine
receptor antagonists to be considered as third-line agents, as promethazine is a cat-
egory C medication and limited safety data exists for prochlorperazine [28].
Promethazine may be administered rectally if the patient is unable to tolerate any
oral medications.

Ondansetron is a 5-HT3 receptor antagonist that is designated by the FDA as
pregnancy category B. Several studies have shown it to be as effective and perhaps
more effective compared to other commonly used antiemetics including pyridoxine
in the treatment of nausea and vomiting in pregnancy [29, 30]. One study comparing
ondansetron to metoclopramide showed not only similar efficacy but also less
adverse effects including decreased drowsiness with use of ondansetron [31].
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Several small studies as well as two large retrospective cohort studies have
reported conflicting results as to the safety of ondansetron in pregnancy. A large
retrospective cohort study by Pasternak et al. included 608,385 pregnant patients in
Denmark. This study compared the risk of several adverse fetal outcomes including
spontaneous abortion, stillbirth, any major birth defect, preterm delivery, and low
birth weight between pregnant women exposed to ondansetron and women not
exposed. They found that exposure to ondansetron was not associated with a signifi-
cantly increased risk of any of the adverse fetal outcomes studied [32]. Another
large cohort study by Danielsson et al. was performed using data from the Swedish
Medical Birth Register. The authors found no statistically significant increased risk
for major fetal malformation. This study did, however, show a statistically signifi-
cant increased risk of cardiovascular defects, specifically cardiac septum defects
among neonates exposed to maternal ondansetron use (OR = 1.62, 95% CI 1.04—
2.14,and RR 2.05,95% CI 1.19-3.28, respectively) [33]. The analysis by Danielsson
et al., however, was less rigorous (adjusted for fewer confounders, importantly
maternal medical history), as compared to the study by Pasternak et al.

Two systematic reviews of current literature on ondansetron use in pregnancy
were conducted in the past year. One review performed by Siminerio et al. con-
cluded that current data does not support avoiding ondansetron in the treatment of
pregnant women based on “the principle of absence of harm to date and presence of
efficacy.” The authors concluded that maternal benefit outweighs potential risk [34].
A separate systematic review recommends reserving ondansetron for women whose
symptoms are not adequately controlled by other treatments given reports of a small
increase in the incidence of neonate cardiac abnormalities with maternal ondanse-
tron use [35]. Maternal risks with intravenous ondansetron use include QT prolon-
gation and risk of torsades de pointes. Intravenous doses should be limited to 16 mg
and require EKG and electrolyte monitoring per FDA recommendations [36].

The use of steroids for the treatment of HG remains controversial. Studies have
yielded conflicting results regarding fetal outcomes of prenatal maternal systemic ste-
roid use. Steroids have been linked to low birth weight and low head circumference as
well as mixed reports of an increase in cleft lip and cleft palate [37-39]. A systematic
review and meta-analysis on the utility of steroid use in the treatment of HG concluded
that there was insufficient evidence to support its use [18]. ACOG states that methyl-
prednisolone may be of benefit in refractory cases of HG; however, given its risk pro-
file, it should be a last resort after 10 weeks’ gestation [20]. The authors do not
recommend the routine use of steroids in HG in the emergency department. The deci-
sion to use steroids as a last resort should be made in consultation with an obstetrician.

Disposition

The majority of patients presenting to the emergency department with nausea and
vomiting in pregnancy can be safely discharged at home. Admission to the hospital
is reserved for persistent/severe nausea and vomiting, severe dehydration, or lab
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- Mild to moderate nausea and vomiting - Persistent and severe nausea and vomiting
- Mild dehydration - Severe dehydration
- Abnormal electrolytes or acid-base status

| Trial of rehydration and anti-emetic therapy |

| Supportive and anti-emetic therapy in the ED

| Symptoms improved? Able to tolerate PO? |

Yes No Admit to hospital
Discharge home

Fig. 3.1 Disposition algorithm for nausea and vomiting in pregnancy

abnormalities including electrolyte or acid-base derangements that require intrave-
nous correction (Fig. 3.1). For patients discharged from the emergency department,
close obstetrics follow-up, dietary counseling, and prescription of pyridoxine with
doxylamine as first-line preventive therapy are indicated.

Complications

Although rare, there are several important potential maternal complications associ-
ated with HG. These include, but are not limited to, Wernicke’s encephalopathy
(WE), osmotic demyelination syndrome from overly rapid correction of hyponatre-
mia, esophageal rupture, Mallory-Weiss tears, pneumomediastinum from forceful
vomiting, and acute tubular necrosis [23]. As of 2010 there were only 49 cases
reported in the literature of WE in pregnancy [40]. Despite the rarity of this compli-
cation, WE can lead to devastating and persistent neurologic sequelae with com-
plete remission observed in only 14 of the reported cases [41]. Thiamine repletion
before dextrose infusion is therefore a critical intervention in patients that have had
prolonged vomiting and concern for nutritional compromise.

Summary

Nausea and vomiting affects up to 80% of pregnancies and can have significant
negative impact on the patient’s quality of life. Prompt treatment is essential to
preventing further progression of symptoms. Initial evaluation of the pregnant
patient with nausea and vomiting in the ED should focus on detecting more severe
disease including dehydration, electrolyte imbalances, and hyperemesis gravi-
darum. In addition to supportive care with fluid and volume repletion, first-line
pharmacologic therapy should consist of pyridoxine with doxylamine. Patients
with persistent symptoms can be managed with additional antiemetic agents
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including diphenhydramine, metoclopramide, and ondansetron. Hospital admission
is necessary for cases of refractory vomiting requiring continued I'V fluids and anti-
emetics, failed outpatient management of symptoms, and severe fluid or electrolyte
imbalance.

Key Points

Early prevention of nausea and vomiting in pregnancy consists of dietary and
lifestyle modifications: bland diet, small frequent meals, and consideration of
ginger supplements.

Pyridoxine with doxylamine remains the first-line pharmacotherapy for outpa-
tient treatment of nausea and vomiting in pregnancy and may prevent repeat ED
visits and the development of severe symptoms.

Diphenhydramine, metoclopramide, and ondansetron used off-label use are
second-line agents to consider in refractory cases.

Recommended ED laboratory evaluation includes urinalysis, basic metabolic
panel, and liver function tests to assess for electrolyte abnormalities and severity
of dehydration.

Consider thiamine, folate, and dextrose in cases of severe or prolonged
Symptoms.
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Chapter 4
Hypertensive Disorders of Pregnancy

Whitney Sherman, Edward Descallar, and Joelle Borhart

Introduction

Hypertension is the most common medical disorder of pregnancy, complicating up to
10% of gestations [1]. Preeclampsia is a leading cause of maternal and perinatal mor-
bidity and mortality and the incidence in increasing [2]. It is estimated that for every
preeclampsia-related death, 50-100 women experience a “near-miss” event resulting
in significant health risk and morbidity [3, 4]. Many women in the second or third
trimester of pregnancy present to the emergency department (ED) for a variety of
reasons, and emergency physicians are in a unique position to identify and treat
patients with a hypertensive disorder of pregnancy before serious complications occur.

Classification of Hypertensive Disorders of Pregnancy

In 2013, the American College of Obstetricians and Gynecologists’ (ACOG) Task
Force on Hypertension in Pregnancy released updated evidence-based guidelines
for the diagnosis and management of hypertensive disorders of pregnancy [5]. The
task force divides hypertension in pregnancy into four categories: (1) preeclampsia/
eclampsia, (2) chronic hypertension, (3) chronic hypertension with superimposed
preeclampsia, and (4) gestational hypertension (Table 4.1). Hypertension in preg-
nancy is defined as either a systolic blood pressure of 140 mmHg or greater or a
diastolic blood pressure of 90 mmHg or greater. Blood pressure should be elevated
on at least two separate occasions more than 4 h apart before the diagnosis of
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Table 4.1 Definitions of the Hypertensive Disorders of Pregnancy

Hypertensive disorder of

pregnancy Diagnostic criteria

Preeclampsia New-onset hypertension (blood pressure >140 mmHg
systolic and/or >90 mmHg diastolic) after 20 weeks and
proteinuria

Or in the absence of proteinuria:
New-onset hypertension after 20 weeks and signs/symptoms
of end-organ damage (Box 4.1)

Eclampsia New-onset seizures in woman with preeclampsia

Chronic hypertension Hypertension that predates pregnancy or is diagnosed before
20 weeks

Chronic hypertension with Patients with chronic hypertension that develop preeclampsia

superimposed preeclampsia

Gestational hypertension New-onset hypertension after 20 weeks without proteinuria

or signs/symptoms of preeclampsia

Adapted from American College of Obstetricians and Gynecologists, Task Force on
Hypertension in Pregnancy. Hypertension in pregnancy. Report of the American College of
Obstetricians and Gynecologists’ task force on hypertension in pregnancy Obstet Gynecol.
2013;122:1122-1131

hypertension is made. However, even an isolated elevated blood pressure reading is
concerning, especially if the blood pressure is greater than 160 mmHg systolic and/
or 110 mmHg diastolic.

Preeclampsia has traditionally been defined as new onset of hypertension plus
proteinuria after 20 weeks of gestation. Proteinuria is defined as excretion of 300 mg
or more of protein in a 24-h urine collection or a random protein/creatinine ratio of
at least 0.3 mg/dL. Urine dipstick is discouraged to diagnose proteinuria unless
other methods are unavailable, in which case a measurement of at least 1+ must be
obtained.

Importantly, the task force has eliminated the requirement of proteinuria to make
the diagnosis of preeclampsia. In the absence of proteinuria, preeclampsia can be
diagnosed in the setting of hypertension after 20 weeks of gestation plus signs or
symptoms of end-organ damage, also called “severe features” (Box 4.1). Eclampsia
is defined as new-onset grand mal seizures in women with preeclampsia and can
occur before, during, or after labor.

HELLP syndrome is an acronym for hemolysis (H), elevated liver enzymes (EL),
and low platelets (LP). Many authors consider HELLP syndrome to be a complica-
tion of preeclampsia and eclampsia, though some feel HELLP syndrome to be sepa-
rate entity [6]. Hypertension may be mild or absent in patients with HELLP
syndrome (Box 4.2).

Chronic hypertension is hypertension that predates pregnancy or is diagnosed
before 20 weeks of gestation. Patients with chronic hypertension may develop pre-
eclampsia, and this is referred to as superimposed preeclampsia. Gestational hyper-
tension is hypertension that occurs after 20 weeks without proteinuria or other
signs/symptoms of preeclampsia. However, gestational hypertension is not a benign
diagnosis—between 15 and 25% of women with gestational hypertension will
develop preeclampsia [7].
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Box 4.1 Severe features of preeclampsia

* Systolic blood pressure >160 mmHg or diastolic >110 mmHg
» Thrombocytopenia (platelet count <100,000/puL)
* Impaired liver function (twice normal)

* Severe persistent right upper quadrant or epigastric pain unresponsive to medication

* Renal insufficiency (creatinine >1.1 mg/dL or doubling of creatinine in absence of other
renal disease)

* Pulmonary edema

¢ New-onset cerebral or visual disturbances

Adapted from American College of Obstetricians and Gynecologists, Task Force on Hypertension
in Pregnancy. Hypertension in pregnancy. Report of the American College of Obstetricians and
Gynecologists’ task force on hypertension in pregnancy. Obstet Gynecol. 2013;122:1122—11

Box 4.2 Diagnosis of HELLP syndrome

* Evidence of hemolysis:

— Schistocytes on peripheral smear

— Lactate dehydrogenase >600 IU/L

— Total bilirubin 1.2 mg/dL)
* Elevated aspartate aminotransferase (>70 IU/L)
» Thrombocytopenia (platelets <100,000/pL)

Adapted from Olsen-Chen C, Seligman NS. Hypertensive emergencies in pregnancy. Crit Care
Clin. 2016;32:29-41

Pathophysiology

The concept of preeclampsia/eclampsia has been recognized since ancient times
[8], yet the exact mechanisms leading to the disorder still remain unclear. Some
women may be genetically predisposed to developing the disease. Recent research
suggests that poor placentation can lead to placental hypoxia and insufficiency
causing a complex cascade of endothelial dysfunction leading to many of the clini-
cal features observed in preeclampsia [9, 10].

Emergency Department Management

Evaluation

Pregnant patients that are greater than 20 weeks of gestational age presenting to the
emergency department (ED) for any reason and are noted to be hypertensive must be
evaluated for signs and symptoms of end-organ damage to rule out preeclampsia.
Patients should be asked about the presence of headache, visual changes, abdominal
pain (specifically right upper quadrant or epigastric pain), chest pain, and shortness
of breath. As many women with preeclampsia may have no symptoms [11],
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laboratory tests are necessary. Minimum laboratory test includes complete blood
count to evaluate for thrombocytopenia, complete metabolic panel to assess creati-
nine level and liver enzymes, and urinalysis or urine protein/creatinine ratio to evalu-
ate for proteinuria. Additional tests can include lactate dehydrogenase to evaluate for
hemolysis if there is concern for HELLP syndrome, coagulation studies, and base-
line magnesium level. Serum uric acid may also be ordered as elevated levels have
been associated with adverse maternal and fetal outcomes and may help identify
women with gestational hypertension who will progress to preeclampsia [12, 13].

Treatment

Delivery is the definitive treatment for preeclampsia, eclampsia, and HELLP syn-
drome. Timing of delivery is dependent on maternal condition and gestational
age of the fetus. Emergency department treatment of the preeclamptic or eclamp-
tic patient includes controlling blood pressure, initiating seizure prophylaxis,
treating seizures if they occur, and obtaining emergent obstetric consultation.

Control of Blood Pressure

Pregnant women with blood pressure >160 mmHg systolic or >110 mmHg diastolic
require antihypertensive therapy to reduce the risk of stroke and other maternal
complications. The goal is to stabilize blood pressure around 140/90 mmHg, not to
normalize blood pressure [14]. Sudden drops in blood pressure should be avoided
so as not to cause additional complications such as fetal distress.

There is no consensus on an ideal agent for treating blood pressure in preeclampsia
[15]. Clinicians should select a drug based on maternal characteristics/contraindica-
tions and their own familiarity and experience with a medication. All antihypertensive
drugs used in pregnancy cross the placenta, so possible effects on the fetus should also
be taken into consideration. The most commonly used agents are labetalol, hydrala-
zine, and nifedipine. All three drugs may be considered first-line therapy. Suggested
dosing regimens and drug characteristics are outlined in Tables 4.2 and 4.3, respec-
tively. Magnesium is not recommended as an antihypertensive agent [14].

Seizure Prophylaxis and Treatment

For women with preeclampsia with severe features, magnesium sulfate should be
given as prophylaxis against eclampsia [5]. The suggested dose for seizure prophy-
laxis is 4 g IV over 5 min, followed by 1 g/h infusion. Treatment with magnesium
sulfate has been shown to reduce the risk of eclampsia by half [16].
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Table 4.2 Initial approach for management of severe antepartum, intrapartum, or postpartum
hypertension

Labetalol Hydralazine Nifedipine

If BP remains >160 mmHg systolic or >110 diastolic for more than 15 min:

Give 20 mg IV over 2 min Give 5-10 mg IV over 2 min | Give 10 mg orally
Repeat BP in 10 min Repeat BP in 20 min Repeat BP in 20 min
If BP remains >160 mmHg systolic or >110 diastolic:

Give 40 mg IV over 2 min Give 10 mg IV over 2 min Give 20 mg orally
Repeat BP in 10 min Repeat BP in 20 min Repeat BP in 20 min
If BP remains >160 mmHg systolic or >110 diastolic:

Give 80 mg IV over 2 min Give labetalol 20 mg IV over | Give 20 mg orally
Repeat BP in 10 min 2 min Repeat BP in 20 min

Repeat BP in 10 min

If BP remains >160 mmHg systolic or >110 diastolic:

Give hydralazine 10 mg IV over | Give labetalol 40 mg IV over | Give labetalol 40 mg IV over
2 min 2 min 2 min
Repeat BP in 20 min Repeat BP in 10 min Repeat BP in 10 min

If BP remains >160 mmHg systolic or >110 diastolic:

Obtain emergent consultation from obstetrics, maternal-fetal medicine, or critical care
subspecialists and treat as recommended

Once target BP reached, repeat BP every 10 min for 1 h, then every 15 min for 1 h, then every
30 min for 1 h, then every hour for 4 h

Abbreviations: BP blood pressure, [V intravenous. Adapted from American College of
Obstetricians and Gynecologists. Committee Opinion No 623: emergent therapy for acute-
onset, severe hypertension during pregnancy and the postpartum period. Obstet Gynecol.
2015;125:521-525

Table 4.3 Characteristics of antihypertensive drugs commonly used for severe hypertension in
pregnancy

Drug Mechanism Contraindications/cautions

Labetalol Nonselective beta- Avoid in women with asthma, heart disease,
blocker, some alpha- congestive heart failure May cause neonatal
blocking activity bradycardia and hypoglycemia

Hydralazine Direct vasodilator, May cause maternal hypotension, tachycardia,
relaxes arteriolar smooth | headache, flushing, nausea/vomiting, palpitations
muscle

Nifedipine Calcium channel blocker | May cause maternal tachycardia, flushing,

palpitations, headache

Adapted from Olsen-Chen C, Seligman NS. Hypertensive emergencies in pregnancy. Crit Care
Clin. 2016;32:29-41

If seizures develop, magnesium sulfate is still the drug of choice and has been
shown to be superior to diazepam, phenytoin, and lytic cocktail in reducing mater-
nal death and further seizures [17—-19]. If magnesium has not been started yet, give
4 ¢ IV over 5 min, then 1 g/h infusion. If the patient is already receiving magnesium
and seizes, give an additional 2—4 g IV over 5 min and increase the infusion to 2 g/h
[20]. Eclamptic seizures are generally short in duration (<1 min) [21]. Cerebral
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imaging should be considered for patients with prolonged or repeated seizures and
for patients with a focal neurologic deficit to rule out possible intracranial hemor-
rhage or other neurologic complication.

Patients receiving magnesium should be closely monitored for signs of magne-
sium toxicity. Symptoms of magnesium toxicity include loss of deep tendon reflexes,
respiratory depression, somnolence, and cardiac arrest. If magnesium toxicity is
suspected, the infusion should be stopped immediately and 10 mL of 10% calcium
gluconate can be administered [22]. There is theoretical concern that treatment with
both nifedipine and magnesium sulfate could result in increased risk of magnesium-
related maternal side effects such neuromuscular blockade and severe hypotension,
but this has not been shown to be the case [23].

Disposition

The progression of preeclampsia is unpredictable and can be rapid; therefore, hos-
pital admission to an obstetrics unit is usually indicated. The emergency physician
must decide if the current facility has the capacity and capability to provide the level
of maternal-fetal-neonatal care needed or if the patient would benefit from transfer
to a higher level of care. Transfer of patients to a facility with sufficient obstetric and
neonatal resources has been shown to reduce maternal, fetal, and neonatal morbid-
ity and mortality [24]. Since the definitive treatment of preeclampsia and eclampsia
is delivery, the decision of when and where to transfer is often based on gestational
age and the need for obstetric and neonatal specialists [25]. Neonatal mortality is
significantly lower if preterm babies are delivered at highly specialized hospitals
rather than being transported there after birth [26, 27]. For this reason, every effort
should be made to transfer a pregnant patient with preeclampsia/eclampsia to a
tertiary care facility prior to delivery, especially if she is far from term.

The Emergency Medical Treatment and Active Labor Act (EMTALA) imposes
specific obligations on healthcare providers to perform a medical screening exami-
nation and to provide stabilizing treatment to any patient with an emergency medi-
cal condition [28]. In pregnant women, this includes both the mother and fetus.
According to EMTALA, a woman in labor is considered unstable until both the
baby and the placenta have been delivered. However, a patient in labor may still be
transferred if there is felt to be adequate time before delivery or if the benefits of
transfer outweigh the risks. Several steps must be taken before transfer can take
place: (1) assessment of fetal viability, gestational age, and well-being; (2) stabiliz-
ing treatment with control of blood pressure and convulsions and seizure prophy-
laxis with a loading dose of magnesium sulfate if appropriate; (3) maternal
laboratory assessment (complete blood count and platelet count, liver enzymes, cre-
atinine, urine protein); (4) fetal monitoring if available; (5) consultation of obstetric/
perinatal team; and (6) transmission of all records for review [27].
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Special Considerations

Postpartum Preeclampsia

The majority of hypertensive emergencies associated with pregnancy occur antepar-
tum or within the first 48 h after delivery [29]. Eclampsia that occurs greater than
48 h after delivery is known as late postpartum eclampsia (LPPE) [30]. The inci-
dence of LPPE appears to be increasing and now represents about 13—16% of all
cases of eclampsia [31-34]. Blood pressure has been shown to rise over the first
week after delivery and peaks on postpartum days 3—6 [35, 36]. This is likely due to
physiologic fluid mobilization and volume expansion. The use of medications such
as nonsteroidal anti-inflammatory pills, ergot derivatives, and decongestants may
also contribute to postpartum hypertension [36, 37].

Preeclampsia and eclampsia may occur up to 6 weeks postpartum. Women who
develop postpartum preeclampsia and eclampsia may have had no evidence of the
disease during their pregnancy [38]. Many women in the postpartum period may
present to the emergency department for evaluation instead of being seen by their
obstetric provider. Early treatment of preeclampsia, eclampsia, and HELLP syn-
drome in the postpartum patient hinges on whether the clinician recognizes late
presentations of these disorders. The criteria for diagnosing postpartum pre-
eclampsia, eclampsia, and HELLP syndrome are the same as in the antepartum
period.

In the postpartum period, headache is the most common presenting symptom of
preeclampsia [38]. It should be noted that headache could also herald other poten-
tially serious conditions. An estimated 10-11% of postpartum patients with head-
ache have critical conditions such as intracranial bleed, stroke, mass, or cerebral
venous sinus thrombosis [39]. Patients with postpartum preeclampsia may also
present with abdominal pain, chest pain, shortness of breath, visual changes, or
increased swelling, similar to antepartum patients.

Preeclampsia and eclampsia in the postpartum period should be managed the
same as antepartum period by controlling blood pressure and initiating magnesium
sulfate for seizure prophylaxis/control.

HELLP syndrome may develop first in the postpartum period in up to 30% of
cases and should be considered in any patient with abdominal pain, nausea, or
vomiting [40]. Management is similar to treatment in the antepartum period and
includes magnesium sulfate, blood pressure control, and close monitoring of vital
signs and laboratory values [37]. The use of steroids for the treatment of HELLP
syndrome is conflicting. Some reports have shown improvement in platelet counts
following treatment with steroids. However, a 2010 Cochrane review found no evi-
dence of steroids improving in the clinical outcome [41]. The decision to initiate
steroid treatment for HELLP syndrome should be made in consultation with an
obstetrician.
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Preeclampsia Less Than 20 Weeks of Gestation

As stated, preeclampsia is defined as occurring after 20 weeks of gestation. Very
rarely, preeclampsia can occur before 20 weeks, usually in abnormal pregnancies
complicated by triploidy, trophoblastic disease, or antiphospholipid antibody syn-
drome [42, 44-47]. Case reports have been published describing preeclampsia
before 20 weeks without these abnormalities, and authors refer to this occurrence as
“pure” preeclampsia [48, 49]. This is an extremely unusual phenomenon and not
likely to be diagnosed in the emergency department. A much more common sce-
nario—and potential pitfall for emergency physicians—would be a patient present-
ing with signs/symptoms of preeclampsia who is farther along in her pregnancy
than previously thought (incorrect dates) and is in fact greater than 20 weeks of
gestation. Emergency physicians should confirm the gestational age of any patient
pregnant presenting to the ED with hypertension and ensure the most accurate preg-
nancy dating method was used.

Chronic Hypertension with Superimposed Preeclampsia

Pregnant patients with chronic hypertension presenting to the ED can be especially
challenging for emergency physicians. These patients are at risk for developing
superimposed preeclampsia, and clinicians should not be reassured that the patient’s
blood pressure is “always high.” Indeed, 13—40% of patients with chronic hyperten-
sion will go on to develop superimposed preeclampsia [50, 51], and these women
have higher rates of adverse maternal-fetal outcomes [5]. Superimposed preeclamp-
sia should be suspected when there is a sudden increase in blood pressure that was
previously well controlled, new-onset proteinuria or sudden increase in proteinuria,
or if any other signs/symptoms of end-organ damage are present. Emergency depart-
ment management of chronic hypertensive patients with superimposed preeclamp-
sia is the same as patients with preeclampsia.

Summary

Hypertension complicates many pregnancies and is a leading cause of maternal and
fetal morbidity and mortality. It is critical that emergency physicians assess the
blood pressure of pregnant patients presenting to the ED for any reason and screen
for signs/symptoms of end-organ damage. Early identification and appropriate man-
agement of the hypertensive disorders of pregnancy can improve outcomes for both
mother and baby. Treatment of preeclampsia and eclampsia can begin in the ED and
includes blood pressure control and seizure prophylaxis with magnesium sulfate.
The definitive treatment of preeclampsia, eclampsia, and HELLP syndrome is deliv-
ery. Depending on maternal condition and gestational age, transfer to a tertiary
facility may be required.



4

Hypertensive Disorders of Pregnancy 49

Key Points

Pregnant patients that are greater than 20 weeks of gestational age presenting to
the ED for any reason and are noted to be hypertensive must be evaluated for
signs and symptoms of end-organ damage to rule out preeclampsia.

Proteinuria is no longer required to make the diagnosis of preeclampsia.
Labetalol, hydralazine, and nifedipine are all considered first-line treatment for
severe hypertension in pregnancy.

Patients with preeclampsia with severe features require magnesium sulfate ther-
apy for prophylaxis against eclampsia.

Magnesium sulfate is the drug of choice for treatment of eclamptic seizures.
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Chapter 5
Bleeding in Late Pregnancy

Maria Dynin and David R. Lane

Introduction

Bleeding in late pregnancy is less common than in early pregnancy and often her-
alds serious and potentially life-threatening complications. Antepartum hemorrhage
is defined as any vaginal bleeding in the second half of pregnancy but before birth,
usually considered after 20 weeks’ gestation. Antepartum bleeding complicates
approximately 5% of pregnancies [1]. Major causes include “bloody show” associ-
ated with labor, placenta previa, placental abruption, and, rarely, uterine rupture and
vasa previa. Massive acute hemorrhage and emergency operative delivery are asso-
ciated with both maternal and fetal morbidity and mortality; therefore, evaluation
must be swift and definitive. While late pregnancy complications are infrequently
managed in the emergency department (ED), emergency physicians must be pre-
pared to identify the source of late-trimester bleeding and to stabilize mother and
fetus until definitive obstetric management can be obtained.

Emergency Department Evaluation

The initial assessment of vaginal bleeding in late pregnancy begins with obtaining
maternal vital signs, determining gestational age and fetal well-being, and acquiring
a clear history of the onset and description of bleeding. Bleeding that is sudden
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onset, painless, and bright red points toward placenta previa. Bleeding associated
with pain, following trauma, or darker in color points toward placental abruption.
Bleeding may vary from spotting to exsanguination.

The physical exam should include an abdominal and external uterus exam. Loss
of normal uterine contour or the ability to palpate fetal parts indicates uterine rup-
ture. A uterus that is tender, firm, or rigid may indicate placental abruption. An
external genital and sterile speculum exam may be performed, but digital cervical
exam is contraindicated until placenta previa has been excluded [2].

Laboratory tests may give helpful objective data to assess the extent of vaginal
bleeding, though in acute hemorrhage, the data could be falsely reassuring. A com-
plete blood count (CBC) should be ordered to evaluate for anemia, thrombocytope-
nia, and platelet consumption. A blood type and screen is required to determine Rh
status and to prepare for potential blood transfusion. Women who are Rh negative
should receive 300 mcg Rh,(D) immune globulin to prevent Rh alloimmunization.
In cases of significant bleeding, prothrombin time (PT), partial thromboplastin time
(PTT), and fibrinogen levels should be checked, as placenta abruption and uterine
rupture may lead to disseminated intravascular coagulation (DIC). A basic meta-
bolic panel, magnesium level, hepatic panel, and urinalysis with urine toxicology
may also be considered if there is concern for preeclampsia or substance abuse.

Transabdominal or transvaginal obstetric ultrasound can be helpful to differenti-
ate sources of late-trimester bleeding and should be performed to look for intrauter-
ine and intra-abdominal bleeding, placenta location, and fetal movement.

Continuous fetal monitoring, if available, is highly recommended. Any decelera-
tions and loss of variability on fetal heart rate tracings should be noted, yet some
resolve with maternal resuscitation. Persistent decelerations may require emergent
cesarean delivery even before the etiology of the hemorrhage is established.

In all cases of late pregnancy vaginal bleeding, an obstetrician should be con-
sulted as early as possible. The ultimate management is based on maternal stability
and gestational age. Most patients with late pregnancy bleeding will be admitted for
observation and monitoring; those near term are often delivered.

Placenta Previa

Placenta previa is defined as placental implantation in the lower uterine segment,
with either complete or partial obstruction of the cervical os [3]. The incidence of
placenta previa varies from 3.5 to 4.6 per 1000 births [4]. Placenta previa is often
found incidentally during routine second-trimester ultrasound. Previa is noted on
about 4% of ultrasound studies performed at 20-24 weeks’ gestation; however, at
3742 weeks, it is present in only 0.4% of pregnancies [4, 5].

The exact pathogenesis of placenta previa is unknown and the condition appears
to be multifactorial. There are a variety of reported risk factors placenta previa,
including advanced maternal age (>35 years), infertility treatment, multiparity,
multiple gestations, previous placenta previa, and pervious uterine surgery or cesar-
ean delivery [4, 6-13].
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The classic clinical presentation of placenta previa is sudden painless bright red
vaginal bleeding. Emergency physicians should assume that a pregnant woman past
20 weeks gestation with painless vaginal bleeding has placenta previa until proven
otherwise. The uterus usually remains soft, yet 10-20% of women may have associ-
ated uterine contractions [14, 15]. In about one-third of affected pregnancies, the
initial bleeding episode occurs prior to 30 weeks’ gestation [16].

Bleeding from placenta previa can range from minor to severe. In the absence of
cervical instrumentation or cervical digital examination, the sentinel bleed usually
is not sufficient to produce hemodynamic instability or to threaten fetal viability
[17, 18]. The initial bleeding from placenta previa is thought to occur due to shear-
ing forces between the inelastic placenta and the uterine wall, as gradual changes in
the cervix and lower uterine segment lead to partial detachment. Bleeding is primar-
ily thought to be from the maternal side of the placenta, as no fetal vessels are
exposed in placenta previa. Sexual intercourse and vaginal exams can also cause
bleeding from disruption of the intervillous space, which is the space between the
fetal and maternal blood vessels. Because of this, digital cervical examination is
contraindicated and should not be performed until placenta previa has been ruled
out [1].

The diagnosis of placenta previa is made by ultrasound (Fig. 5.1). Transabdominal
ultrasound (TAUS) is an appropriate initial study. However, several anatomical fea-
tures can lead to inaccurate results such as a posteriorly located placenta, an over-
distended bladder compressing the anterior lower uterine segment, and a low lying
fetal head. Transvaginal ultrasonography (TVUS) has been shown to be more sensi-
tive and specific for diagnosis of placenta previa [19-24]. One study demonstrated
the superiority of TVUS as compared to the TAUS approach: false-positive and
false-negative rates of TVUS were 1.0% and 2.0%, vs. 7% and 8%, for TAUS [19].
Similarly, another study found that landmarks were poorly seen in 50% of the cases
using TAUS and a definitive diagnosis could not be made due to suboptimal visual-
ization; subsequently, once TVUS was performed, the diagnosis changed in 26% of

Fig. 5.1 Placenta previa. Ultrasound image showing placenta covering cervical os (arrowheads).
Image courtesy of Ian Suchet
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the cases [20]. TVUS can be safely performed in late pregnancy if the vaginal probe
is placed 2-3 cm away from cervical os with optimal angle from os [21].
Management of placenta previa depends on gestational age and stability of the
mother. Unstable patients require aggressive resuscitation with blood products and
emergent cesarean section. For stable patients, the main goal is to prolong pregnancy
until fetal lung maturity is adequate for delivery. Patients between 24 and 34 weeks
gestation should be given corticosteroids to accelerate fetal lung maturity if delivery
within 7 days is anticipated [25]. Forty-four percent of women with placenta previa
deliver before 37 weeks [26]. An obstetrician should evaluate all patients with pla-
centa previa. For the majority of patients, admission to an obstetric unit is required.

Placental Abruption

Placental abruption, also known as abruptio placentae, is defined as separation of
the placenta from the uterine wall before delivery. This condition occurs in about
1% of all pregnancies, and about 50% of these occur prior to 36 weeks’ gestation
[27-29]. The presentation of placenta abruption can vary widely, making the diag-
nosis difficult. Placental abruption is the most common cause of intrapartum fetal
death, with neonatal mortality ranging 10-30% of all abruption cases [29, 30]. Risk
factors for abruptio placentae include maternal trauma, previous abruption, hyper-
tension, cocaine use, multiparity, and advanced maternal age [29-34].

The classic presentation of placental abruption is the acute onset of abdominal
pain with or without dark red vaginal bleeding. The hallmark of placental abruption
is pain and tenderness, which is found in 70% of patients [33, 35]. The pain may be
abdominal, pelvic, or back pain. Contractions in placental abruption are usually high
frequency and low amplitude and result in pain worse between contractions [36]. The
uterus tends to be firm and rigid, and hypertonia develops as the abruption expands.

Vaginal bleeding occurs in approximately 80-70% of patients with placental
abruption [33, 35]. Bleeding can be light to hemorrhagic and may be bright red to
dark burgundy. In abruption, maternal spiral arteries rupture, causing blood to accu-
mulate and split the decidua from the uterine wall. A hematoma can develop without
vaginal bleeding in 10-20% of abruptions [33]. These “concealed abruptions” are
either early in the vessel bleeding phase or there is partial placental separation
between the fetal membranes and decidua; hence, these patients present with pre-
term labor and abdominal pain. However, if bleeding continues, complete dissection
of the uterine-placental interface can occur as the hematoma grows. Importantly, the
amount of vaginal bleeding does not correlate with the severity of the abruption.

Placental abruption can quickly progress to hemorrhagic shock in the mother,
and the lack of gas exchange and nutrients to the fetus causes fetal distress. Indeed,
fetal distress is noted in 60% of patients with placenta abruption and may be the
only sign that an abruption has occured [35]. When placental separation exceeds
50%, acute disseminated intravascular coagulation (DIC) is common and fetal death
is almost certain [37].
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Fig. 5.2 Ultrasound image showing acute placental abruption with a retroplacental hematoma
(arrow) lifting part of the placenta. Meguerdichian, D. “Complications in late pregnancy”
Emergency Medicine Clinics of North America. Philadelphia, Elsevier. 2011. Courtesy of Carol
Benson, MD, Brigham and Women’s Hospital Department of Radiology, with permission

Placental abruption is a largely clinical diagnosis. Ultrasound may be used, as a
hyperechoic clot or sign of bleeding posterior to the placenta, if visualized, is highly
suggestive of placental abruption (Fig. 5.2). Unfortunately, these findings are only
present in about 25% of cases [38]. While ultrasound cannot reliably exclude abrup-
tion, it can be used to exclude placenta previa.

Management of patients with abruptio placentae should begin with placement of
two large bore I'Vs, resuscitation with intravenous fluids or blood products, reversal
of any coagulopathies, and immediate obstetric consultation. Since DIC occurs in
about 10% of placenta abruption cases, fibrinogen, PT, and PTT should be sent with
standard labs [39]. Blood type and screen should also be sent if this diagnosis is
suspected. In most cases of placental abruption, immediate delivery is necessary
and tocolytics are contraindicated. One case-control study found that decision to
deliver interval of 20 min or less resulted in better neonatal outcomes [40].

Vasa Previa

Vasa previa, from the Latin “vessels before the road,” is the presence of fetal vessels
between the cervix and the presenting fetal part. This is a very serious cause of vagi-
nal bleeding in late pregnancy, with greater than 50% perinatal mortality [41].
Rupture of only 100 ml of exposed fetal vessels can cause fetal exsanguination or
death [42]. Obstetric consultation should be obtained immediately. The condition is
usually diagnosed in the second or third trimester by ultrasound (Fig. 5.3). The
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Fig. 5.3 Vasa previa. Arrows pointing to fetal vessels between the cervix and presenting fetal part.
Image courtesy of Ian Suchet

incidence of vasa previa is about 1 in 2500 births, yet may be even higher in preg-
nancies resulting from assisted reproductive technologies [41]. The risk factors for
vasa previa include placenta previa, in vitro fertilization, multiple gestations, and
velamentous cord insertion (i.e., when the placental end of the umbilical cord con-
sists of divergent umbilical vessels that are not protected by Wharton’s jelly and are
at risk for rupture) [41, 43, 44].

Patients with vasa previa tend to present with vaginal bleeding immediately after
spontaneous rupture of membranes or amniotomys; it is rare for fetal vessels to rup-
ture without rupture of membranes. Without a history of vasa previa on a prior
ultrasound, this diagnosis should be suspected if there are fetal heart abnormalities
accompanied with sudden vaginal bleeding after rupture of membranes. Fetal heart
monitoring in this condition tends to present as sinusoidal or bradycardic pattern
[43, 45]. Any non-reassuring fetal monitoring or unstable maternal vital signs is an
indication for operative delivery. Upon delivery, focus should be placed on neonatal
resuscitation due to the high mortality rate. If there is a reassuring fetal heart rate,
stable maternal vital signs, and nonhemorrhagic vaginal bleeding, an Apt test (a
qualitative test of vaginal bleeding to determine the absence or presence of fetal
blood) may be performed to diagnose vasa previa [46].

Uterine Rupture

Uterine rupture is a life-threatening cause of vaginal bleeding in late pregnancy. The
incidence depends on cause of rupture and is difficult to estimate. It is much more
common in patients with history of previous cesarean sections, but is still possible
in an unscarred uterus. In fact, 13% of uterine ruptures occur in unscarred uteruses,
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and this group has a higher morbidity and mortality compared to uterine rupture
with a previously scarred uterus [47, 48]. One study found a perinatal mortality of
65% in the unscarred uterus [47]. In addition to history of previous cesarean section,
risk factors for uterine rupture include trauma, high parity, advanced maternal age,
and congenital disorders (e.g., Ehlers-Danlos) [47-54].

The classic presentation of uterine rupture is the sudden onset of abdominal pain,
loss of uterine tone, change in uterine shape or contour, vaginal bleeding, and shock.
A scarred uterus rupture may have a less severe onset presentation than that of an
unscarred uterus due to previously altered vasculature [47]. Vaginal bleeding may
be modest to hemorrhagic depending on the site of uterine rupture. These patients
have a tender, boggy uterus on exam, and abdominal girth may quickly expand as
blood accumulates. Fetal monitoring is more reliable than abdominal pain in diag-
nosing uterine rupture [53, 55-58]. Bradycardia is the most common finding on
fetal monitoring, but no fetal heart rate pattern is pathognomonic [53, 55-58].

In any suspicion of uterine rupture, immediate resuscitation and surgical inter-
vention are crucial. In the rare situations where there is only mild abdominal pain,
stable fetal heart tracings, and light vaginal bleeding, an ultrasound exam may be
performed. An abdomen or focused assessment with sonography for trauma (FAST)
ultrasound exam with significant blood or defect in uterine wall can help reach the
uterine rupture diagnosis. Studies have noted that a physician has about 10-37 min
from frank uterine rupture to intervention before there is significant fetal and mater-
nal morbidity [54, 56, 59]. Therefore, this is a diagnosis that should be immediately
considered in antepartum hemorrhage.

Other Causes of Antepartum Hemorrhage

The previously discussed topics are some of the more concerning diagnoses of late-
trimester vaginal bleeding, but there are numerous causes and degrees of vaginal
bleeding in pregnancy. Vaginal and cervical sources of bleeding include vaginitis,
cervicitis, warts, polyps, fissures, and trauma. Fibroids and circumvallate placenta
are intrauterine causes of vaginal bleeding. Patients may have mild vaginal bleeding
following cervical exams, sexual intercourse, or stripping of membranes by obste-
tricians near term. Most of these cases presents with spotting or minimal vaginal
bleeding. Regardless, all patients with vaginal bleeding in late pregnancy should be
evaluated with serious concern, and care should be managed in close consultation
with an obstetrician.

Summary

Bleeding in late pregnancy can herald potentially life-threatening conditions such as
placenta previa, placental abruption, vasa previa, or uterine rupture. These emergen-
cies are infrequently managed in the ED and can be challenging for the entire team.
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It is incumbent on the emergency physician to make a swift, accurate diagnosis and
to lead resuscitative efforts. Obstetric consultation should be obtained as early as
possible. Prompt, coordinated interdisciplinary care can be lifesaving for both the
mother and fetus. Ultimately, management depends on maternal stability and gesta-
tional age; many patients will require emergent cesarean delivery.

Key Points

* A pregnant woman past 20 weeks gestation with sudden onset painless vaginal
bleeding has placenta previa until proven otherwise.

e Digital cervical exams are contraindicated until placenta previa has been
excluded.

* Placental abruption may present with or without vaginal bleeding; the amount of
bleeding does not correlate with the severity of the abruption.

e Ultrasound is used to diagnose placenta previa; it cannot reliably exclude placen-
tal abruption.

* Obstetric consultation should be obtained early in the ED course of all patients
with late pregnancy bleeding.
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Chapter 6
Premature Rupture of Membranes
and Preterm Labor

Eric Wei, Lili Sheibani, and Brian Sharp

Introduction

Premature rupture of membranes (PROM) and preterm labor are challenging obstet-
ric complications for any emergency physician. In the United States, preterm deliv-
ery complicates approximately one in ten births and is the cause of at least 75% of
neonatal deaths, not including congenital malformations. When preterm premature
rupture of membranes occurs, several complications can occur including infection,
premature delivery, placental abruption, and umbilical cord prolapse.

Complications of late pregnancy including PROM and preterm labor are infre-
quently managed in the emergency department (ED). Many hospitals have protocols
where these patients are triaged directly to a labor and delivery (L&D) unit for fur-
ther management by an obstetrician. However, an obstetrician or L&D unit may not
always be immediately available and emergency physicians must be comfortable
initially managing these complications. The rate of fetal and maternal morbidity can
be reduced with accurate diagnosis of PROM and preterm labor, intervention to
delay preterm delivery, timely administration of corticosteroids, and in certain
cases, magnesium sulfate and antibiotics.
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Preterm Premature Rupture of Membranes

Premature rupture of membranes (PROM) is rupture of membranes before labor.
Preterm PROM refers to the rupture of membrane before labor that occurs prior to
37 weeks of gestation. Preterm PROM complicates approximately 3% of all preg-
nancies in the United States [1]. During pregnancy, the amniotic membrane protects
the fetus from infection while providing an environment that allows for both growth
and movement. Fluid exchange is facilitated in part by fetal swallowing and urina-
tion. The fetal airway contains a secreted fluid that allows for fetal breathing and
promotes respiratory development.

Membrane rupture may occur for several reasons. At term it occurs due to nor-
mal physiologic weakening of membranes, while preterm membrane rupture can
occur for several pathologic conditions [2, 3]. At earlier gestational age, one of the
most common reasons is intraamniotic infection [4]. A previous history of preterm
PROM is a risk factor for either preterm PROM or preterm labor in future pregnan-
cies. Other risk factors include short cervical length, history of vaginal bleeding
during pregnancy, low socioeconomic status, cigarette smoking, and illicit drug use
[5, 6]. Other cases may be without any identifiable risk factors.

Labor is the ideal result of ruptured membranes at term; however, when the fetus
is preterm, labor that often follows membrane rupture is problematic given the asso-
ciated fetal complications of prematurity.

Emergency Department Evaluation

Initial evaluation of the patient presenting with preterm PROM includes determina-
tion of duration, amount, and persistence of fluid leakage. Classically, patients
report a sudden gush of fluid with continuous leakage. If the clinical history is
unclear, patients should be asked questions about recent vaginal or cervical infec-
tions, recent sexual activity, douching, and previous pelvic surgery.

The next step in diagnosis is determining the gestational age of the pregnancy
based on patient’s reported last menstrual period (LMP) or previous ultrasonogra-
phy scans. If the patient is unable to report either menstrual or ultrasound dating, an
ultrasound can be obtained in the emergency department to determine gestational
age. Ultrasounds become less accurate for obstetric dating with advancing gesta-
tional age. As a general rule, ultrasound dating has an accuracy of +/— 2 weeks in
the second trimester and +/— 3 weeks in the third trimester [7]. In addition to esti-
mating gestational age, obstetric ultrasound is indicated in order to determine the
fetal presentation, an estimated fetal weight, and amount of amniotic fluid.
Oligohydramnios, defined as amniotic fluid index (AFI) <5 cm, may be present in
PROM, but is not diagnostic.

Examination of patients with possible PROM should be performed under sterile
conditions with a sterile speculum to minimize the risk of introduction of infection.
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Table 6.1 Testing for PROM

Method Result

Nitrazine Amniotic fluid pH 7.1-7.3 turns nitrazine paper yellow;
>7.3 is blue

Ferning Amniotic fluid crystallizes and appears like a fern, identified

under microscope

Pooling on speculum exam Amniotic fluid collects in the posterior vaginal vault

Ultrasonography (not diagnostic) | Oligohydramnios (defined as AFI <5)

Avoid direct digital examination of the cervix in women with PROM because the
risk of infection has been shown to be proportional to the number of digital exami-
nations [8]. Table 6.1 lists the components of diagnosing PROM. At speculum
examination, the diagnosis is confirmed by visualization of passing of fluid from the
endocervical canal into the vagina and/or a “pool” of fluid in the posterior vaginal
vault. Having the patient cough or applying gentle fundal pressure may assist in
visualizing the passage of fluid. If in doubt, the fluid can be tested via nitrazine test
for pH. The pH of normal vaginal fluid is 4.5-6, while amniotic fluid pH is 7.1-7.3
Blood or semen contamination, alkaline antiseptics, and bacterial vaginosis can
increase the vaginal pH and lead to a false-positive nitrazine test. Vaginal fluid may
also be applied to a microscope slide and examined for the presence of ferning.
During the speculum exam, the physician should visualize the cervix and assess for
dilation and effacement and look for any presenting fetal parts or umbilical cord
prolapse. Cultures for group B streptococcus, chlamydia, and gonorrhea can also be
collected during the speculum examination.

Management

Once the diagnosis of PROM is established, the management depends on the gesta-
tional age and maturity of the fetus. Important factors include whether or not labor
is present and if there is suspected intraamniotic infection. All patients with preterm
PROM should be evaluated for intraamniotic infection (chorioamnionitis).
Chorioamnionitis occurs when vaginal or cervical bacteria ascend into the amniotic
cavity and initiate an inflammation of the chorion and amnion. Risk factors include
prolonged labor, PROM, and excessive digital examinations. Chorioamnionitis
occurs in 15-25% of women with preterm PROM [9]. The incidence of infection is
higher with earlier gestational age [4]. Table 6.2 lists diagnostic criteria for
chorioamnionitis

The management of preterm PROM includes administration of antibiotics to
reduce neonatal and maternal infections and to prolong the latency period (time
from membrane rupture to delivery). There are several antibiotic regimens that have
shown benefit. The regimen described by the American College of Obstetricians and
Gynecologists (ACOG) in a 2016 practice bulletin is a 7-day antibiotic course
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Table 6.2 Diagnosis of
chorioamnionitis (typically
fever plus two other signs)

Maternal signs and symptoms
Fever (>100.4 °F)
Tachycardia (>100/min)
Malodorous vaginal discharge

Fundal tenderness

Leukocytosis

Fetal signs
Fetal tachycardia (>160/min)
Decreases in variability on fetal heart rate monitoring

starting with intravenous ampicillin (2 g every 6 h) and oral erythromycin (250 mg
every 6 h) for 48 h, followed by oral amoxicillin (250 mg every 8 h) and erythromy-
cin base (333 mg every 8 h) [10]. Intrapartum antibiotic prophylaxis against group
B streptococcus is also indicated for women with preterm PROM at risk for preterm
delivery whose carrier status is unknown.

With regards to fetal lung maturity, a fetus beyond 36 weeks is very likely to have
reached lung maturity. In a fetus before 36 weeks, administration of corticosteroids
can accelerate lung maturity. Corticosteroids have the additional benefits of reduc-
ing neonatal mortality, respiratory distress syndrome, intraventricular hemorrhage,
and necrotizing enterocolitis [11-13]. Previous studies have suggested increased
risk of infection with administration of corticosteroids in the setting of preterm
PROM, but larger studies have not supported these findings. A common regimen is
intramuscular betamethasone 12 mg every 24 h for 2 days [14]. Completion of one
course of corticosteroids is indicated, irrespective of membrane status, for pregnant
women between 24 0/7 weeks and 34 0/7 weeks if there is a concern for premature
delivery within 7 days [15].

Complications

Complications associated with preterm PROM include active preterm labor with
malpresentation of fetus (breech presentation being the most common), umbilical
cord prolapse, infection, fetal distress, and placental abruption (2-5% of pregnan-
cies) [16]. After preterm PROM, infection and umbilical cord accidents contribute
to 1-2% of fetal demise [17]. The most significant risks to the fetus after preterm
PROM are the myriad of complications of prematurity, the most common being
respiratory distress. Additionally, preterm PROM with intrauterine inflammation
has been associated with increased risk of impaired neurodevelopment [18]. In
approximately 50% of preterm PROM, birth will occur within 1 week [10]. Latency
after membrane rupture is inversely correlated to gestational age at rupture of mem-
branes. Obstetric consultation should be obtained early in the ED course of a patient
with PROM or preterm PROM. Once fetal viability has been reached (>23 weeks),
hospitalization is recommended for patients with PROM and preterm PROM.
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Preterm Labor

Preterm birth is the leading cause of neonatal mortality and one of the most com-
mon reasons for hospitalization [19]. In the United States, approximately 12% of all
births occur before term, and preterm labor preceded about 50% of these births [20,
21]. Preterm birth accounts for 70% of neonatal deaths and 36% of infant deaths as
well as 25-50% of long-term neurologic impairment in children [22].

Preterm birth is defined as birth between 20 0/7 weeks of gestation and 36
6/7 weeks of gestation. In order to more accurately describe deliveries that occur at
or beyond 37 0/7 weeks, new obstetric guidelines have more clearly designated
early term as 37 to 38 6/7 weeks and full term as 39 0/7 weeks of gestation through
40 6/7 weeks of gestation [23]. The risk of poor birth outcomes generally decreases
with advancing gestational age. The risk is highest for infants born before 34 weeks;
however, even infants born between 34 and 37 weeks are more likely to have deliv-
ery complications, long-term impairment, and early death than those born later in
pregnancy [19]. The risks of perinatal, neonatal, and infant morbidity and mortality
are lowest for infants born between 39 0/7 weeks of gestation and 40 6/7 weeks of
gestation [24, 25]. Spontaneous preterm birth includes birth that follows preterm
labor, preterm PROM, and cervical insufficiency, but does not include indicated
preterm delivery for either maternal or fetal condition.

Risk Factors

Identifying women who will give birth preterm is an inexact process and can be very
challenging as the causes of preterm birth are not well understood. One of the big-
gest risk factors for preterm birth is a prior preterm birth, which increases a wom-
an’s risk by about twofold [23]. Another risk factor is short cervical length as
measured by transvaginal ultrasound [26]. In most studies this is defined by cervix
less than 2.5 cm up to 24 weeks gestational age, and in some studies up to 28 weeks
[27]. Other risk factors for preterm birth include demographic factors, current preg-
nancy complications, substance abuse, uterine anomalies, iatrogenic complications,
infections, and psychosocial stressors (Table 6.3). Additionally, some studies have
linked previous uterine or cervical instrumentation to preterm labor.

Diagnosis

The diagnosis of preterm labor is usually based on clinical criteria of regular con-
tractions accompanied by cervical dilation, effacement, or both before 37 weeks of
gestation. It can also be defined by initial presentation of regular contractions and
cervical dilation of at least 2 cm. Less than 10% of women who present with these
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Table 6.3 Risk factors for

preterm birth Demographic:

Extremes of age (>40 or teenager)

Low socioeconomic status

Substance abuse (tobacco, cocaine)

Psychosocial stressors

Reproductive:

Prior preterm delivery

Uterine anomalies

Cervical incompetence
Placental abruption

Vaginal bleeding in pregnancy

Infectious:
Urinary tract infections

Non-uterine infections

Vaginal infections (bacterial vaginosis)

clinical findings actually give birth within 7 days of presentation [28]. Some of the
early maternal signs of preterm labor include increase or change in vaginal dis-
charge, pain from uterine contractions (sometimes reported as lower back pain),
pelvic pressure, vaginal bleeding, and leakage of fluid.

Once cervical change and uterine contractions are present, the determination of
prematurity is based on patient’s reported LMP or gestational age determined by
prior ultrasound. If there was no prenatal care, an ED ultrasound may assist in
obtaining an estimated gestational age. In general, a fetus measuring less than 2500
grams on ultrasound is likely to be premature. To differentiate false labor (Braxton
Hicks contractions) from true labor, uterine contraction monitoring and repeat cer-
vical exam are used.

Management of Preterm Labor

The initial ED evaluation of a woman with possible premature labor includes uri-
nalysis, complete blood count, type and screen, and ultrasonography. If delivery is
not imminent, and an L&D unit is immediately available, these can be completed
once the patient is transported. Intravenous hydration with 1-2 L of Lactated
Ringers may assist with resolution of irregular contractions, although it is not an
effective treatment for true preterm labor. Bed rest is indicated until diagnosis is
clear. Additionally, any underlying causes for preterm contractions such as urinary
tract infections should be treated.

The management of preterm labor hinges on the gestational age of the fetus and
stability of the mother. If the fetus is viable and the mother is stable, the goal is to
prolong pregnancy for up to 48 h to allow for corticosteroid treatment and safe
transfer of the patient. This is accomplished with the use of tocolytics [29].
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Tocolytics may be initiated in the ED in close consultation with an obstetrician to
attempt to halt preterm labor

Several tocolytic agents have been used to inhibit contractions, and beta-
adrenergic receptor agonists, calcium channel blockers, and nonsteroidal anti-
inflammatory drugs (NSAIDs) are all considered first-line medications [30, 31].
Two of the most commonly used are nifedipine (calcium channel blocker) and indo-
methacin (NSAID). Because of potential maternal complications, beta-adrenergic
receptor agonists and calcium channel blockers should be used with caution in com-
bination with magnesium sulfate. Antenatal indomethacin has been associated with
fetal necrotizing enterocolitis in some studies.

Only women with fetuses that would benefit from a 48-h delay in delivery should
receive tocolytic treatment. Women with contractions but without cervical change
should not be treated with tocolytics, and tocolytics are generally not indicated before
fetal viability. Other contraindications include maternal or fetal distress, eclampsia,
and preterm PROM (Table 6.4). The upper limit of tocolytic use is 34 weeks.

Magnesium sulfate was previously administered as a tocolytic, but now it is used
mostly for fetal neuroprotection if birth is anticipated before 32 weeks. Clinical trials
of magnesium sulfate for neuroprotection suggest that the predelivery administration
reduces the occurrence of cerebral palsy [32]. None of the trials demonstrated sig-
nificant prolongation of pregnancy when magnesium sulfate was given for neuropro-
tection. Hospitals that elect to use magnesium sulfate usually have protocols for its
usage including administration regimen, concurrent tocolysis, and monitoring.

The single most beneficial intervention for improvement of neonatal outcomes
among preterm births is antenatal corticosteroids. A single course is recommended
for women between 24 0/7 weeks and 34 0/7 weeks of gestation and may be consid-
ered for pregnant women starting at 23 weeks who are at risk of delivery within
7 days. Corticosteroids are considered routine for all preterm deliveries because of
the associated decreased neonatal morbidity and mortality [11, 33]. Neonates that
receive corticosteroids have lower rates of respiratory distress syndrome, intracra-
nial hemorrhage, necrotizing enterocolitis, and death.

A single repeat course of antenatal corticosteroids should be considered in women
whose prior course was at least 7 days previously and who remain at risk for delivery
at less than 34 weeks. A recent randomized controlled trial has suggested benefit in
corticosteroids from 34-37 weeks in setting of late preterm birth [34]. The decision
to give corticosteroids should be made in consultation with an obstetrician.

Table 6.4 Contraindications
to tocolysis

Intrauterine fetal demise

Lethal fetal anomaly

Nonreassuring fetal status

Severe preeclampsia or eclampsia

Maternal bleeding with hemodynamic instability

Chorioamnionitis

Maternal contraindication
ACOG Practice Bulletin 159
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The most commonly used corticosteroids are betamethasone and dexametha-
sone. The treatment for a primary or rescue course should consist of either two
12-mg dose of betamethasone given intramuscularly 24 h apart or four 6-mg doses
of dexamethasone every 12 h administered intramuscularly [35]. The first dose
should be given even if delivery is likely before the second dose can be adminis-
tered, as there is evidence showing benefit of even a single dose.

Antibiotics and Preterm Labor

Several maternal infections have been associated with preterm labor. Most studies
have failed to demonstrate that antibiotics have any benefit of preventing preterm
birth, respiratory distress syndrome, or neonatal sepsis. Nevertheless, maternal
infections identified in the ED should be treated. This is distinct from using antibiot-
ics for preterm PROM and group B streptococci carriers [36, 37]. If the group B
streptococci status of a woman is unknown and delivery is anticipated, antibiotics to
prevent group B streptococcus in the neonate should be initiated. Penicillin remains
the drug of choice and ampicillin is an acceptable alternative. Erythromycin is no
longer recommended due to resistance. If there is severe allergic reaction to penicil-
lin (anaphylaxis), cefazolin may be administered. All antibiotics for group B strep-
tococcus prophylaxis should be given intravenously [37].

Disposition

In many cases, patients presenting to the ED in preterm labor can be safely trans-
ported to a L&D unit for further management by an obstetrician. Because of the
high risk associated with delivery outside an obstetric unit, the emergency physician
should make every effort to arrange transport to a facility with both obstetric and
neonatal resources if time allows. In the setting of preterm birth, the infant may
require intensive care services immediately after delivery. Obstetric consultation
should be sought early in the ED course of any patient in preterm labor. Some births
are precipitous, and an obstetrician or L&D unit may not be immediately available.
Emergency physicians must be prepared to deliver a premature infant and resusci-
tate mother and baby as necessary.

Summary

Preterm delivery occurs in approximately 12% of all births in the United States and
contributes to significant perinatal morbidity and mortality. Preterm PROM can
complicate a portion of the preterm deliveries. Diagnosis of preterm labor and pre-
term PROM can be initiated in the emergency department in consultation with an
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obstetrician. In all patients with preterm PROM, gestational age, fetal presentation,
and fetal well-being should be determined. The emergency physician should evalu-
ate for intrauterine infection, placental abruption, and fetal compromise.

Almost all cases of preterm PROM, PROM, and preterm labor will warrant
admission to an obstetrics unit. The ultimate obstetric management depends on ges-
tational age and risks of delivery versus risks of expectant management.
Corticosteroids are recommended for pregnant women with anticipated preterm
delivery and tocolytic treatment can be used for short-term prolongation of preg-
nancy (up to 48 h). In cases of imminent delivery, determination of fetal position is
of utmost importance. Intravenous magnesium sulfate is recommended to reduce
the severity and risk of cerebral palsy in infants if administered when birth is antici-
pated before 32 weeks. If delivery is anticipated and the group B streptococcus
status is unknown, antibiotics should be initiated for prophylaxis.

Key Points

*  Speculum exam to rule out PROM should be done under sterile technique.

* Direct digital examination should be avoided in PROM unless delivery seems
imminent.

* The single most beneficial intervention for improvement of neonatal outcomes
among preterm births is antenatal corticosteroids.

* A single course of corticosteroids are recommended for women between 24 0/7
and 34 0/7 weeks gestational age who are at risk for preterm delivery within
7 days.

e Magnesium sulfate is used for fetal neuroprotection if birth is anticipated before
32 0/7 weeks and reduces the risk of cerebral palsy in infants. Tocolytics can be
used for up to 48 h to allow for corticosteroids

* A 7-day course of antibiotic therapy is indicated in women with preterm PROM
less than 34 0/7 weeks.
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Chapter 7
Precipitous Labor and Emergency
Department Delivery

Brian Sharp, Kristen Sharp, and Eric Wei

Introduction

Every year in the United States, hundreds of patients deliver precipitously in the
emergency department (ED). While the vast majority has good outcomes, ED deliv-
eries can be extremely stressful and chaotic. These rare events must be approached
with a calm mind and a methodological approach. It is also important that emergency
physicians are prepared for management of the various complications that can arise
including shoulder dystocia, prolapsed umbilical cord, and breech delivery.

Labor is divided into three stages. Stage 1 involves a latent and active phase of
cervical dilation and effacement and can last from hours to days. Stage 2 is the time
from full cervical dilation and effacement to delivery of the fetus and can take min-
utes to hours. Stage 3 includes the separation and delivery of the placenta and the
postdelivery phase and typically lasts between 5 and 30 min (but can last up to an
hour) [1]. The length of the first stage of labor typically provides the pregnant
patient sufficient time to present to a labor and delivery (L&D) unit. However, vari-
ous factors can contribute to delays in presentation.
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Precipitous labor is defined as delivery of the fetus less than 2—3 h after com-
mencement of regular contractions [1, 2]. Reported rates of precipitous labor
vary between 0.07 and 0.6% in the United States [3, 4]. Any ED delivery should
be considered and approached as a precipitous delivery. Accelerated or rapid
labor and delivery is thought to result from abnormally low resistance of the
birth canal, abnormally strong uterine and abdominal contractions, or rarely
from the absence of painful sensations. Factors thought to contribute to increased
likelihood of precipitous delivery include multiparity, intrauterine growth
restriction (IUGR), low birth weight (<2500 g), younger maternal age, lower
gestational age, fertility treatments, chronic hypertension, placental abruption,
and cocaine use [2-6].

Although the majority of rapid deliveries have good outcomes, rapid labor and
delivery can put the mother and fetus at increased risk for complications. These
include cervical lacerations, higher-degree perineal lacerations, postpartum hemor-
rhage, retained placenta, need for blood transfusions, and prolonged hospital stay
[5], as well as increased risk of low Apgar scores, admission to the NICU, and mor-
tality when compared to non-precipitous deliveries [4]. Interestingly, attendance of
medical personnel at rapid deliveries correlated with no difference in the rate of
adverse events [3].

Approach to Precipitous ED Delivery with Normal Fetal
Presentation

The vast majority (estimated 95%) of ED deliveries will include normal, cephalic
(head first) fetal presentation [1]. It is helpful to consider the following approach
when treating these patients.

Preparation

Many EDs have developed a delivery checklist in anticipation of a precipitous or
ED delivery. This includes commonly needed equipment that can be prepared and
stored in an easily accessible location and will typically consist of adequate light-
ing, sterile gloves, gown, sterile surgical scissors, two umbilical clamps (or hemo-
stats), bulb suction, dry towels and blankets, diaper, red top tube, radiant warmer/
incubator, suction, oxygen (neonatal bag), pediatric and adult code cart/airway
management equipment, sterile surgical blades, syringes, needles, and suture mate-
rial. Of note, continuous fetal heart rate monitoring and uterine activity monitoring
should be included, but is typically of limited availability and utility in a precipitous/
ED delivery.
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Assessment

Obtain as much pregnancy/prenatal history as possible from the mother and/or med-
ical record including gravidity and parity, gestational age, fetal weight, any compli-
cations with this pregnancy, and whether rupture of membranes has occurred. It is
also helpful to know about outcomes with prior pregnancies (twins, difficult deliver-
ies, cesarean deliveries) and a basic medical history with focus on anything that
could complicate resuscitation or lead to potential fetal compromise (i.e., bleeding
diathesis or sedating medications/illicit drugs).

A sterile vaginal assessment should be performed, evaluating for any clues that
delivery is imminent including a visible fetus emerging (crowning) or any palpable
presenting part (arm/leg). If a fluid-filled amniotic sac is visible, take care not to rupture
it. Even if a fetus or fetal part is not visible, delivery is likely imminent if the patient is
experiencing painful contractions two or less minutes apart, has significant urge to push
(reflex if the fetus has descended into the birth canal), and the perineum distends with
contractions or you appreciate significant labial separation, anal relaxation/presence of
stool, and/or vaginal bleeding. Cervical dilation and effacement should be assessed.
Multiparous women will often know the feelings that signal impending birth. If time
permits, the presenting part can be determined with bedside ultrasound (i.e., vertex/
head down vs. breech), and a fetal heart rate should be obtained via Doppler or auscul-
tation. A normal fetal heart rate is between 110 and 160 bpm with a significant decrease
or increase potentially indicating fetal distress. Other important physical exam findings
may include maternal fever, which can indicate possible intra-amniotic infection, and
hypertension, which can suggest preeclampsia or eclampsia.

The emergency physician must then determine if safe transfer to an obstetric unit
can occur. Patients in active labor but not at risk for imminent delivery should be
transferred immediately. With fetal presentation at the vaginal outlet (crowning),
delivery will need to occur in the ED. If fully effaced and dilated, the patient should
probably be delivered in the ED, but will depend on distance and time to L&D
unit—i.e., down the hall vs. ambulance ride. Any other scenario will require clinical
judgment to determine the best management.

If a patient presents in precipitous labor and with delivery imminent, notify the
obstetric provider, the L&D unit, and the pediatrician and/or neonatologist to pre-
pare for any potential complications. This process can be streamlined by use of a
birth pager or imminent delivery pager that notifies these appropriate consultants.

Delivery Technique

If it is determined that delivery is imminent, place the mother in the lithotomy posi-
tion—semi-seated with the hips flexed and abducted and the knees flexed. If no
stirrups are available, pillows, towels, or a bedpan should be placed underneath the
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mother’s pelvis to provide additional room to maneuver during delivery. When the
mother starts to push, instruct her to tuck her chin to chest and place her hands on
the back of her thighs in order to open her pelvis. Rapid breathing or “panting”
through the intense portions of contractions and rest with normal breathing between
contractions can help to avoid rapid delivery.

During normal delivery, the emergency physician should control the fetus and
allow the mother to deliver the baby—not to restrain expulsion. In a normal, vertex
(head first) presentation, the fetal head will be engaged at the dilated cervix—typi-
cally in a flexed or occiput anterior position with the anterior fontanel toward the
posterior perineum. The fetal shoulders then turn obliquely relative to the maternal
anterior-posterior (AP) pelvis diameter, allowing passage through the pelvis.

Delivery of the fetal head is facilitated by applying pressure with one hand against
the perineum and with the other hand placed on the fetal occiput to control rapid expul-
sion. Examine the neck for the presence of nuchal cords (umbilical cord wrapped
around the neck of the fetus), and if present, attempt reduction by bringing the cord
over the fetal head. If the cord is not reducible, it can be left in place or clamped and cut
prior to delivery of the shoulders. After delivery of the fetal head, the head will typically
rotate to one side (now facing one of the maternal thighs), further turning the shoulder
obliquely in the pelvis. Place hands on either side of the fetal head and guide the head
gently downward to deliver the anterior shoulder by passing underneath the symphysis
pubis. This should be followed with upward traction to deliver the posterior shoulder
and body over the perineum. Any difficulty in these maneuvers can be mediated by
having an assistant sharply flex the mother’s thighs back against her abdomen.

After delivery, perform neonatal resuscitation if necessary, typically starting with
suction, drying and stimulating, and more advanced measures as needed. If possible,
place the baby on the maternal chest. Early maternal-fetal skin-to-skin contact appears
to have benefit on breastfeeding outcomes and infant crying [7]. Place one umbilical
clamp or hemostat 10 cm from the fetal abdominal wall with a second 4 cm distal to
the first and cut between the clamps with sterile scissors. The clamping does not need
to occur urgently but should not be delayed more than 2 min after birth [8]. Collect
infant blood in a red top tube to determine newborn’s blood type and Rh(D) status.

Delivery of the placenta will typically occur anywhere between 5 and 30 min after
delivery of the fetus. There is no reason to hasten what should be a relatively spontane-
ous process. Clues that placental delivery is occurring include increasingly frequent
contractions (that initially slow after delivery), a firm uterus, spontaneous lengthening
of the umbilical cord, and a rapid gush of vaginal bleeding. When the placenta begins
to protrude from the introitus, grasp the placenta and gently rotate to extract. If the
placenta does not deliver with contractions, exert mild traction on the umbilical cord
to deliver it while applying pressure on the uterine fundus to avoid uterine inversion.
The highest risk for postpartum hemorrhage is typically in the first hour after placental
delivery. After placental delivery, apply vigorous uterine pressure with massage to
help the uterus contract. If needed, appropriate agents include oxytocin (ideal dose of
20 units in 500 mL crystalloid over 1 h or up to 10 units IM) or methylergonovine. A
more detailed discussion of postpartum hemorrhage is contained in Chap. 8 [9-14].
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Precipitous/ED Delivery with Abnormal Fetal Presentations

While the vast majority of all deliveries including those in L&D units and in the ED
involve normal/cephalic fetal presentation and can be managed with routine deliv-
ery care, it is important to be prepared for the rare, but more complicated presenta-
tions/deliveries. While incredibly stressful (even to obstetricians), these deliveries
can also typically be safely managed with appropriate preparation.

Shoulder Dystocia

Shoulder dystocia is a rare obstetric emergency that occurs in 0.2-3% of live
vaginal deliveries [15—-17]. Shoulder dystocia is defined as a delivery that
requires additional obstetric maneuvers following failure of gentle downward
traction on the fetal head to effect delivery of the shoulders or by a prolonged
head-to-shoulder delivery interval [18, 19]. This can result from a variety of
factors both maternal (small maternal pelvic inlet, inadequate contractions) and
fetal (large fetal size, failure of truncal rotation resulting in a transverse instead
of oblique orientation of the shoulders). Factors that predict deliveries at risk for
a shoulder dystocia include high maternal obesity, maternal diabetes, previous
shoulder dystocia, and fetal macrosomia (>4500-5000 g) [19-21]. The correla-
tion between high fetal birth weight and dystocia has been found to be linearly
predictive [15], but dystocia can also occur in babies with lower birth weight
[20, 21].

Complications

Shoulder dystocia can result in a variety of both maternal and fetal complications.
Postpartum hemorrhage (11%) and fourth-degree lacerations (3.8%) are the most
commonly reported maternal complications [16, 19, 22]. The risk of fetal injury is
as high as 20—-40% [19, 23] and includes reported perinatal mortality rates of
0-2.6% [20, 23]. Fetal injuries include brachial plexus palsies (16.8-25%), cla-
vicular fractures (9.5%), humeral fractures (4.2%), and hypoxic-ischemic enceph-
alopathy [19, 23, 24]. Permanent neurologic injury was found to result in up to
13% of cases [20]. Brain injury cases were associated with significantly prolonged
head-shoulder times (>7 min) [25]. However, clinical deterioration can occur out
of proportion to the duration of hypoxia due to the combination of compression of
the neck leading to central venous congestion and compression of the umbilical
cord reducing placental flow produce as well as decreased uterine blood flow after
delivery of the fetal head [26].
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Technique

Shoulder dystocia can be heralded by delivery of fetal head with subsequent retrac-
tion after attempt at downward traction (i.e., the turtle sign), indicating that typically
the anterior shoulder is impacted on the pubic bone. There are two helpful mnemon-
ics that can be applied to remember a systematic approach to shoulder dystocia.
They are HELPERR and ALARMER (Table 7.1).

The first step in approaching a shoulder dystocia is to call for help. Even more
assistance is often needed than would be required in a typical precipitous delivery.
This will become important in the various maneuvers described. There is also
greater potential for fetal injury and need for fetal resuscitation.

The first or primary maneuvers in a shoulder dystocia are McRoberts maneuver
and suprapubic pressure. These have the highest chance of success and the lowest
risk of fetal injury. These two maneuvers move the maternal pubic symphysis more
cephalad and typically release the anterior shoulder. McRoberts maneuver requires
two assistants—each one holding a leg with the knees and hips flexed and the thighs
held against the abdomen (Fig. 7.1). McRoberts maneuver has been shown by x-ray
not to increase the pelvic diameter but rather to facilitate cephalad rotation of the
symphysis pubis with flattening/straightening of the sacrum [27]. This allows the
posterior shoulder to be pushed over the sacral promontory and fall into the hollow
of the sacrum, while the symphysis rotates over the impacted anterior shoulder.

One assistant should apply suprapubic pressure with the heel of their hand just
over the mother’s pubic bone and over the anterior fetal shoulder. Downward and
lateral pressure applied to the posterior aspect of the impacted, anterior fetal shoul-
der should facilitate adduction of the anterior shoulder, decreasing the fetal diameter
and allowing for passage of the anterior shoulder under the symphysis pubis. Initially

Table 7.1 Mnemonics for shoulder dystocia

HELPERR

Call for help

Evaluate for episiotomy
Legs (McRobert’s Maneuver by assistant)

Enter maneuvers/internal rotation (Rubin’s, Woods Corkscrew)

Remove posterior arm
Roll the patient (Gaskin Manuever)

H
E
L
P Suprapubic pressure (by assistant)
E
R
R

Ask for help

Leg hyperflexion (McRoberts)

Anterior shoulder disimpaction (suprapubic pressure)

Manual delivery of posterior arm

Evaluate for episiotomy
Roll the patient (Gaskin)

A
L
A
R Rotational maneuvers (Rubin II, Woods Corkscrew)
M
E
R
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Fig. 7.1 McRoberts
maneuver performed with
two assistants. Assistant on
patient’s left applies
suprapubic pressure. Image
courtesy CAE Healthcare,
with permission

continuous, the pressure can also be applied in a rocking motion similar to chest
compressions. Fundal pressure should never be applied as it only worsens impaction
on the pelvic brim, potentially injuring the fetus or mother [28]. McRoberts alone
has been shown to be successful between 40 and 58% of the time [22, 29, 30]. When
suprapubic pressure is added, success rates of 54 and 58% have been found [22, 29].

If primary maneuvers (McRoberts and suprapubic pressure) are unsuccessful, sec-
ondary maneuvers to consider include rotational maneuvers or delivery of the poste-
rior arm. These are necessary in approximately 1/3 of cases [31]. Although typically
signifying a greater degree of dystocia, these maneuvers are not actually associated
with a higher risk of maternal or fetal injury [19, 32]. An episiotomy should be con-
sidered, but not routinely performed when a shoulder dystocia is encountered. An
episiotomy will not in itself alleviate the primary problem in a shoulder dystocia (a
bone on bone impaction), and prophylactic episiotomy with delivery does not reduce
the risk of shoulder dystocia occurring [33]. Episiotomy has also been associated
with a sevenfold increase in the rate of severe perineal trauma [34]. However, episi-
otomy does provide additional space for the physician’s hand to successfully perform
the various internal maneuvers to alleviate the shoulder dystocia. With the high suc-
cess rate of McRoberts maneuver and suprapubic pressure, it is most appropriate to
wait until additional maneuvers are required before performing an episiotomy.

The focus of internal rotation maneuvers is to allow entry of the fetal shoulders
into the pelvic inlet in a transverse or oblique diameter. The most popular internal
rotation maneuvers include the Rubin II maneuver and Woods corkscrew maneuver.
Rubin II maneuver involves placement of fingers behind the posterior aspect of the
anterior shoulder of the fetus and rotating the shoulder toward the fetal chest
(Fig. 7.2). The resulting adduction of the fetal shoulder girdle reduces the shoul-
ders’ diameter, potentially alleviating the dystocia. Woods corkscrew maneuver
involves continued application of the pressure on the anterior shoulder (as in Rubin
II), with additional upward pressure placed on the anterior aspect of the fetal poste-
rior shoulder toward the fetal back, leading to posterior shoulder abduction
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Alternative method

Fig. 7.2 Rubin II rotation of the anterior shoulder forward into the fetal chest (fop). Reverse
Woods corkscrew place fingers behind posterior shoulder and rotate fetus in the opposite direction
of Rubin II (bottom). From Gabbe SG, eds. Obstetrics: Normal and Problem Pregnancies.
Philadelphia: Churchill Livingstone, 2017; with permission

(Fig. 7.2). This creates additive force in the same circumferential arc as Rubin II,
resulting in more effective rotation. The McRoberts maneuver also can be applied
during this maneuver and may facilitate its success. If the Rubin II or Woods cork-
screw maneuvers fail, the reverse Woods corkscrew maneuver may be tried. In this
maneuver, the physician’s fingers are placed on the back of the posterior shoulder of
the fetus, and the fetus is rotated in the opposite direction as in the Woods corkscrew
or Rubin II maneuvers.

If internal rotation maneuvers fail, delivery of the posterior arm should be con-
sidered. Place a hand behind the posterior fetal shoulder, tracing the arm to the
elbow, where pressure is applied to the antecubital fossa to flex the fetal forearm



7 Precipitous Labor and Emergency Department Delivery 83

Fig. 7.3 Delivery of the posterior arm. The operator here inserts a hand (a) and sweeps the poste-
rior arm across the chest and over the perineum (b). Care should be taken to distribute the pressure
evenly across the humerus to avoid unnecessary fracture. From Gabbe SG, eds. Obstetrics: Normal
and Problem Pregnancies. Philadelphia: Churchill Livingstone, 2017; with permission

(Fig. 7.3). The arm is then swept out over the fetal chest and delivered. Often, the
fetus follows with spontaneous rotation after the arm is removed, leading to allevia-
tion of impaction of the anterior shoulder. Grasping or pulling of the arm or pressure
directly on the humeral shaft should be avoided. This maneuver is associated with
an increased rate of humeral fracture.

Rotational maneuvers were not associated with a higher fetal injury risk com-
pared with McRoberts maneuver [35]. Individual maneuvers (Rubin, Woods screw,
delivery of posterior arm) were not associated with increased composite morbidity,
neonatal injury, or neonatal depression after adjusting for nulliparity and duration of
shoulder dystocia.

The next maneuver to consider is to roll the patient into an “all fours” posi-
tion—referred to as the Gaskin maneuver (Fig. 7.4). This has been demon-
strated to increase obstetric conjugate by as much as 10 mm with pelvic outlet
increasing by as much as 10 mm [36]. This increased space with the addition
of gravity is often enough to deliver the posterior shoulder and arm and allow
for disimpaction of the anterior shoulder from the pubic symphysis. Gaskin
maneuver was found to be successful in over 80% of women who required
progression to this maneuver [37]. Internal maneuvers may be repeated while
the patient is on “all fours” if simply moving into this position does not result
in delivery.

Heroic maneuvers should be considered only after all other maneuvers have
failed. These include cephalic replacement (Zavanelli) followed by cesarean sec-
tion, symphysiotomy (used more widely in developing countries), deliberate cla-
vicular fracture (to reduce bisacromial diameter), hysterotomy (to allow rotation
from intrauterine pressure), and delivery under general anesthesia.
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Fig. 7.4 The Gaskin
position. The “all fours”
position exploits the effects
of gravity and increased
space in the hollow of the
sacrum to facilitate
delivery of the posterior
shoulder and arm. From
Gottlieb AG, Galan

HL. Shoulder dystocia: An
update. Obstet Gynecol
Clin N Am. 2007;34:501—
531; with permission

Management of Umbilical Cord Prolapse

Umbilical cord prolapse occurs when all or part of the umbilical cord precedes the
fetal presenting part. This is associated with abnormal presentations, situations
where the presenting part does not fill the entire cervical canal, or with a long umbil-
ical cord. Resulting compression of the umbilical cord can result in fetal hypoxia,
distress, and asphyxiation.

With an umbilical cord prolapse and a viable fetus, cesarean delivery is the
method of delivery of choice. Maneuvers to preserve circulation should be instituted
immediately. Attempt should be made to digitally elevate the presenting part from
the umbilical cord and place the mother in Trendelenburg or in an “all fours” posi-
tion. Advise the patient not to push. Placement of a Foley catheter and instilling
500 mL saline may help lift the fetus off the cord. Preparation for emergency cesar-
ean should be underway. Manipulation and cord trauma should be kept to a mini-
mum. If there is no option for surgical management, the umbilical cord may be
pushed gently in a retrograde fashion above the presenting part. Subsequent to
delivery, the physician should be prepared for resuscitation of a distressed infant.

Management of Breech Delivery

Breech presentation is the presentation of fetal feet or buttocks. It is an obstetric
emergency that occurs in 3—4% of term pregnancies [38, 39] with a higher incidence
in preterm deliveries (due to the fact that final natural fetal rotation may not yet have
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Complete breech Incomplete breech Frank breech

Fig. 7.5 The complete breech is flexed at the hips and flexed at the knees. The incomplete breech
shows incomplete flexion of one or both knees or hips. The frank breech is flexed at the hips and
extended at the knees. From Gabbe SG, eds. Obstetrics: Normal and Problem Pregnancies.
Philadelphia: Churchill Livingstone, 2017; with permission

occurred) and with advanced maternal age [40]. Breech presentation is associated
with a morbidity rate 3—4 times greater than that of normal cephalic presentations
[38]. It increases the likelihood of umbilical cord prolapse and dystocia during
delivery. During a normal delivery, the head, which is larger than the buttocks, max-
imally dilates the cervix with the body following, while in a breech delivery, the
buttock does not adequately dilate the cervix to allow for passage of the diameter of
the head. A dystocia can then occur after delivery of the buttock and body as the
head is stuck with resultant umbilical cord compression, fractures, spinal cord inju-
ries, and potential asphyxiation and fetal death as delivery of the head is attempted.

There are three types of breech presentation. In the ED, they are all associated
with high rates of dystocia and poor fetal outcomes, especially for full-term infants.
Types include frank breech (buttocks first with knees extended and feet adjacent to
the head), which represents 65—-70% of breech deliveries; complete (buttocks first
with knees/hips flexed, i.e., cross-legged); and incomplete/footling (one or both feet
below—rare) (Fig. 7.5).

If a breech presentation is recognized on initial cervical examination or bedside
ultrasound, the patient should be moved to L&D if at all possible to facilitate a
cesarean delivery. If transfer is not possible, call for help immediately including
obstetric and pediatric colleagues. Premature infants in the breech often deliver
spontaneously likely secondary to their small size, but as the infant gets closer to
term, dystocia will be more common. Care should be taken to avoid iatrogenic rup-
ture of membranes as this can lead to umbilical cord prolapse. Try to delay maternal
pushing to allow for the arrival of an obstetrician.

If delay is not possible, then an assisted breech delivery will be required (Fig. 7.6).
The patient should be placed in the lithotomy position. Evaluate for umbilical cord
prolapse. Encourage the mother to bear down until the feet/leg and then trunk are
visible. Support the fetal body outside of the birth canal but do not elevate or apply
any traction as delivery progresses. Do not pull on the breech. Allow for spontaneous
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BREECH DELIVERY

As the fetus begins to
lemerge, the posterior hip
will deliver, usually from
the 6-0'clock position.

After spontaneous expulsion
of the umbilicus, rotate the
thigh externally and rotate
the pelvis in the opposite
direction.

L

When the scapulae appear
under the symphysis, reach
over the left shoulder and
sweep the arm across the
chest.

Gently rotate the shoulder
girdle to facilitate delivery
of the right arm.

Fig. 7.6 Breech delivery. From: Roberts JR, e
Philadelphia: Elsevier Saunders, 2014; with permission

Avoid p agressive

. traction, which increases the
risk for head entrapment or
nuchal arm entrapment.

As the Kness flex during the
rotational maneuvers, the
legs can be delivered.

Deliver the left arm.

Rest the fetal body on your

—

Place your index and middle
fingers over the infant’s
maxilla to maintain head
flexion. Apply downward
traction on the shoulders, and
then elevate the body of the
fetus to deliver the head.

ds. Clinical Procedures in Emergency Medicine.
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Table 7.2 Management of

8 ; Explain necessity of effective pushing in the second stage of
vaginal breech delivery

labor

Adequate maternal analgesia

Spontaneous descent and expulsion to the umbilicus with
maternal pushing ONLY

Do not pull on the breech

Rotation to sacrum anterior is desired and can be facilitated

Do not attempt to extract the legs

If needed can assist by flexing leg at the hips once popliteal
fossa is visible

Do not hold by the abdomen

May rotate body to facilitate delivery of the arms over the chest
Support to maintain head in flexed position

Maternal expulsive efforts should be encouraged

delivery until the umbilicus is visualized. The fetal pelvis (not abdomen) should be
grasped by using a sterile towel and delivered until the scapula is visualized. The
neonate should be kept in a sacrum anterior position. If the arms do not deliver at
this point, the infant should be rotated 90° to allow for delivery of the arms. If this
does not occur spontaneously, place a finger into the antecubital fossa to facilitate
delivery of each arm. Another rotation of 180° may now be needed to deliver the
posterior shoulder. Delivery of the head should occur with the fetus against the
sacrum anterior [41]. The Mauriceau-Smellie-Veit maneuver involves use of index
and middle finger to put pressure on the fetal maxilla to flex the fetal neck. Excessive
upward angulation and traction can cause neck hyperextension with cervical spinal
cord injury. If the head cannot be delivered quickly, poor fetal outcome is antici-
pated. If this occurs, one can consider uterine relaxants such as terbutaline or nitro-
glycerine. Table 7.2 reviews management guidelines for breech delivery if this is
encountered in the ED.

Summary

Precipitous delivery is a stressful event. Emergency physicians can prepare for ED
deliveries by developing delivery checklists, kits, and appropriate expedited consul-
tant notification (i.e., paging lists). The majority of precipitous deliveries will result
in good outcomes for mother and baby, but emergency physicians must be prepared
to manage the various complications. Management of shoulder dystocia should
begin with McRoberts maneuver and application of suprapubic pressure and pro-
ceed to rotational or internal maneuvers. In the case of prolapsed umbilical cord,
elevate the presenting fetal part to alleviate pressure on the cord and obtain obstetric
assistance for emergent cesarean section. Breech delivery is best managed by allow-
ing the mother to deliver the fetus with no assistance in delivery until the umbilicus
is visualized.
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Key Points

Most precipitous deliveries will result in good outcomes for mother and baby
with adequate preparation.

Have an ED birth or imminent delivery paging list set up and a supply checklist
in your ED.

For shoulder dystocia, start with the McRoberts maneuver and be prepared to
progress to subsequent maneuvers.

Never apply fundal pressure in a shoulder dystocia.

If a prolapsed cord is identified, first elevate the presenting fetal part.

In a breech delivery, touch the fetus only when you see the umbilicus, and never
pull on the fetus.
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Chapter 8
Evaluation and Treatment of Postpartum
Hemorrhage

Elaine Bromberek and Janet Smereck

Introduction

Severe uterine bleeding after childbirth presents a major life threat for the patient and
unique management challenges for the emergency physician. Postpartum hemorrhage
(PPH) is a significant cause of morbidity and mortality, leading to over 150,000 deaths
per year on average worldwide. It is reported as the third leading cause of maternal
mortality in the USA, complicating as many as 15% of deliveries [1-7]. Initial steps
in the emergency department (ED) management of the patient with PPH involve esti-
mation of the quantity of blood loss and identification of the probable underlying
cause to determine urgency and guide appropriate therapeutic interventions.
Postpartum hemorrhage has various definitions in the literature. One definition is
blood loss in excess of 500 ml after vaginal delivery and 1000 ml after cesarean
delivery, with blood loss in excess of 1000 ml constituting severe PPH [3, 8, 9]. PPH
is further divided into two categories: primary PPH and secondary PPH. Primary
PPH is defined as excess bleeding which occurs in the first 24 h after delivery. As
such, primary PPH is most likely to be managed in the obstetrical ward, although
home births and precipitous deliveries may bring this complication to the ED. The
American College of Obstetricians and Gynecologists (ACOG) specifies severe pri-
mary PPH as blood loss greater than 1000 ml within 24 h following the birth process
accompanied by signs and symptoms of hypovolemia [10]. Secondary PPH, defined
as any abnormal vaginal bleeding occurring after 24 h up to 6 weeks after delivery,
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is less common, complicating 0.5-15% of deliveries [3, 11, 12]. The quantity of
blood loss in secondary PPH is more subjective and generally is defined as bleeding
sufficient to require emergency management, including blood transfusion [12].

The various definitions of PPH often invoke imprecise measures including visual
estimates of blood loss and pad counts [8, 13—15]. Visual estimates tend to underes-
timate and under-recognize large-volume hemorrhage [14, 16]. A more practical
clinical definition of severe PPH is postpartum bleeding necessitating emergency
treatment modalities including blood transfusions, surgical repair, uterine artery
embolization, and hysterectomy [17]. The shock index, defined as the ratio of pulse
to systolic blood pressure, has been evaluated for obstetrical hemorrhage. An index
greater than 0.9-1.1 correlates with severe PPH and the need for therapeutic inter-
ventions such as blood transfusion [18-21] (Fig. 8.1).

Risk Factors for Severe Postpartum Hemorrhage

Knowing which patients who are at increased risk for severe PPH can lead to proac-
tive management and improved outcomes (Table 8.1). Prolonged labor and previous
cesarean delivery strongly predict severe blood loss in women with PPH [3]. Both
the presence of uterine fibroids and a history of treatment for fibroids, either by
myomectomy or uterine artery embolization, are associated with increased risk [12,
22]. A prolonged third stage of labor (>20 min) specifically predisposes patients to
severe PPH. Active management of placental delivery, including uterotonic drug
administration, fundal massage, and controlled cord traction, may decrease the
duration of the third stage of labor, thus decreasing the risk of hemorrhage [23].

Etiologies of Primary Postpartum Hemorrhage

Uterine atony, the failure of the uterus to contract following labor, is the most com-
mon cause of primary PPH [7, 24]. Risk factors for uterine atony include conditions
causing overdistention of the uterus such as multiple birth pregnancy and fetal mac-
rosomia, prolonged labor, and deep anesthetic use [25-27]. Maternal obesity (body
mass index 40 or higher) increases the risk of atonic uterine hemorrhage [28].
Although breast-feeding may have a uterotonic effect due to endogenous oxytocin,
this does not necessarily prevent PPH due to uterine atony [24].

An atonic uterus is “boggy” from the failure of myometrial fibers to contract. It
is palpable on bimanual exam as softer than a typical, contracted post-delivery
uterus. Initial management consists of bimanual uterine massage, which stimulates
myometrial fibers to contract. Bimanual massage involves forceful compression of
the uterus, with one hand providing external pressure on the lower abdomen and the
other hand providing intravaginal pressure on the cervix [26] (Fig. 8.2). Bimanual
compression is more effective when performed by a two-person team. One provider
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Case Example

A 36-year—old female, Gravida 1 Para 1, presented to the ED 5 days after normal
spontaneous vaginal delivery (NSVD) with sudden onset of heavy vaginal bleeding,
rapidly soaking large several towels with dark red blood in a 30—min interval. She
reported pelvic cramping and light-headedness on arrival to the ED. Delivery was at
term and uncomplicated, with estimated blood loss of 400 cc and an intact placenta
noted in obstetrical records. Lochia was scanty in the interval following discharge
from the hospital the day following delivery until presentation to the ED. The patient
had no history of menorrhagia or coagulopathy; her infant was healthy and reported to
be breast-feeding well.

On examination, the patient appeared pale and anxious with an initial heart rate of
133 beats per minute and blood pressure 109/61; she was afebrile. Pertinent physical
findings included mild suprapubic tenderness, with a firm uterine fundus palpable
above the pubic rim; vaginal examination revealed active bleeding with large clots of
blood in the vagina.

Initial management included placement of two large bore peripheral

intravenous (IV) lines and infusion of normal saline, 2 | by rapid bolus. Blood was
obtained for complete blood count (CBC) and type and screen. Heart rate response to
crystalloid infusion was initially favorable; heart rate fell to the 70s and blood pressure
was unchanged; the patient reported feeling less dizzy. Initial hematocrit returned at
36.8 with hemoglobin 12.7 and platelet count 309 x 103. The on-call obstetrician was
consulted but not immediately available to examine the patient; oxytocin for intravenous
infusion was requested from the pharmacy. The emergency physician performed
bimanual compression; the uterine fundus was felt to be firm, and compression of the
cervix was suboptimal due to the presence of large blood clots. Ultrasound examination
at the bedside revealed hemorrhage within the endometrial cavity with open internal
and external os and a large hematoma within the endocervical canal. There was no
sonographic evidence for retained products of conception.

A sudden increase in observed vaginal bleeding then occurred. Blood pressure fell to
85/57 and heart rate increased to 112 beats per minute. Hemoglobin fell to 9.6 and
hematocrit fell to 27.9 on recheck. Uncrossmatched O negative blood was ordered for
transfusion, and central venous access was obtained. Oxytocin infusion was initiated.
Vaginal bleeding continued at a brisk rate and blood pressure fell as low as 54/28; the
patient became pale and less responsive. Methylergonovine injection and oral
misoprostol were ordered, and interventional radiology was consulted for potential
uterine artery embolization to assist in hemorrhage control.

Blood was rapidly transfused and a third unit was ordered. The obstetric team examined
the patient in the ED and confirmed the presence of a firm uterine fundus. Two obstetric
providers performed a speculum examination and evacuated a 12 cm by 3 cm clot from
the cervix. No cervical or vaginal lacerations were detected, and the hemorrhage ceased
after clot extraction allowed for vigorous two-person manual compression to achieve
effective contraction of the lower uterine segment and cervix.

Following endocervical clot extraction, administration of uterotonic medications, and
infusions of a total of 4 | of crystalloid and three units of packed red blood cells, the
patient’s blood pressure rose to 119/52 and her level of alertness improved. She was
observed in the hospital without further hemorrhage or need for invasive intervention
and discharged after a period of observation, in stable condition.

Fig. 8.1 The above case, a patient presenting to the ED with severe secondary PPH, illustrates
some of the unique management challenges requiring coordinated efforts across departments in
order to optimize care
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Table 8.1 Factors
predisposing to postpartum
hemorrhage

Pregnancy with multiple fetuses

Fetal macrosomia

Fetal malpresentation

Prior uterine incision or myomectomy

Prolonged labor

Prolonged third stage (>20 min)

Previous postpartum hemorrhage

Placenta previa
Maternal obesity (BMI > 40)
Inherited coagulopathy

Fig. 8.2 Bimanual uterine
massage. Francois KE,
Foley MR. Antepartum
and postpartum
hemorrhage. Obstetrics:
Normal and Problem
Pregnancies. Ed. Steven
G. Gabbe. Philadelphia:
Elsevier, 2016. 407. Print.
With permission
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maintains external pressure to the uterine fundus, while a second provider places
pressure on the lower uterine segment. This technique allows for sustained duration
of compression, which may be required to achieve effective uterine contraction [29].

Traumatic lacerations to the vagina and cervix during delivery are another cause
of PPH. Direct visualization of the vaginal walls and cervix is required for diagnosis
and repair. Although ongoing hemorrhage will likely obscure a clear view, all pos-
sible efforts should be made for direct inspection after uterine atony has been
excluded and treated by examination and bimanual compression [7].

Placenta that is partially or completely retained can cause hemorrhage shortly
after delivery. Examination of the placenta after delivery is necessary to ensure it is
complete, without any missing segments that may remain in the uterus. Retained
placenta must be removed for bleeding to stop. Manual removal is achieved by
sweeping the uterus digitally or with surgical instruments; mechanical evacuation of
retained placenta is more effective than pharmacologic maneuvers [30, 31].
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Table 8.2 Etiologies of postpartum hemorrhage
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Primary hemorrhage:

Secondary hemorrhage:

« Uterine atony

* Traumatic lacerations
* Retained placenta

» Abnormal placentation
* Placenta accrete

* Uterine atony

* Subinvolution of placental site

* Retained products of conception
* Retained placenta

* Endometritis

 Coagulopathy * Coagulopathy

* DIC * DIC

* TTP » Uterine artery pseudoaneurysm
« ITP

* HELLP

* Von Willebrand disease
* Thrombocytopenia

* Hemophilia carrier

« Uterine inversion

Abnormal placental implantation can also contribute to PPH [9, 32]. In the case
of placenta accreta, the placenta invades the myometrium and incompletely sepa-
rates at birth, leading to open sinuses, which predispose to severe hemorrhage [32].
Placenta accreta is subclassified into placenta increta or placenta percreta, based on
involvement of placenta into or through the myometrium [27]. When retained
products are due to placenta accreta, PPH can be especially difficult to control and
hysterectomy is often necessary. Risk factors for placenta accreta include prior
placenta previa and prior invasive gynecologic and obstetric procedures including
uterine incisions, endometrial ablation, and uterine artery embolization [22].

Uterine inversion is a life-threatening but rare obstetric complication that can lead
to postpartum hemorrhage. It is identified by visualization or palpation of the uterine
fundus in the introitus or vaginal vault and by the inability to palpate the uterine
fundus in the abdomen. Associated shock syndrome is due to blood loss, with some
component of parasympathetic response to excessive traction on the malpositioned
uterus [32-34]. The severe degree of shock may appear out of proportion to visual-
ized blood loss. Incomplete inversion can occur with a more occult presentation, in
which the fundus inverts but remains within the body of the uterus [33]. Ultrasound
is helpful in confirming the diagnosis if it is unclear based on physical exam alone.
Ultrasound may show an “inside out” or “upside down” sign, with the fundus dis-
placed toward the vagina or in the uterine body [35]. Although often attributed to
adherent placenta or excessive cord traction, the cause of uterine inversion is often
unknown. Table 8.2 summarizes the commonly reported etiologies of primary PPH.

Etiologies of Secondary Postpartum Hemorrhage

Secondary postpartum hemorrhage occurs in approximately 1% of pregnancies, and
many identifiable causes overlap with those implicated in primary PPH. However,
in one study spanning 9 years, no cause was determined in 16.7% of cases of sec-
ondary PPH, and when determined, the diagnosis was most often based on histo-
pathologic findings. As with primary PPH, uterine atony, retained products of
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conception, subinvolution of the placental site, and coagulopathies are the etiologies
most often identified [36] (Table 8.2).

Retained products of conception (POC) commonly present as a cause of second-
ary PPH. Persistence of the trophoblastic villi and increased vascularity to retained
POC are sources of hemorrhage. Retained placenta can also lead to subinvolution of
the placental site and uterine atony, leading to multifaceted causes for hemorrhage.
Ultrasound imaging may show a thickened endometrium or intrauterine mass with
vascular color flow on Doppler [37].

Placental site subinvolution is the failure of uteroplacental vessels to close after
delivery. Normally after delivery, placental vessels involute to constrict the dilated
uteroplacental vessels caused by normal pregnancy physiology. In the case of sub-
involution, arteries remain dilated when they should be closing, which can lead to
massive blood loss postpartum [38]. Subinvolution was found as the cause of
13.3% of cases of secondary postpartum hemorrhage in one report. It is often asso-
ciated with retained products of conception [36]. A diagnosis can be suggested by
ultrasound showing increased myometrial vascularity and low resistance flow,
which can appear similar to retained POC or arteriovenous malformation [39].

Endometritis, an infection of the endometrium after delivery by a combination of
aerobes and anaerobes, is another causative factor in secondary PPH [36]. Characterized
by fever, pelvic pain, and uterine tenderness with or without purulent lochia, endome-
tritis can rapidly progress to toxic shock syndrome, sepsis, or necrotizing myometritis.
Postpartum infections also predispose the patient to hemorrhage due to acquired coag-
ulopathies. Release of cytokines associated with severe infection leads to activation of
the fibrinolytic system and the coagulation cascade, which can quickly progress to
disseminated intravascular coagulation (DIC). Specifically, a few cases have been
reported of endometritis due to Clostridium bacteria, which release a hemorrhagic
toxin leading to toxic shock syndrome [40]. Hemodynamic instability can occur with
hemorrhagic and septic shock occurring simultaneously. Treatment should include
broad-spectrum antibiotic coverage of anaerobic and gram-negative bacteria [41].

Uterine artery pseudoaneurysm, a rare cause of secondary PPH, is a collection of
blood that communicates with arterial blood flow. It is usually associated with
cesareandelivery, asthereis potential for traumato the uterine artery. Pseudoaneurysm
occurs when a hematoma forms around leakage from the uterine artery and a com-
munication persists. Hemorrhage can be intra-abdominal or vaginal depending on
the location of the hematoma [42]. Alternatively, the pseudoaneurysm can rupture,
leading to sudden and potentially massive blood loss [43].

Hematologic Considerations in Postpartum Hemorrhage

Physiologic adaptations in pregnancy prepare the patient for blood loss during the
childbirth process. In addition to increased blood volume, serum clotting factors
increase in pregnancy, including fibrinogen levels, von Willebrand factor, and levels
of factors VII, VIII, IX, and X [25, 44]. Both inherited and acquired coagulation
defects will predispose the patient to PPH.

Patients with inherited bleeding disorders require special care to prevent PPH [45].
Von Willebrand disease (vWD), the most common hereditary bleeding disorder, is pres-
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ent in approximately 1% of the population and may be mild or severe. Women with
vWD may report a history of excessive menstrual bleeding [46]. Patients who are hemo-
philia carriers will have variable deficiencies in clotting factors; patients with the lowest
concentrations of factor levels in the third trimester have higher incidence of PPH. Patients
with known bleeding disorders are recommended to receive factor treatment prior to
delivery to prevent PPH [45, 47]. In cases of PPH in patients with hereditary bleeding
disorders, management involves replacement of deficient clotting factors [47].

Acquired bleeding disorders in the postpartum period include disseminated
intravascular coagulation (DIC), quantitative platelet disorders including immune
thrombocytopenic purpura (ITP), thrombotic thrombocytopenic purpura (TTP), and
the HELLP syndrome of hemolysis, elevated liver enzymes, and low platelets [48].

DIC is a major concern in postpartum hemorrhage. DIC is a life-threatening
consumptive coagulopathy that leads to microvascular thrombosis and may lead to
organ failure. Exsanguinating PPH in the context of DIC is a complex syndrome
involving consumption of coagulation factors and inability to stop bleeding after
placental separation. Amniotic fluid contains procoagulants including a direct factor
X activator as well as complement. An excess of tissue factor (TF) is released during
detachment of the placenta from the uterine wall after delivery [49]. Placental tissue
and syncytiotrophoblasts express higher levels of TF than other endothelial cells,
and levels of TF are increased during the third trimester in a physiologic effort to
prevent fibrinolysis. If TF is released into maternal circulation, as with placental
abruption, amniotic fluid embolism, and placenta accreta, systemic activation rather
than local activation of coagulation is initiated, leading to potentially widespread
coagulation and depletion of platelets and fibrinogen [49]. Activation of the
fibrinolytic system is followed by activation of the coagulation cascade [50]. Sepsis
and infection can also lead to DIC through cytokine release [51].

Although characteristic laboratory features often define DIC, it is largely a clini-
cal diagnosis. Identification of coagulopathy with labs including PT, PTT, fibrino-
gen, fibrin split products, D-dimer, and platelet levels may not be diagnostic in the
patient in the immediate postpartum period. Typically, low fibrinogen levels are
diagnostic of DIC for nonpregnant patients. However, fibrinogen is an acute-phase
reactant and is unlikely to be low, even in pregnant or postpartum women with DIC,
unless massive postpartum hemorrhage has occurred. It is important to trend fibrin-
ogen levels in this setting, paying close attention to downward trends. D-dimer lev-
els, which are normally elevated during pregnancy, are likely of little clinical value
in bleeding pregnant or postpartum patients [49].

Emergency Department Management of Postpartum
Hemorrhage

First-Line Treatments

Nearly all patients presenting to the ED with PPH will require simultaneous diag-
nostic evaluation and stabilization measures. Involvement of consultants from
obstetrics and interventional radiology should be requested early in the course of
care of the patient with PPH. The initial history and physical exam may provide
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insight into causes based on complications during pregnancy, history of bleeding,
and cesarean versus vaginal delivery. Physical exam may reveal a boggy/atonic
uterus or obvious traumatic laceration. Bimanual uterine compression during the
initial examination may be therapeutic for controlling PPH. Initial laboratory tests
include complete blood count, coagulation factors, and type and screen.
Ultrasonography may reveal evidence for retained products of conception. If uterine
inversion is detected, management involves placing the fundus back into the correct
position. Gentle pressure on the uterine fundus with the palm of the hand as if hold-
ing a tennis ball will help correct positioning, but may require uterine relaxants such
as magnesium and nitroglycerin to allow repositioning to occur [33, 52]. Pain
should also be addressed. When PPH is severe, as indicated by observed volume of
blood loss, an elevated shock index, or other markers such as elevated serum lactate,
blood transfusion should be considered prior to a measurable fall in the patient’s
hemoglobin and hematocrit [19]. Emergency transfusion of uncrossmatched O neg-
ative blood or type-specific blood should be initiated as soon as severe PPH and
hypovolemic shock are recognized [53].

If the uterus is palpably firm, or manual compression is not slowing bleeding,
careful inspection of vaginal walls, cervix, and perineum should be completed for
evaluation of tears or lacerations.

Pharmacologic Therapies

Several pharmaceuticals have the ability to stimulate the smooth muscle of the
uterus. A familiarity with these agents, which are seldom used in the ED, can facili-
tate patient care during urgent situations involving PPH.

Oxytocin. Oxytocin, a synthetic formulation of the nonpeptide pituitary hor-
mone, has stimulant effects on the smooth muscle of the uterus. Oxytocin stimulates
uterine contractions by increasing intracellular calcium [54]. Oxytocin may be
given prophylactically at the third stage of labor, and this has been shown to reduce
PPH [55]. The initial dose is 10—40 units in 1000 ml crystalloid solution given as a
continuous IV infusion [7] or up to 10 units intramuscular (IM). Rapid, undiluted IV
administration should be avoided as this can cause hypotension. Oxytocin is the
drug of choice for prophylaxis and treatment of PPH [56].

Methylergonovine. Midwives have used ergot alkaloids for centuries before
being acknowledged by the medical profession in the mid-1800s. Ergot alkaloids
directly stimulate uterine contraction. Methylergonovine is a semisynthetic ergot
alkaloid that acts directly on the smooth muscle of the uterus and increases uterine
contractions. The dose is 0.2 mg intramuscularly (IM) every 2—4 h [7], and onset of
action is within minutes. Side effects include nausea and vomiting [55].
Methylergonovine should be avoided in women with a history of preeclampsia or
coronary artery disease, as it can cause hypertension and vasospasm.

Prostaglandin analogs. Misoprostol is a prostaglandin E1 analog that induces
contraction of the smooth muscle fibers of the myometrium. It can aid in contraction
of the uterus to slow bleeding due to uterine atony [57]. It is used adjunctively in the
management of retained placenta, but with inconclusive evidence as to its benefit
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over manual removal [30]. Misoprostol may be administered orally, buccally, sub-
lingually, vaginally, or rectally with onset of action between 8 and 11 min when
given via the oral or buccal route [58—60]. The recommended dose is 800—1000 mcg
rectally [7]. When administered for postpartum hemorrhage, higher incidences of
pyrexia have been described [61].

In cases of severe PPH, oxytocin, methylergonovine, and misoprostol may all be
administered. Efficacies of methylergonovine and misoprostol each as single agents
have not been found to be as efficacious as oxytocin alone [55, 62]. Misoprostol in
conjunction with oxytocin to reduce PPH is associated with increased side effects of
shivering and fever as compared to single therapy [62].

Desmopressin (DDAVP) is indicated in the management of PPH in patients with
vWD and hemophilia carrier states; factor supplementation is indicated in patients
with known deficiencies [47]. Factor VIla administration has utility in patients with
PPH complicated by coagulopathy, and antifibrinolytic therapy is an additional
option for the prevention and control of PPH in patients with bleeding disorders [47,
63, 64]. The World Maternal Antifibrinolytic Trial (WOMAN Trial) of the use of
tranexamic acid (TXA) has shown potential benefit for prevention of PPH in low-
risk patients, but mixed reviews challenge its efficacy in the adjunctive treatment of
active PPH [6, 64-66].

Second-Line Treatments: Mechanical and Surgical
Interventions for PPH

Mechanical tamponade of uncontrolled uterine hemorrhage is necessary when
bimanual massage, uterotonic drugs, and vaginal and uterine cavity examination fail
to control PPH [67, 68]. Balloon tamponade, with digital insertion through the cer-
vical os, is preferable to gauze packing [68]. Essentially any balloon device can be
used to tamponade the bleeding. Bakri balloons, Sengstaken-Blakemore tubes, and
Foley and condom catheters have demonstrated successful tamponade. Bakri bal-
loons (Fig. 8.3) have been designed specifically for postpartum hemorrhage and
allow for drainage of blood through side ports so active blood loss after insertion can
be continuously assessed. The balloon should be filled with warm sterile water or
saline. A vaginal pack is then placed to prevent balloon expulsion, and the balloon
should remain for 24-48 h with simultaneous administration of uterotonics [68].

If Bakri balloons are not available, Foley or condom catheters or Blakemore
tubes can be placed into the uterus and inflated to tamponade bleeding, typically
with sterile saline to the maximum volume of the tube or when the uterine fundus
is palpably firm. The proximal end of a urinary catheter must be occluded, typi-
cally with a silk tie, prior to insertion into the uterus and balloon inflation.
The esophageal balloon of the Sengstaken-Blakemore tube has been shown to con-
form well to the shape of the uterus when compared to Foley catheters [69].

If balloon tamponade does not control PPH, invasive procedures must be consid-
ered. Uterine artery embolization is a therapeutic option for severe PPH refractory
to conservative treatment measures [67, 70]. Uterine necrosis is a rare but serious
complication [71]. Open vascular ligation and open compressive sutures (the
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Fig. 8.3 Bakri balloon
tamponade device

B-Lynch procedure) are emergency measures that may be required if interventional
radiology is not available or medical therapy fails to control PPH [68]. Emergent
hysterectomy is a procedure of last resort; it carries a high morbidity including DIC
and ureter and bladder injury [72].

Emergency Department Disposition

The disposition of the patient from the ED after stabilization measures for PPH will
be dependent on the resources available at the treating hospital and the hemody-
namic stability of the patient. The majority of patients will require admission to an
obstetrics unit. Stable patients with normal vital signs and complete resolution of
bleeding can be observed for 8—12 h, monitoring hemoglobin and indices of coagu-
lation. Patients with uncontrolled bleeding will require obstetric consultation and
admission. Patients with hemodynamic instability or suspected DIC will require
higher levels of care and intensive care monitoring. Hospitals without available
obstetrics, general surgery, or interventional radiology on site will require transfer
to a higher level of care, coordinating stabilization measures with the receiving
hospital’s specialty caregivers.
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Summary

Postpartum hemorrhage can lead to severe blood loss and requires a unique set of
emergency interventions to effectively treat the patient. Primary PPH occurs in the
first 24 h after delivery, and secondary PPH occurs from 24 h up to 6—12 weeks post-
partum. The most commonly identified etiologies of primary and secondary PPH
include uterine atony and retained POC. Bimanual compression of the uterus is a
first-line intervention and can be both diagnostic and therapeutic. Early recognition of
maternal shock, early blood transfusion, and screening for coagulopathies can be life-
saving. Uterotonic agents have utility in stimulating uterine contraction and reducing
blood loss. Balloon tamponade is a bedside maneuver that may effectively control
bleeding when conservative measures fail. More invasive measures such as uterine
artery embolization and emergency hysterectomy may be required when first-line
treatment measures fail to control PPH but carry significant risks of complications.

Key Points

e Postpartum hemorrhage can occur up to 6 weeks after delivery.

e Primary PPH is most commonly due to uterine atony, and secondary PPH is most
often multifactorial, including atonic uterus, retained POC, and endometritis.

» Early signs of hemorrhagic shock, including a shock index greater than 0.9-1.1,
should lead to consideration for blood transfusion, even before severe anemia is
detected.

» Coagulopathies must be considered, and DIC may not initially present with lab
abnormalities.

* Manual uterine compression and uterotonic drugs are first-line therapies, and
endocavity balloon tamponade is a bedside procedure that may aid in control of
hemorrhage.

* If medical therapies fail, uterine artery embolization or emergency hysterectomy
may be necessary.

» Early involvement of obstetricians is crucial to patient survival.
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Chapter 9
Cardiovascular Emergencies of Pregnancy

Lisel Curtis and Nick Tsipis

Introduction

Cardiovascular emergencies in pregnancy, while rare, can be catastrophic for mother
and fetus. The unique physiologic changes of pregnancy are demanding on the car-
diovascular system and place pregnant patients at increased risk for potentially
lethal complications including venous thromboembolism, aortic dissection, and
peripartum cardiomyopathy (PPCM). Diagnosis of these three conditions is difficult
as signs and symptoms overlap with each other and can also be experienced in nor-
mal pregnancies. Evaluation of the pregnant patient with a cardiovascular emer-
gency comes with unique challenges; ionizing radiation exposure to mother and
fetus must be considered when selecting an imaging modality, and certain drugs are
contraindicated in pregnancy. Managing a critically ill pregnant patient is stressful
for the entire emergency department team as two lives are at stake. Providers must
remember that the best chance of fetal survival is maternal survival. A coordinated
response by a team that includes obstetricians, surgeons, anesthesiologists, and neo-
natologists will optimize outcomes for both mother and fetus. It is incumbent on the
emergency physician to make an accurate and timely diagnosis, lead resuscitative
efforts, and coordinate the interdisciplinary care team.
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Venous Thromboembolism (VTE) in Pregnancy

Venous thromboembolism (VTE) is a disease that includes both deep venous thrombosis
(DVT) and pulmonary embolism (PE). Hormonal and physiologic changes that occur in
the body during pregnancy including hypercoagulability, venous stasis, decreased venous
outflow, mechanical compression of the inferior vena cava (IVC) and pelvic veins by the
gravid uterus, and decreased mobility place the pregnant patient at higher risk for VTE
[1]. There is up to a tenfold increase risk of a thromboembolic event in pregnancy than in
the nonpregnant state, and over one half occur in the third trimester [2]. An increased rate
of thrombosis exists until 12 weeks postpartum, but is greatest during the first 3-6 weeks
postpartum [3]. When considering risk factors for a thromboembolic event in pregnancy,
the most important risk factors are a prior history of DVT/PE and the pre-existing history
of a thrombophilia [4, 5]. Thromboembolic events are a leading cause of mortality in
pregnancy; PE represented 9.8% of pregnancy-related deaths in 2011 [6].

Deep Vein Thrombosis

DVTs in pregnancy tend to be proximal and large and in the left lower extremity.
The left-sided location is thought to be due to the compression of the left common
iliac vein by the right common iliac artery and the gravid uterus [4]. Compression
ultrasonography is still the first approach in the evaluation of DVT in pregnancy.
However, a negative ultrasound doesn’t completely exclude a DVT as pelvic DVTs
are more common in pregnancy and are often missed on ultrasound. If iliac vein
thrombosis is suspected and the ultrasound is negative, the American College of
Obstetricians and Gynecologists (ACOG) recommends proceeding to a non-contrast
MRI [1]. Serial ultrasounds can be performed in patients with a negative ultrasound,
but in whom the clinician has a high clinical concern of DVT. Additionally, ultra-
sound can be used as a first step even if PE is the primary concern. If a DVT is
found, treatment can begin without the need for computed tomography pulmonary
angiography (CTPA) or ventilation/perfusion (V/Q) scan (Fig. 9.1).

Pulmonary Embolism

The diagnosis of PE is difficult in the pregnant patient as the clinical signs and
symptoms of PE (dyspnea, tachycardia, lower extremity edema) occur in normal
pregnancy. Clinical decision rules have barely been studied in pregnant patients, and
none have been validated in the pregnant population. Standard diagnostic tools such
as D-dimer lose accuracy as levels increase physiologically during normal preg-
nancy. As such, physicians tend to test for PE at lower thresholds in pregnant
patients and rely heavily on diagnostic imaging studies. Indeed, the incidence of PE
is 5% or less in most studies of pregnant patients with suspected PE, compared to
20-25% in nonpregnant patients [7]. Several diagnostic algorithms have been pro-
posed, but the optimal strategy to diagnose PE in pregnancy remains under debate.
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Fig. 9.1 Ultrasound image
of decreased blood flow
through right femoral vein
DVT in transverse view.
Reprinted with permission
of the MedStar Georgetown
University Hospital &
MedStar Washington
Hospital Center Emergency
Ultrasound Group

The D-dimer represents a breakdown product of cross-linked fibrin and is a use-
ful screening tool for DVT/PE in the nonpregnant population. In pregnancy,
however, the D-dimer level increases steadily with each trimester, making the test
less useful to rule out VTE. Multiple studies have evaluated trimester-adjusted
thresholds for normal D-dimer levels in pregnancy, but results are inconsistent [8—
12]. Even if “normal range” pregnancy values are firmly established, the threshold
to safely exclude VTE would need to be identified. Some authors and guidelines
state that a negative D-dimer is still reliably negative in a pregnant patient with low
pretest probability [13, 14]. Other guidelines are contradictory and conclude that the
D-dimer cannot currently be used to exclude suspected PE in pregnancy [15].

The diagnostic work-up of patients with suspected PE often begins assessment of
pretest probability using a validated clinical decision rule. The modified Wells score
(MWS) is a validated clinical tool (in nonpregnant patients) used to risk stratify
patients in whom there is clinical concern for PE (Table 9.1). It is often used in
conjunction with a D-dimer to guide the work-up.

Several studies have evaluated the MWS in pregnancy. A retrospective review by
O’Connor et al. [17] applied the MWS to 81 pregnant and 22 postpartum patients
referred for CTPA over a 5-year period. The authors found that an MWS of 6 or
greater was 100% sensitive and 90% specific with a positive predictive value of 36%
for PE on CTPA. This study is small and retrospective and lacked follow-up data,
but shows a promising application of the MWS in pregnant patients.

A second study by Parilla et al. [12] evaluated trimester-specific D-dimer levels
combined with the MWS as useful risk stratification tools in pregnant women in a pro-
spective and retrospective cohort study. While the number of patients included in the
study was low, the results were promising. Using both trimester-specific D-dimers and
an MWS was 100% sensitive and 81.4% specific in detecting PE if either of the results
were abnormal. In this study, all of the patients with PE would have received a CTPA,
and the total number of CTPAs performed would have been decreased by 52.5%.
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Currently, imaging tests are the mainstay of diagnostic management of suspected
PE in pregnancy. When choosing an imaging modality, risks to the fetus and mother
must be considered. The two most commonly used studies for suspected PE are CTPA
and V/Q scan. VQ scan confers a higher dose of radiation to the fetus, while CTPA
delivers more radiation to the mother, particularly to breast tissue. Breast tissue of preg-
nant women has a high rate of cell turnover and thus more susceptible to ionizing radia-
tion. However, CTPA can identify alternate pathology. Both forms of imaging confer
radiation doses much lower than the exposure associated with fetal harm (Table 9.2).

Multiple diagnostic algorithms for suspected PE in pregnancy have been pro-
posed. The American Thoracic Society and the Society of Thoracic Radiology pub-
lished one such clinical practice guideline in 2011 [15]. A multidisciplinary panel
including members of ACOG was convened to develop evidence-based recommen-

Table 9.1 M.od.iﬁed Wells Clinical symptoms of DVT 3
scoref‘—p re.dlctmn rule Other diagnosis less likely than PE 3
for diagnosing PE
Pulse >100 1.5
Immobilization >3 days or surgery in previous 1.5
4 weeks
Previous PE or DVT 1.5
Hemoptysis 1
Malignancy 1
Low probability 0-1
Intermediate probability 2-6
High probability >6

*Modified from Chagnon I, et al. Comparison of Two Clinical
Prediction Rules and Implicit Assessment among Patients with
Suspected Pulmonary Embolism. Am J Med. 2002 [16]

Table 9.2 VQ scan vs. CTPA for evaluation of pulmonary embolism

VQ scan CTPA
Fetal radiation 0.37 mGy dose 0.01-0.66 mGy
exposure? Radiation exposure Radiation exposure greater to mother, especially
greater to fetus maternal breast tissue
Iodinated N/A Contrast exposure with possible induction of
contrast neonatal hypothyroidism; FDA classifies
exposure iodinated contrast as “B” level recommendation
for safety
Diagnostic value | Rate of nondiagnostic Can identify pathology other than PE
study is between 7 and
21%

“Fetal exposure varies with gestational age, maternal body habitus. Data from: Dubbs SB, Tewelde
SZ. Cardiovascular catastrophes in the obstetric population. Emerg Med Clin North Am.
2015;33:483-500. Winer-Muram HT, et al. Pulmonary embolism in pregnant patients: fetal radia-
tion dose with helical CT. Radiology 2002;224:487-92. American College of Obstetricians and
Gynecologists’ Committee on Obstetric Practice. Committee Opinion No. 656: Guidelines for
Diagnostic Imaging During Pregnancy and Lactation. Obstet Gynecol. 2016. CTPA computed
tomographic pulmonary angiogram, V/Q ventilation perfusion
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dations. Overall, the panel found that there was “limited amount of direct evidence
pertaining to diagnostic test accuracy and patient-important outcomes in the preg-
nant population.” Nonetheless, recommendations were made and are summarized in
Fig. 9.2. If the patient has leg symptoms (swelling, calf pain, or asymmetry), bilat-
eral lower extremity ultrasounds to evaluate for DVT should be the starting point. If
a DVT is found, begin treatment without further work-up. If there are no leg symp-
toms, the first step in the evaluation of a PE should be a chest X-ray (CXR) as it may
show other etiologies that explain the patient’s symptoms (e.g., pneumonia, pulmo-
nary edema). In the pregnant patient with a normal CXR and no history of pulmonary
disease (such as asthma), V/Q scan is recommended. If the patient has an abnormal
CXR or a history of pulmonary disease, CTPA is recommended.

Other algorithms have been proposed and clinical practice varies widely. Several
authors recommend obtaining bilateral lower extremity ultrasounds as a first step when
either DVT or PE is suspected [ 18, 19]. If chest imaging is necessary, the authors believe
both CTPA and V/Q scans are equally justifiable for the pregnant patient. The authors
prefer CTPA as it may identify alternate pathology. Additionally, there is a risk that the
V/Q scan may be indeterminate, requiring that a CTPA be performed as well (Fig. 9.3).

Once the diagnosis of PE/DVT is made in a pregnant patient, treatment with
either low molecular weight heparin (LMWH) or unfractionated heparin (UFH) is

Suspected PE in Pregnancy

Present Leg Symptoms Absent
cus Negative CXR
Abnormal Normal
Nondiagastic
Positive CTPA 9 v/Q
Negative/ Tecnlcallyx Positive Positive/\legative
Inadequale
TREAT STOP CUS, CTPA TREAT STOP

Fig. 9.2 Diagnostic algorithm for suspected PE in pregnancy. (Reprinted with permission of the
American Thoracic Society. Copyright © 2016 American Thoracic Society. Leung AN, et al. [15].
The American Journal of Respiratory and Critical Care Medicine is an official journal of the
American Thoracic Society. CUS compression ultrasonography, CXR chest X-ray, CTPA com-
puted tomographic pulmonary angiogram, V/Q ventilation perfusion)
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Fig. 9.3 CTPA revealing
intraluminal filling defects
(arrows) in the pulmonary
vascular tree. From Sibai
BM, eds. Management of
Acute Obstetric
Emergencies. Philadelphia:
Saunders, 2011; With
permission

indicated. Neither drug crosses the placenta and both are considered safe in preg-
nancy. UFH is recommended instead of LMWH in patients with GFR less than 30
mL/min or in situations where delivery, surgery, or thrombolysis is imminent.
Thrombolytic therapy should be considered for pregnant women with life- or limb-
threatening VTE [20]. Warfarin is contraindicated in pregnancy because it is associ-
ated with teratogenic fetal effects. To the authors’ knowledge, there is no controlled
human data regarding novel anticoagulants and pregnancy.

Disposition of pregnant patients with newly diagnosed VTE is similar to non-
pregnant patients, but decisions should be made in close consultation with the
patient’s obstetrician. In general, patients who are clinically stable with no major
risk factors for bleeding and easy access to medical care may be treated as outpa-
tients. Hospitalization is indicated in patients who are hemodynamically unstable
and have extensive VTE or maternal comorbidities that increase their risk of major
bleeding or in patients that require treatment with UFH.

Aortic Dissection

A rare but devastating cardiovascular emergency of pregnancy is a major vessel arte-
rial dissection. While an overall uncommon event, the majority of aortic dissections in
women of childbearing age occur during pregnancy. Indeed, for women younger than
40, pregnancy is associated with a markedly increased risk of aortic dissection (odds
ratio of 25) [21]. The role of the emergency physician includes early recognition,
resuscitation, early activation of institutional massive transfusion protocols, immedi-
ate surgical and obstetrical consultation, and overall coordination of care.
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The well-described physiologic and hemodynamic changes of pregnancy in con-
cert with accompanying hormonal changes create significant new stresses on the
circulatory systems. The gravid uterus compresses the abdominal aorta and iliac
arteries, leading to increased vascular resistance at the point of compression and
increased stress on the intimal layers of the more proximal aorta. It is suspected that
these stresses, in combination with increased effective circulating volume, heart
rate, cardiac output, and other hemodynamic changes of pregnancy, create new
strains on the vasculature of even previously healthy pregnant patients. The role of
elevated progesterone and, more importantly, estrogen augments these hemody-
namic stresses. As early as the first trimester, maternal arterial vessels begin to dem-
onstrate increased compliance [22]. Postmortem histopathologic examination from
fatal aortic dissections in pregnant patients demonstrates severe degeneration of
elastin fibers and other markers of “arterial degeneration” [23]. Patients with known
connective tissue disorders or conditions (Ehlers-Danlos, Marfan’s, and Turner’s
syndromes) are also at increased risk for acute aortic dissection.

A recent nationwide study from the Netherlands [24] examined vascular dissec-
tions causing death in 23 pregnant patients (incidence 0.74 per 100,000 live births).
The authors observed the most frequent location of dissection to be the aorta, with
coronary and splenic artery dissections less common. The clinical presentation for
a thoracic aortic dissection was variable, but the majority of patients had classic
complaints of severe, sharp chest pain described as “ripping” and/or “tearing” and
radiating to the back, sometimes accompanied by nausea and vomiting. However,
making the diagnosis is challenging. Undoubtedly, the clinical presentation of dis-
sections often significantly overlaps with other cardiovascular emergencies in the
pregnant patient such as PE, acute coronary disease, amniotic fluid embolism, or
preeclampsia. As described previously in the VTE section, D-dimer is not a useful
screening tool as levels rise steadily throughout normal pregnancy.

To definitively diagnose aortic dissection, imaging is required. Similar to non-
pregnant patients, CT or transesophageal electrocardiography (TEE) may be used.
TEE is ideal in pregnancy as it confers no ionizing radiation and can be performed
in the ED, but is not always available. CT does confer ionizing radiation and requires
intravenous contrast; however, these risks must be weighed against the risks of
missing a potentially lethal vascular catastrophe. Importantly, a necessary diagnos-
tic test should not be withheld from a pregnant patient out of concern for possible
risk to the fetus. Bedside ultrasonography may also be useful. Findings such as
intimal flaps within the abdominal aorta, grossly dilated vascular size, a false lumen,
or hemopericardium warrant emergent angiography or other more immediate action
depending on the patient’s hemodynamic status (Fig. 9.4).

For thoracic aortic dissections, management depends on its location. Type A (proxi-
mal/ascending) dissections require emergent surgical intervention with fetal monitoring.
If the fetus has reached viability (>23 weeks), delivery via caesarian should be consid-
ered prior to vascular surgical repair as cardiac surgery is associated with increased fetal
loss. Medical management is preferred for uncomplicated type B dissections.
Endovascular procedures are being used now in complicated type B dissections [25].

In the patient without aortic rupture but confirmed dissection, ED management
includes lowering the heart rate then blood pressure while maintaining clinical indicators
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Fig.. 9.4. Trar.lsvers.e view of Gen TH a0RTA TRAN
aortic dissection with flap S MB

and false lumen in a patient
with Marfan’s. Reprinted
with permission of the
MedStar Georgetown
University Hospital &
MedStar Washington
Hospital Center Emergency
Ultrasound Group

of adequate perfusion. Vasodilation without beta-blockade can cause reflex tachy-
cardia, increase sheer stress on the damaged intima, and potentially paradoxically
worsen extension of the false lumen. Labetalol, nitroprusside, nitroglycerin, and
nicardipine all available as infusions are the agents of choice (Table 9.3). Higher
doses than usual may be required due to the higher baseline sympathetic drive of
pregnancy. All patients with acute aortic dissections required hospital admission,
usually to an intensive care unit.

Peripartum Cardiomyopathy

The pregnant or postpartum patient presenting with progressive dyspnea and/or chest
discomfort may be manifesting the development of peripartum cardiomyopathy
(PPCM), also referred to as pregnancy-associated cardiomyopathy or pregnancy-
associated heart failure. Though several working definitions of PPCM exist, one of the
most inclusive was defined in 2010 by the European Society of Cardiology (ESC) as
an “idiopathic cardiomyopathy presenting with heart failure secondary to left-ventric-
ular (LV) systolic dysfunction towards the end of pregnancy or in the months following
delivery, where no other cause of heart failure is found” [26]. The incidence of PPCM
in the USA is relatively low (estimates range from 1:2500—4000 to 0.1%) but carries
considerable morbidity and mortality, ranging from 5 to 32% [27]. Cardiology and
obstetric consultation should be sought early in the ED course of a patient with PPCM.

Risk factors for the development of PPCM include those classically associated
with the development of cardiovascular disease (hypertension, diabetes, tobacco
use) as well as pregnancy-specific factors (e.g., advanced maternal age, multiparity,
multiple pregnancies, use of tocolytics, nutritional status). The exact cause of PPCM
is not clear. Proposed mechanisms of the pathophysiology of PPCM include viral
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Table 9.3 Profiles of common cardiovascular medications available during pregnancy

Action

Medication

Considerations

Afterload reduction

Hydralazine

Nitrates (isosorbide
mononitrate, nitroglycerin,
nitroprusside)

Calcium channel blocker

ACE inhibitors
ARBs

Safe and well studied in pregnancy. Often
chosen first

Commonly used and considered safe, but
pose a theoretic risk of cyanide toxicity
(nitroprusside)

Not first-line/preferred therapy,

only nifedipine has been shown to be safe
in pregnancy

Contraindicated in pregnancy, but first
choice in postpartum patients

Preload reduction

Loop diuretics

Nitrates (isosorbide
mononitrate, nitroglycerin,

Most likely necessary; can cause decreased
placental blood flow

Commonly used and considered safe, but
pose a theoretic risk of cyanide toxicity

nitroprusside) (nitroprusside)
Spironolactone Avoid during pregnancy—believed to have
(aldosterone antagonist) androgenic effects in the first trimester
p-Blockers Metoprolol, labetolol Considered safe; some evidence of IUGR;
-1 selective preferred because -2 receptor
blockade can theoretically have an
anti-tocolytic action
Anticoagulants Coumadin Contraindicated in pregnancy; potential for

Low molecular weight
heparin

Unfractionated heparin

teratogenicity as well as pregnancy loss
Preferred anticoagulant in pregnant women
with acute VTE

Use if patient’s GFR < 30 mL/min; use if
anticipate thrombolysis, urgent surgery or
delivery

Adapted from: Sommerkamp SK, Gibson A. Cardiovascular disasters in pregnancy. Emerg Med Clin
North Am. 2012;30:952. Sahni G. Chest Pain Syndromes in Pregnancy. Cardiol Clin 30 (2012) 343-367
ACE angiotensin-converting enzyme, ARB angiotensin-receptor blockers, VTE venous thrombo-
embolism, GFR glomerular filtration rate, /UGR intrauterine growth restriction

myocarditis, abnormal immune response to pregnancy, abnormal response to the
hemodynamic stress of pregnancy, and possibly genetic factors [28].

The majority of patients develop symptoms in the first 4 months after delivery,
with 75% of cases diagnosed in the first month postpartum [29]. Symptoms of
PPCM are the same for typical heart failure, including pedal edema, dyspnea on
exertion, orthopnea, paroxysmal nocturnal dyspnea, persistent cough, abdominal
pain from hepatic congestion, dizziness, chest pain, and palpitations. PPCM can be
difficult to diagnose because, like PE and dissection, many of the symptoms overlap
with the normal physiologic changes of pregnancy. Normal pregnancy, with
increased blood volume, increased metabolic demands, mild anemia, changes in
vascular resistance associated with mild ventricular dilatation, and increased car-
diac output, can mimic the early signs and symptoms of PPCM. Some patients may
present with acutely decompensated heart failure, with New York Heart Association
class IIT or IV symptoms (symptoms with minimal exertion or at rest) [30].



114 L. Curtis and N. Tsipis

Evaluation of potential PPCM is multimodal in an attempt to delineate heart
failure from PE, acute coronary syndrome, thoracic aortic dissection, or preeclamp-
sia. Electrocardiography is often abnormal, with 66% of patients with PPCM show-
ing left ventricular hypertrophy and nearly all demonstrating some degree of ST-T
wave abnormality [31]. CXR can confirm pulmonary congestion or reveal another
etiology of shortness of breath such as pneumonia or pleural effusions.
Echocardiography is the most important study and should be performed in all
patients suspected of having PPCM. The ejection fraction (EF) is nearly always
reduced below 45%, though there may not be left ventricular dilation [26].
Laboratory tests such as brain natriuretic peptide (BNP) may be helpful in ruling in
or out heart failure. Additional labs such as complete blood count, complete meta-
bolic profile, and urinalysis may help distinguish PPCM from preeclampsia.

Management of heart failure in the pregnant patient depends on severity of the
disease and is similar to the treatment of nonpregnant patients. An important exception
is the choice of pharmacologic agents. While diuretics, beta-blockers, angiotensin-
converting enzyme (ACE) inhibitors, angiotensin-receptor blockers (ARBs), hydrala-
zine plus nitrates, and aldosterone antagonists have all demonstrated prolonged
survival in nonpregnant patients, ACE inhibitors, ARBs, and aldosterone antagonists
are associated with harmful fetal effects and are contraindicated in pregnant patients.
Also, atenolol has been linked to fetal growth restriction [32]. In general, agents that
preferentially act as beta-1 receptors vs. beta-2 are preferable so as to not inhibit beta-
2-mediated uterine relaxation and peripheral vasodilation. Diuretics may be necessary,
but should be used with caution in pregnant patients as maternal volume depletion can
lead to uteroplacental hypoperfusion. Critically ill patients may require noninvasive
ventilation support or intubation. Patients that experience refractory or a devastating
initial presentation of heart failure during pregnancy with a suspected reversible cause
can be candidates for specific advanced therapy, including an intra-aortic balloon
pump (IABP) or extracorporeal membrane oxygenation (ECMO) to provide maximal
circulatory support. Additionally, these patients can be candidates for mechanical sup-
port devices like left ventricular assist devices (LVADs) as either a bridge to cardiac
transplant or permanent therapy. Bromocriptine, a dopamine 2 agonist that blocks the
release of prolactin and aims to combat prolactin split product cardiotoxicity, has pre-
vented onset of PPCM in several animal models and is being studied with ongoing
prospective randomized control trials. A small “proof-of-concept” study adding bro-
mocriptine to the standard heart failure therapy showed promising results of improved
left ventricular ejection fraction and composite clinical outcome [33].

Summary

The consequences of cardiovascular emergencies in the pregnant patient can be
catastrophic and require decisive evaluation, diagnosis, and management in the ED
in close consultation with obstetric and surgical colleagues. Initial diagnoses of
these life-threatening complications of pregnancy are difficult because symptoms
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overlap between disease states and with normal pregnancy. Once VTE, aortic dis-
section, and peripartum cardiomyopathy have been identified, prompt intervention
and coordinated interdisciplinary care can make the difference between life and
death for both mother and fetus.

Key Points

Cardiovascular emergencies in pregnancy require prompt recognition, resuscita-
tion, appropriate surgical and obstetrical consultation, and overall coordination
of complex interdisciplinary care.

Signs and symptoms of cardiovascular emergencies significantly overlap with
normal physiologic changes and symptoms associated with pregnancy.

Ionizing radiation exposure to mother and fetus must be considered when select-
ing an imaging modality; however, a necessary diagnostic test should not be
withheld from a pregnant patient out of concern for the fetus.

Several medications classically used in the treatment of venous thromboembo-
lism, dissection, and cardiomyopathy carry adverse safety profiles in pregnancy
and should be avoided.

Obstetric consultation should be obtained early in the ED course of all pregnant
patients with a cardiovascular emergency.
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Chapter 10
Cardiac Arrest in the Pregnant Patient

Jessica Palmer, Marianne Wallis, and Joelle Borhart

Introduction

Maternal cardiac arrest is among the most stressful and challenging situations an
emergency physician can encounter during their career. Two lives are at stake,
mother and fetus, and it is generally accepted that the mother’s life takes priority in
resuscitation, as the best chance for fetal survival is maternal survival. Fortunately,
cardiac arrest in pregnancy is rare, complicating an estimated 1 in 12,000 pregnan-
cies in the United States [1]. Maternal mortality is described in the literature as
mortality during pregnancy or within 42 days of delivery [2]. Maternal mortality is
increasing and was most recently estimated at 15.9 per 100,000 in 2012 [3].
Following cardiac arrest, maternal survival rates range from 17 to 59%, while fetal
survival rates range from 61 to 80% depending on the etiology of arrest [4].

The optimal management of maternal cardiac arrest is a multispecialty approach
with involvement of emergency physicians, obstetricians, neonatologists, and
anesthesiologists. Pregnant patients are a specific population with unique causes of
cardiac arrest, and the physiologic changes during pregnancy require distinct modi-
fications during resuscitation.
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Etiologies of Cardiac Arrest

Obstetric Causes

The etiologies of cardiac arrest in the pregnant population can be organized into
three groups: obstetrical, non-obstetrical, and iatrogenic (Table 10.1). Obstetric-
related etiologies include eclampsia/preeclampsia, amniotic fluid embolism, mas-
sive obstetric hemorrhage, and peripartum cardiomyopathy. In developing countries,
hemorrhage and eclampsia are the most common [5].

Amniotic fluid embolism, an etiology unique to the pregnant patient, occurs in
1 in 40,000 pregnancies [6]. It is accountable for 10% of peripartum mortality, and
maternal mortality rate varies between 20 and 60% [6, 7]. The exact pathophysiol-
ogy of amniotic fluid embolism is unclear, but current theories are based on the
overwhelming maternal inflammatory response to fetal tissue. Initially, disruption
of the maternal-fetal barrier, which can occur even in routine labor, leads to release
of fetal tissue into maternal circulation. This triggers a brusque maternal inflamma-
tory response, similar to the inflammatory response in anaphylaxis. Indeed, the term
“anaphylactoid syndrome of pregnancy” is often used in the literature to describe
the condition. Next, a period of uterine hypertonicity leads to fetal distress. Often, it
is the signs of fetal distress including late decelerations and fetal bradycardia that
are first recognized by providers before maternal signs and symptoms. A consump-
tive coagulopathy follows, similar to disseminated intravascular coagulopathy.

Amniotic fluid embolism can present as sudden maternal dyspnea and oxygen
desaturation during labor or shortly following delivery. Cardiovascular collapse
ensues and cardiac arrest is common. Women who survive initial cardiac arrest are
prone to acute lung injury and acute respiratory distress syndrome, in addition to
anoxic brain injury. Fetal distress occurs along with maternal distress (and may even
precede maternal symptoms) as blood is shunted from the uterus to the maternal
central circulation for preservation of cardiac and neurologic function.

Treatment for amniotic fluid embolism is primarily supportive. Anoxic
brain injury may occur quickly, so a definitive airway should be established
early in the resuscitation, and patients should be treated with 100% oxygen [8].

Table 10.1 Causes of cardiac arrest in pregnancy categorized by obstetric, non-obstetric, and
iatrogenic etiologies

Causes of cardiac arrest in pregnancy

Obstetric Non-obstetric latrogenic

Eclampsia Pulmonary embolism | General anesthesia-induced
Amniotic fluid embolism Sepsis Regional anesthesia-induced
Postpartum hemorrhage Trauma Other medications (e.g., magnesium)
Antepartum hemorrhage Myocardial infarction | Anaphylaxis

Peripartum cardiomyopathy Aortic dissection

Status asthmaticus

Anaphylaxis
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Intravascular support in the way of intravenous fluids, blood products, and
vasopressors, if necessary, is recommended. Blood products should be consid-
ered before clinical signs of hemorrhagic shock. The use of specific factors
such as factor VII is not recommended, as these have been linked to vaso-
occlusive events [6].

Non-obstetric Causes

Non-obstetric causes of cardiac arrest in pregnancy include sepsis, trauma, myo-
cardial infarction, aortic dissection, anaphylaxis, status asthmaticus, and pulmo-
nary embolism (PE). The most common cause of cardiac arrest in pregnancy in
the United States is PE [9]. PE complicates 1 in 1,000 pregnancies, and pregnant
women are up to ten times more likely to have a venous thromboembolism than
nonpregnant women [10, 11]. When PE is the cause of cardiac arrest, standard
advanced cardiac life support (ACLS) therapies are less likely to be effective,
necessitating early recognition of this pathology [12]. Clues to PE as the etiology
of cardiac arrest include pulseless electrical activity as the initial rhythm as well
as a dilated right ventricle on bedside ultrasound [13, 14]. Treatment includes
standard ACLS protocol and fibrinolytic therapy. Fibrinolytic options include
recombinant tissue plasminogen activators, or synthetic derivatives such as strep-
tokinase and urokinase [15]. A recent meta-analysis of hemodynamically unsta-
ble pregnant patients with PE showed the risk of major bleeding following
fibrinolysis was low, and the fetal demise rate was only 2.6% [16]. There have
been multiple case reports of successful use of fibrinolytic therapy in unstable
pregnant women with massive PE, including patients at 26 weeks and 32 weeks
with good outcomes [17-19]. Another somewhat novel therapeutic option is
extracorporeal membrane oxygenation (ECMO). There have been several case
reports showing the use of ECMO for PE with favorable outcomes for both
mother and fetus [20, 21].

Iatrogenic Causes

Iatrogenic causes of maternal cardiac arrest include anesthesia-related arrest
(both general and regional anesthesia) and medication induced, specifically
magnesium toxicity. Anesthesia-induced cardiac arrest is the seventh leading
cause of maternal death in the United States [22], although mortality rates are
declining [23]. The decline in maternal deaths related to general anesthesia has
been attributed to increase the use of pulse oximetry and capnography and
utilization of difficult intubation algorithms including the use of supraglottic
airway devices. The reduction in maternal deaths from local anesthesia is
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likely due to using a lower concentration of anesthetics, an increase in general
awareness regarding anesthetic toxicity, and an overall emphasis on safety
practices [22].

Pregnant patients with systemic anesthetic toxicity present with respiratory and
cardiovascular depression, which can eventually lead to complete cardiopulmonary
collapse. Treatment is supportive and centered on early recognition, fluid resuscita-
tion, and airway management. Prevention of hypoxia and metabolic acidosis is criti-
cal [22]. For patients with complete cardiopulmonary collapse refractory to standard
resuscitative measures, lipid emulsion therapy can be considered, though a recent
review was inconclusive regarding the efficacy of lipid emulsion therapy for sys-
temic anesthetic toxicity [24].

Another cause of iatrogenic cardiac arrest in pregnancy is magnesium toxicity.
Magnesium is a standard therapy for patients with preeclampsia and eclampsia, and
there is a risk of cardiopulmonary collapse if toxic levels are reached [25].
Fortunately, toxicity is now rare, as many hospitals have protocols in place to moni-
tor for overdose; however, the possibility still exists and was addressed in recent
guidelines from the American Heart Association (AHA) on cardiac arrest [26].
Toxic levels are reached at levels greater than 3.5 mmol/L, although the exact dos-
ing to reach this level is unclear [27]. Symptoms of magnesium toxicity include loss
of deep tendon reflexes, respiratory depression, somnolence, and cardiac arrest. If
magnesium toxicity is suspected, the infusion should be stopped immediately, and
10 mL of 10% calcium gluconate can be administered [28, 29].

Resuscitation Considerations

ACLS algorithms are generally the same in pregnancy including defibrillation doses
and medical management. However, three important differences exist when resusci-
tating a pregnant patient: (1) positioning of the patient, (2) airway management and
anticipation of a difficult airway, and (3) early consideration of perimortem cesar-
ean delivery (PMCD). Additionally, intravenous access should be obtained above
the diaphragm in pregnant patients.

Positioning of the Patient

Positioning of a pregnant patient in cardiac arrest is one of the key differences from
resuscitating the nonpregnant patient. Once the uterus is palpable above the umbilicus
(around 20 weeks), the uterus compresses the aorta and vena cava and decreases
venous return when the woman lies supine (aortocaval compression). Chest compres-
sions only produce 30% of normal cardiac output in healthy, nonpregnant patients
[30]. In pregnant patients, cardiac output is reduced by an additional 60% in the supine
position due to aortocaval compression. Therefore, in pregnant patients, chest com-
pressions in the supine position produce 10% of normal cardiac output at best [31].
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Fig. 10.1 Demonstration of manual uterine displacement on a simulated gravid patient. One-handed
approach from the patient’s right side, and two-handed approach from patient’s left. Note the “pull-
ing” motion of the provider, as opposed to a “pushing” maneuver when using the two-handed approach

Due to aortocaval compression and the resultant limitations on cardiac output,
positioning of the pregnant patient is crucial. There are two methods that have been
historically used to help decrease aortocaval compression: manual left uterine dis-
placement and lateral tilt. Manual left uterine displacement is the technique cur-
rently recommended by the AHA [32]. This can be done using a one-handed
technique from the right side of the bed, or with two hands from the left side of the
bed (Fig. 10.1a, b). The two-handed approach should be a “pulling” motion instead
of a “pushing” motion. Lateral tilt has also been used, although this requires a dedi-
cated foam or wooden wedge and may be less effective [33].

The AHA recommends chest compressions be performed without modifications
for the pregnant patient. This includes compressions performed over the lower half
of the sternum at a rate of greater than 100 compressions per minute, compressing
at a depth of at least 2 in. (5 cm), allowing for complete chest recoil. The compres-
sions to ventilations ratio remains 30 to 2.

Airway Management

Airway management of obstetric patients can be challenging due to anatomical and
physiologic changes related to pregnancy. Physiologic changes such as increases in
breast tissue and overall weight gain decrease chest wall compliance, making bag-
valve-mask ventilation difficult [34]. During late pregnancy, increases in intra-
abdominal pressure, a laxity of the lower esophageal sphincter, and slowed gastric
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emptying increase aspiration risks during endotracheal intubation. In pregnancy,
there is an overall increased oxygen demand and decreased functional residual
capacity leading to increased susceptibility to hypoxia and rapid desaturation. One
study by McClelland et al. in 2009 demonstrated this rapid desaturation during
induction of anesthesia, with pregnant subjects reaching SpO2 less than 90% within
5 minutes compared to 9 minutes in nonpregnant subjects. Obesity and active labor
accelerate desaturation times, with pregnant patients often becoming significantly
hypoxic in less than 3 minutes [35].

Anatomic changes in pregnancy include an overall increase in laryngeal edema.
Airway tissue becomes edematous and may prevent the passage of larger (size 7.0
or greater) endotracheal tubes. The Mallampati classification system, historically
utilized to evaluate a patient’s ability to open their mouth for endotracheal intuba-
tion, has been shown to advance one to two classes during pregnancy. These airway
changes can persist up to 2—-3 weeks following delivery [31].

For all these reasons, emergency physicians should anticipate obstetric patients
to be difficult to intubate. Difficult or failed intubation is a major contributory fac-
tor to poor maternal outcomes following cardiac arrest [36]. Physicians should
consider selecting smaller-sized endotracheal tubes and limit the number of tube
passes, as multiple attempts can worsen pre-existing edema. Endotracheal intuba-
tion is preferred over supraglottic airways, but laryngeal mask airways (LMAs)
and similar adjuncts should be considered following two unsuccessful intubation
attempts [32].

Perimortem Cesarean Delivery

Perimortem cesarean delivery (PMCD) describes the procedure of delivering a fetus
during maternal cardiac arrest [37]. Historically, the procedure has been performed
to potentially benefit the fetus [31]. Over the years, however, it had been observed
that when cardiopulmonary resuscitation (CPR) was performed on pregnant
patients, return of spontaneous circulation (ROSC) was often achieved after “emp-
tying the uterus” and relieving aortocaval compression [37]. A paradigm shift has
since occurred: once considered purely fetocentric, PMCD is now recommended as
a primarily maternal resuscitative measure. Indeed, some authors have replaced the
term “perimortem cesarean delivery” with ‘“resuscitative hysterotomy” in the
literature.

As a general rule, the fundus of the uterus reaches the umbilicus around
20 weeks gestation. It is at this point that the uterus begins to cause significant
compression of both the aorta and vena cava, impacting venous return to the
maternal heart and increasing maternal afterload [31]. Therefore, any pregnant
patient in cardiac arrest with a palpable uterus at, or above, the level of the umbi-
licus is a candidate for PMCD [4]. Performing the procedure on patients less than
20 weeks gestation is not recommended, as it is not likely to benefit the mother or
the fetus.
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Anoxic brain injury occurs after 4-6 min of cessation of blood flow. [37] Fetal neu-
rologic sequelae tend to occur later than in the mother following an anoxic event [38].
Historically, PMCD was advised after 4 min of CPR without return of ROSC with the
goal of having the baby delivered within 1 minute (the “4-minute rule”’). However, this
standard can be difficult to attain. A retrospective case review by Benson et al. found
90% of perimortem cesarean deliveries occurred after the 5-minute mark [39].
Additionally, multiple studies have shown positive maternal and fetal outcomes follow-
ing deliveries well outside the 4-minute window [4, 31, 40]. Some authors recommend
performing the procedure immediately in patients with non-shockable rhythms (pulse-
less electrical activity and asystole) [37]. In patients with ventricular dysrhythmias
(“shockable rhythms”), 4 minutes of ACLS prior to PMCD is still advised [41].

Contraindications to PMCD include gestational age less than 20 weeks (or a uterine
fundus below the level of the umbilicus in multiple pregnancies), maternal ROSC, and
prolonged maternal arrest (typically greater than 15 minutes, although fetal survival has
been described in the literature as long as 45 minutes after maternal arrest [42]). Little
equipment is needed, and the procedure can be performed with only a scalpel if necessary
(Table 10.2). The procedure should be performed by the provider with the most surgical
experience, and resuscitation teams for both the mother and fetus should be present.

Table 10.2 Perimortem cesarean section procedure, adapted from Parry R et al. [41]

Procedure: perimortem cesarean section

Step 1 | Preparation

* Ensure the patient is supine and continue CPR throughout the procedure
» Have resuscitative teams available

* Prep the area (if time allows)

Step 2 | Skin incision

* Vertical midline incision (recommended)—from symphysis pubis to umbilicus
dissecting through subcutaneous layer, fascia (white, shiny), and rectus muscles to
peritoneum, exposing uterus OR

* Horizontal bikini incision—approximately 20 cm in length, two fingerbreadths
above the symphysis pubis, dissecting as described above

Step3 | Exposure

« Utilize available assistants to retract the abdominal wall, allowing for uterine
exposure

* Retract the bladder (visualized inferiorly) caudally, to prevent injury

Step 4 | Uterine incision

* Vertical— midline incision (recommended) make an incision at the lower portion of
the uterus extending to the thickened fundus (use scissors if necessary); use the
middle and index fingers to lift the uterine wall from the fetus

 Horizontal—make an incision approximately 15 cm in length over the thinned lower
uterine segment; use the middle and index fingers to lift the uterine wall from the fetus

 Cut through the placenta, if needed

Step5 | Delivery

» Locate the presenting part through the uterine incision

* Apply transthoracic pressure to the uterus while placing traction over the presenting
part to deliver the fetus, taking care not to hyperextend the neck of the fetus

 Clamp and cut the umbilical cord

* Deliver the placenta with steady traction on the umbilical cord or manual removal

* Sweep the uterus to ensure complete removal of products

(continued)
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Table 10.2 (continued)

Procedure: perimortem cesarean section

Step 6 | Uterine recovery and closure

* Massage the fundus of the uterus to stimulate uterine contraction and limit
hemorrhage

 Give oxytocin 5 units IV

» Clamp uterine vessels, if actively bleeding

* Closure
— If ROSC attained, consider careful, layered closure, if obstetrics available. If not,

consider packing the uterus or placing absorbable sutures

— If ROSC not attained, consider cardiac visualization for direct cardiac massage

« If actively bleeding, consider additional pharmacological agents, interventional
radiology for vessel ligation/embolization, uterine balloon tamponade, or
hysterectomy

Post-resuscitation Care

If ROSC occurs, standard post-resuscitative care should be initiated including
transfusion of blood products and vasopressor support as needed. Therapeutic
hypothermia has shown to be beneficial to neurological outcomes following car-
diac arrest in nonpregnant comatose adult patients with ROSC after out-of-hospi-
tal cardiac arrest [43]. Data on the use of therapeutic hypothermia in pregnant
patients is limited. Case reports suggest it is safe with good outcomes for mother
and fetus [44, 45]. Therapeutic hypothermia should be considered on a case-by-
case basis in pregnant patients with ROSC following cardiac arrest [30]. If used in
pregnancy, the same protocols for postarrest cooling for nonpregnant patients
should be used [30, 46].

Extracorporeal membrane oxygenation (ECMO) is a novel therapy for cardiac
arrest and can be considered in pregnancy if it is believed that this will increase
likelihood of maternal survival [47]. There are multiple case reports supporting its
use and demonstrating relative safety for the fetus [48, 49].

Summary

Maternal cardiac arrest is fortunately a rare occurrence in an emergency physi-
cian’s career. Understanding maternofetal physiology, cardiac arrest etiologies
unique to the pregnant patient, and resuscitation modifications is a physician’s best
preparation. ACLS algorithms in pregnancy are similar to nonpregnant patients
with a few unique exceptions including positioning of the patient, anticipation of a
difficult airway, and early consideration of PMCD. Therapeutic hypothermia,
ECMO, and fibrinolysis can be considered on a case-by-case basis. Following car-
diac arrest, the best chance for fetal survival is maternal survival, and interventions
should not be withheld from the mother out of concern for the fetus.



10

Cardiac Arrest in the Pregnant Patient 125

Key Points

ACLS algorithms are generally the same in pregnancy including defibrillation
doses and medical management.

Pregnant patients in cardiac arrest should have their uterus manually displaced to
the left.

Anticipate a difficult airway when intubating an obstetric patient.

Any pregnant patient in cardiac arrest with a palpable uterus at or above the level
of the umbilicus is a candidate for PMCD.

The best chance for fetal survival is maternal survival; interventions should not
be withheld from the mother out of concern for the fetus.
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Chapter 11
Trauma in Pregnancy

Marcos Mavromaras, Christina Bird, Julie Gorchynski, and Linda Hatch

Introduction

Trauma, specifically motor vehicle collisions (MVC), intimate partner violence
(IPV), and falls, represents the majority of non-obstetric fatalities during pregnancy
[1, 2]. Seven percent of all pregnancies are affected as a result of trauma [3]. The
incidence of trauma increases with gestational age, and over half of traumatic events
involving pregnant women occur in the third trimester [3]. While nine out of ten
traumatic events in pregnancy are considered minor, 60—70% of fetal losses occur
following a minor maternal injury [4]. Pregnancy itself may be considered an inde-
pendent risk factor for trauma with recent data reporting an increase in IPV among
pregnant women [5]. Other risk factors for trauma include younger age (<25 years),
substance or alcohol use, improper use of seatbelts, and low maternal educational
or socioeconomic level [6-9]. MVC comprise approximately 50% of all traumas in
pregnancy with IPV and falls comprising approximately 22% [1, 3, 10-12].

Emergency physicians often evaluate pregnant women after minor and serious
trauma. An understanding of the anatomical and physiological changes during preg-
nancy as well as injuries unique to the pregnant patient is critical. The optimal
management of the pregnant trauma patient involves a multidisciplinary team of
emergency physicians, obstetricians, trauma surgeons, and neonatologists.
Emergency physicians are in a unique position to educate pregnant patients on
injury prevention including proper seatbelt use as well as screen for IPV.
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Common Mechanisms of Trauma in Pregnancy

Motor Vehicle Collisions

Motor vehicle collisions are the leading cause of trauma in pregnancy, and 82% of
traumatic fetal deaths occur following an MVC. Lack of seatbelt use or incorrect belt
placement increases the risk of intrauterine injury and fetal death and is the major risk
factor for adverse outcomes following MVC [4, 13]. Indeed, unrestrained pregnant
women in MVC are twice as likely to have preterm delivery within 48 h and 2.8 times
more likely to experience a fetal death than if they were appropriately restrained [14,
15]. Compliance with seatbelt usage and proper placement of seatbelts are decreased
in pregnant women. There is a false impression that seatbelts “will hurt the baby.”
Pregnant women often incorrectly position restraints, which make the restraints less
effective in preventing injury to both mother and fetus. Three-point restraint should
include the shoulder strap resting between the breasts and around gravid abdomen,
while the lap portion should rest snugly over the hips below the gravid abdomen [16].
Higher level of education appears to correlate with increased seatbelt usage among
this population [17]. Emergency physicians should educate and encourage pregnant
patients regarding diligent usage and proper placement of seatbelts.

Intimate Partner Violence

One in five teens and one in six adult women experience IPV during pregnancy,
amounting to approximately 335,000 cases in the United States annually [18]. Risk
factors associated with IPV during pregnancy include substance abuse, witnessed
domestic violence as a child, low maternal educational or socioeconomic level,
unplanned pregnancy, history of prior IPV, and unmarried status [19]. IPV may
occur for the first time during pregnancy, or the severity of violence may escalate
[20]. Pregnant victims of IPV are at risk for both immediate- and long-term sequelae
such as placental abruption, uterine rupture, prematurity, and low birth weight
infants, respectively, resulting in maternal and fetal mortality [18, 21, 22]. Since
2013, the US Preventive Services Task Force has recommended screening of all
women of childbearing age for IPV in the emergency department (ED).

Falls

Pregnant women are at higher risk of falling as gait is affected by weight gain and
increased joint laxity and postural stability is decreased. Indeed, one in four women
will fall during the course of their pregnancy [13]. Most falls occur indoors, and
39% are associated with stairs [23]. Falls often result in orthopedic injuries, with
fractures of the lower extremities being most common [24]. Isolated orthopedic
injuries place the pregnant patient at significantly higher risk for adverse obstetric
outcomes including preterm birth, placental abruption, low birth weight infants, and
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increased perinatal mortality. Additionally, there is a ninefold increased risk of
thrombotic events following orthopedic injury [10]. For these reasons, emergency
physicians should have a low threshold for observing and monitoring pregnant
patients after even minor isolated orthopedic injuries.

Anatomic and Physiologic Considerations in Pregnancy

The uterus is relatively protected within the pelvis until between 8 and 12 weeks
after which it starts to ascend, reaching the level of the umbilicus at approximately
20 weeks [25]. The ascending and enlarging uterus displaces the intestine and stom-
ach upward, changing the location of abdominal pain. From the second trimester
forward, the peritoneum may be less irritable due to the peritoneum and abdominal
musculature being stretched from the gravid uterus [26]. There can be significant
trauma within the pelvis and abdomen without peritoneal signs [27]. The unreli-
ability of the abdominal exam may lead to delayed diagnoses of internal injuries
[28]. Between 8 and12 weeks, the bladder also ascends slightly into the abdomen,
itself becoming more susceptible to injury. The diaphragm may be up to 4 cm higher
than in a nonpregnant patient, which, on imaging, may cause an apparent widened
mediastinum, enlarged cardiac silhouette, and decreased lung volumes. Additionally,
this may result in a left axis shift and flattened T waves on ECG (Fig. 11.1).

Emergency Department Evaluation and Management

Primary Survey

The general principles of Advanced Trauma Life Support (ATLS) apply to all preg-
nant trauma patients, with a few exceptions. The first priority of management of the
pregnant trauma patient is to attend to the mother. Optimal care of the mother
amounts to optimal fetal care. The ED evaluation of the pregnant trauma patient
begins with a rapid and thorough assessment of the mother with simultaneous initia-
tion of IV crystalloids, supplemental oxygen, and left lateral decubitus positioning
to avoid hypotension. Vital signs in pregnant trauma patients are unique in that
pregnant women normally have relative tachycardia, hypotension, and tachypnea
due to physiological changes of pregnancy.

Early recognition of pregnancy is critical in the trauma patient. All women of child-
bearing age presenting with trauma should have a pregnancy test performed. In one
study, 8% of pregnant women that were admitted to a trauma center were unaware they
were pregnant [29]. The abdomen should be palpated for a gravid uterus. It is widely
accepted that a clinical estimation of gestational age of >24 weeks, which correlates
with a fundal height of 3—4 finger breaths above the umbilicus, corresponds to a poten-
tially viable fetus and an increased likelihood of extrauterine survival [27].

Successful management of the pregnant trauma patient requires a multidisci-
plinary approach including a trauma surgeon, obstetrician, and neonatologist
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Fig. 11.1 Anatomic and Physiologic Considerations of Pregnancy

working in conjunction with the emergency physician. The emergency physician
must weigh the resources available at their facility and be prepared to mobilize
and coordinate other resources if they should become necessary. Many minor
trauma patients present to non-trauma centers, and even innocuous appearing
injuries may have potentially life-threatening implications to the fetus or mother.
Therefore, transfer to a trauma center or a facility that has continuous fetal car-
diotocographic monitoring capabilities is strongly encouraged.

Airway

Due to the risk of fetal hypoxia, early airway management is highly recommended in
caring for the pregnant trauma patient, especially if the patient is obtunded or displaying
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signs of respiratory compromise [25]. The emergency physician should have a low
threshold for intubation and mechanical ventilation and anticipate a difficult airway [30].

Intubation failure rate has been reported to be higher in pregnant patients due to the
various anatomical and physiological changes that occur in pregnancy. Diaphragmatic
elevation decreases forced vital capacity. The relative hypocapnia of pregnancy, together
with a baseline decrease in functional residual capacity and residual volume, results in
decreased oxygen reserves. There is a propensity toward faster desaturation during rapid
sequence intubation (RSI); therefore preoxygenation is vital [31-35]. Normal pregnancy
causes fluid retention and weight gain resulting in mucosal edema and therefore narrower
airways. This also increases airway resistance and decreases overall respiratory system
compliance. Endotracheal tubes with diameters 0.5-1.0 mm smaller than standard tube
sizes should be used on the first attempt, with smaller tubes prepared as backup [36]. In
addition, there is increased aspiration risk during intubation for the pregnant trauma patient
due to the ascending and enlarging uterus which places increased pressure on intestinal and
stomach contents; at the same time progesterone-mediated smooth muscle relaxation
reduces the tone of the lower esophageal sphincter [37, 38]. A low threshold for the place-
ment of a nasogastric tube for gastric decompression prior to RSI is recommended.

The majority of RSI medications, including paralytics, analgesics, anesthetics, or
sedatives, are category C under the FDA pregnancy pharmacology safety guidelines
(Table 11.1). Exceptions include ketamine, which is category B, and benzodiaze-
pines that are category D (Table 11.2). There are no current recommendations or
guidelines to suggest the use of one medication over another or dose adjustments for
RSI in the pregnant patient [31-33].

Breathing

If mechanical ventilation is initiated, minute ventilation should be managed to
maintain PaCO, levels around 30-32 mm Hg, as hypocapnia is physiologic in late
pregnancy. A PaCO, >32 mmHg in a pregnant patient suggests respiratory insuffi-
ciency and a level >40 mmHg, respiratory failure [30]. Fetal survival is entirely
dependent upon uterine perfusion and oxygen delivery.

Avoidance of an acidotic state is essential as it is thought to result in uterine
vasoconstriction [34].

Targets of Sa02 > 95% and PaO2 > 70 mm Hg ensure fetal oxygen delivery;
PaO2 < 60 mmHg has been associated with compromise of fetal oxygenation [28, 35, 37,
39]. In the event of a pneumo—/hemothorax, the chest tube should be placed 1-2 inter-
spaces higher due to diaphragmatic elevation in order to avoid entering the abdomen [25].

Table 11.1 FDA drug risk classification in pregnancy®

Category | Description

A Controlled studies in humans show no risk to the fetus

B Animal studies show no risk to the fetus, no controlled studies in humans

C No controlled studies in animals or humans

D Evidence of human risk to the fetus exists; however benefits may outweigh risks

X Controlled studies demonstrate fetal abnormalities. Risk outweighs any possible benefit

2As of 2014 the FDA is changing drug labeling regarding its use during pregnancy or lactation and
phasing out the letter categories [61]



134 M. Mavromaras et al.

Table 11.2 Safety profiles of commonly used medications

Category Medications Safety profile

Paralytics Rocuronium

Succinylcholine

Vecuronium

Analgesics/sedatives Ketamine

Propofol

Opiates
Benzodiazapines

Dexmedetomidine

Vasopressors All

Antiemetics Ondansetron

Metoclopramide

Phenothiazines

> amm Qo aOmm QN

Pyridoxine (vitamin B6)

Circulation

Plasma blood volume steadily increases throughout pregnancy; therefore a pregnant
patient may lose up to 2 L of blood before showing any signs of circulatory instabil-
ity [25]. Cardiac output is also increased and can result in rapid hemorrhage. Serum
HCO3 < 19 may be an early indication of circulatory compromise.

In the event of hemorrhage, the fetus is at risk for reduced blood supply because
maternal circulation preferentially shunts blood away from the uterus. Furthermore,
uterine compression of abdominal and pelvic vasculature after 20-week gestation can
result in decreased venous return and resultant “supine hypotensive syndrome.” Patients
should be placed in the left lateral decubitus position when possible or the uterus should
be manually displaced to the left of the midline [26, 40, 41]. Angulations of the patient
on the backboard to achieve a slight left lateral decubitus position of 15° to 30° or right
lateral decubitus positioning are acceptable alternatives [30, 40]. Intravenous (IV)
access, whether central or peripheral, should be established above the level of the dia-
phragm due to possible uterine compression of abdominal and pelvic vasculature [30].

When treating a pregnant trauma patient, the clinician should avoid the pitfall of
attributing hypotension to supine hypotensive syndrome and should ensure that the
patient is not hemorrhaging. Recommendations on resuscitative blood pressure
goals are extrapolated from perioperative cesarean section patients. The American
Heart Association (AHA) recommends a goal for systolic blood pressure (SBP) of
>100 mm Hg or greater than 80% of the patient’s baseline blood pressure [42].
Alternatively, the mean arterial pressure (MAP) can be targeted to a value of
>65 mmHg as extrapolated from studies in nonpregnant patients. In order to main-
tain uterine perfusion, hypotension should be aggressively managed. Urinary out-
put is the most sensitive prognosticator of maternal cardiovascular collapse [43]. It
is recommended that early requisition and utilization of blood products, specifi-
cally CMV antibody-negative or leukocyte-reduced, Rh-negative products, must be
transfused in a 2:1:1 (red blood cell/plasma/platelets) ratio given the relative hemo-
dilution in pregnant women [44]. Vasopressors may reduce uterine flow and there-
fore placental perfusion, but the benefits of correcting maternal hemodynamics are
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of primary concern. The preferential use of phenylephrine has increased in popular-
ity due to recent studies demonstrating less hypotension and improved fetal acid-
base status compared to the once previously utilized ephedrine [45].

Secondary Survey

The secondary survey should proceed according to ATLS guidelines in the same
fashion as nonpregnant women with the addition of fetal heart rate monitoring initi-
ated in the ED if available. Patients who suffer direct abdominal trauma or who
present with contractions, vaginal bleeding, or uterine tenderness are more likely to
have obstetric complications [46]. All pregnant women should have a sterile biman-
ual exam performed to evaluate for the presence of the fetus, fetal body parts,
umbilical cord, placenta, or uterus within the vaginal vault and to determine if any
disruption of the rectal and vaginal mucosa has occurred. The clinician should also
assess for ruptured membranes or acute vaginal hemorrhage. Any of these findings
require immediate surgical and obstetric consultations for imminent fetal delivery in
a more controlled environment. Placental abruption, uterine rupture, and preterm
labor may occur following even minor abdominal trauma [3, 25]. Bedside focused
assessment of sonography in trauma (FAST) can determine the presence of free
fluid, pneumothorax, hemothorax, pericardial effusion, and uterine rupture, if pres-
ent. In the rare event that diagnostic peritoneal lavage is performed, a supraumbili-
cal open approach is recommended to avoid inadvertent uterine injury.

Uterine contractions are the most common presenting obstetric symptoms after
abdominal trauma and are usually self-limited [27]. The identification of pathologic
contractions is important as they may have deleterious effects on the fetus. Tocolysis
may be necessary depending on the gestational age of the fetus in consultation with an
obstetrician. Terbutaline 0.25 mg subcutaneous is recommended as the first-line agent
and intravenous magnesium as an adjunct [25]. If the fetus is between 24 and 34 weeks,
corticosteroids and betamethasone 12 mg or dexamethasone 6 mg intramuscular (IM)
should be given to promote fetal lung maturity if delivery seems probable [25].

Diagnostic Studies

Laboratory Tests

Initial laboratory tests include pregnancy test, complete blood count (CBC), com-
plete metabolic panel (CMP), coagulation studies, lactate, and blood type and cross
match. Because plasma volume increases during pregnancy, a mild decrease in
hematocrit is physiologic; however, in the setting of trauma, there is always the pos-
sibility of ongoing blood loss. Standard parameters for lab values such as CMP,
coagulation studies, and lactate are largely unchanged in the pregnant trauma popu-
lation. Specific predictors of fetal hypoxia include a decrease in hematocrit of
greater than 50%, PaO, <60 mmHg (O, sat<90%), as well as acidosis. Increased
minute ventilation and tidal volume result in a relative hypocapnia and respiratory
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alkalosis with baseline PaCO, of 30 mmHg; a PaCO, of 40 mmHg indicates CO,
retention. However, serum pH can generally normalize due to renal compensation.

Type and cross match with Rh status should be included in a basic trauma lab set.
Reportedly, as little as 0.001 mL of fetal blood in the maternal circulation can sensi-
tize an Rh-negative mother [47]. Therefore rhesus immune globulin (RhIG) should be
administered to all Rh-negative mothers following even minor trauma. In the first tri-
mester, one 50 mcg intramuscular dose is sufficient prophylaxis. In the second and
third trimesters, 300 mcg is needed to provide prophylaxis for up to 30 mL of fetal-
maternal hemorrhage. There is no harm in giving the more readily available 300 mcg
dose to women in the first trimester. The Kleihauer-Betke (KB) quantifies the amount
of fetal-maternal hemorrhage, and KB analysis may have a role in directing the obste-
trician in administering additional doses of RhIG in small subset of women where
fetal-maternal hemorrhage may be in excess of 30 mL [3]. The results of the KB test
will not impact ED care. Some literature reports higher rates of preterm labor in
patients with a positive KB test [48]. Flow cytometric assay has been useful in quan-
tifying fetal-maternal hemorrhage in preference to the KB technique [49]. The initial
dose of RhIG prevents Rh isoimmunization up to 72 h following antigenic exposure.

Imaging

Decisions regarding imaging in pregnant trauma patients are often fraught with
apprehension. The potential risk associated with ionizing radiation exposure to the
fetus should be considered when obtaining imaging studies; however maternal resus-
citation is of primary concern. A necessary diagnostic test should not be withheld out
of concern for the fetus. Radiation harm to the fetus and risk of teratogenesis is great-
est during the 8th through the 15th week of gestation when organogenesis occurs [10]
(Table 11.3). Exposure to ionizing radiation doses above 100-200 mGy is associated
with intrauterine growth retardation and CNS defects, such as microcephaly and
mental retardation. Ionizing radiation doses less than 50 mGy have not been associ-
ated with difference in overall pregnancy outcomes. The fetal dose without shielding
is approximately 30% of that to the mother [3]. Redundant imaging should be avoided,
for example, if a patient is getting computed tomography (CT) scans of the abdomen
and pelvis, and then the pelvic x-ray may not be necessary [3].

Ultrasound carries no risk of ionizing radiation and is considered safe during preg-
nancy [50]. M-mode imaging should be used instead of spectral Doppler imaging to
document fetal heart rate [50]. FAST scan is an effective modality to identify free
intra-abdominal fluid with greater than 90% specificity but with 61% sensitivity [51].
Chest and pelvic x-rays are the more commonly ordered images in trauma. Chest
X-ray should be done with abdominal shielding in known pregnant patients. Most
X-rays are considered very low-dose examinations and pose almost no risk to the fetus
[52]. While CT studies confer the most radiation risk, the studies most commonly used
in trauma evaluation expose the fetus to ionizing radiation doses well below 50 mGy
[53] (Table 11.4). Magnetic resonance imaging (MRI) is considered safe in preg-
nancy; however gadolinium is contraindicated due to possible teratogenic effects [53].
Often in trauma, time is of the essence and MRI may not be practical.
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Table 11.3 Effects of gestational age and radiation dose on radiation-induced teratogenesis

Estimated threshold
Gestational period Effects dose®
Before implantation (0-2 weeks Death of embryo or no 50-100 mGy
after conception) consequence (all or none)
Organogenesis (2-8 weeks after Congenital anomalies (skeleton, 200 mGy
conception) eyes, genitals)
Growth retardation 200-250 mGy
Fetal period
8—15 Weeks Severe mental retardation (high 60-310 mGy
risk)®
Intellectual deficit 25 1Q point loss per
gray
Microcephaly 200 mGy
16-25 Weeks Severe mental retardation (low 250-280 mGy
risk)

“Data based on results of animal studies, epidemiologic studies of survivors of the atomic bomb-
ings in Japan, and studies of groups exposed to radiation for medical reasons (e.g. radiation therapy
for carcinoma of the uterus)

"Because this is a period of rapid neuronal development and migration

Patel S J, Reede D L, Katz D S, et al. Imaging the pregnant patient for nonobstetric conditions:
Algorithms and radiation dose considerations. RadioGraphics 2007;27:1705—1722. With permission

Traumatic Injuries Specific to the Pregnant Patient
Abruptio Placenta

Abruption occurs when the placenta becomes separated from the uterine wall
and is most commonly due to shearing forces related to trauma. Abruption has
been reported to occur in up to 2—4% of even minor trauma. Patients may present
with abdominal or pelvic pain with or without vaginal bleeding. The clinical
signs and symptoms may be subtle. The amount of vaginal bleeding does not
necessarily reflect the severity of the abruption, as a large hemorrhage can be
concealed behind the placenta. Abruptions of less than 50% commonly result in
fetal distress. Fetal demise almost always occurs in the event of greater than 50%
abruption unless the fetus can be immediately delivered [27]. In patients beyond
24 weeks, continuous cardiotocodynamometry is the most sensitive predictor of
abruption after trauma [25]. In one study, all cases of placental abruption showed
frequent contractions, more than eight per hour, in the initial 4 h of electronic
fetal monitoring [54]. Ultrasound has a sensitivity of 24% and 96% specificity
[22, 49, 55]. Therefore, a negative ultrasound cannot exclude placental abrup-
tion. When positive, ultrasound shows retroplacental hemorrhage that is hyper-
echoic. Lab values such as elevated D-dimer, decreased fibrinogen, and elevated
fibrin split products are associated with abruption but are neither sensitive nor
specific [25].
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Table 11.4 Fetal radiation doses associated with common radiological axaminations

Fetal absorbed dose®

Type of examination (mGy)
Very low-dose examinations (<0.1 mGy)

e Cervical spine X-ray (AP and lateral) <0.001
e Any extremity X-ray <0.001
* Chest X-ray (two views) 0.0005-0.01
Low- to moderate-dose examinations (0—10 mGy)

Radiography

e Thoracic spine X-ray 0.003

* Abdominal X-ray 0.1-3

e Lumbar spine X-ray 1-10

e Intravenous pyelography 5-10

* Double-contrast barium enema 1-20
CT

* Head, neck, or extremity® 0-10

* Chest CT or CT pulmonary angiography 0.01-0.66
Nuclear medicine

* Low-dose perfusion scintigraphy 0.1-0.5
* V/Q scintigraphy 0.1-0.8
Higher-dose examinations (10-50 mGy)

e Abdominal CT 1.3-35
e PelvicCT 10-50
* Abdomen and pelvis 13-25
* Aortic angiography of chest, abdomen, pelvis with or without 6.7-56

contrast agent

* Coronary artery angiography 0.1-3
e Nonenhanced CT of abdomen and pelvis to evaluate for nephrolithiasis | 10-11

CT computed tomography, V/Q ventilation/perfusion
“Fetal dose varies with gestational age, maternal body habitus, and exact acquisition parameters
®Most authors report fetal dose from the head, neck, or extremity CT close to zero (negligible scatter)

Uterine Rupture

Uterine rupture is rare, estimated to complicate only 0.6% of traumatic injury [48].
Risk factors include multiparty, prior uterine surgery, polyhydramnios, and multi-
ple gestations [49, 56]. Fetal mortality approaches 100% and maternal mortality
10% [27]. A loss of palpable uterine contour as well as palpation fetal parts may be
found on physical exam, and ultrasound may show abnormal fetal location.

Amniotic Fluid Embolism

Amniotic fluid emboli may occur in the setting of even minor trauma including all
types of blunt trauma injuries [10, 57]. Symptoms are rapidly progressive and
include disseminated intravascular coagulation, acute respiratory failure, and
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cardiac arrest. Treatment is largely supportive. Pulmonary vasodilators such as
inhaled nitric oxide, sildenafil, and prostacyclin may have theoretical benefit in
moving the emboli through the lungs, but lack any significant evidence [10].

CardioPulmonary Arrest and Perimortem Cesarean Delivery

In the event of acute cardiopulmonary arrest in the pregnant patient whose uterus
extends beyond the umbilicus, maternal survival requires uterine-aortocaval decom-
pression. This may be accomplished by performing a perimortem cesarean delivery
(PMCD). Delivery of the fetus aides in maternal survival by decreasing aortocaval
compression, increasing venous return to the heart, and increasing cardiac output by
60-80% [58]. Indeed, some authors advocate using the term “resuscitative hysterot-
omy” to describe the procedure to emphasize the maternal benefits [59]. The most
experienced physician should perform PMCD, and cardiopulmonary resuscitation
(CPR) should be continued during the procedure. Obtaining fetal heart tones is not
required prior to performing a PMCD. Ideally, the fetus should be delivered within
4-5 min from the initiation of CPR, although there are reports of positive maternal and
fetal outcomes beyond this recommendation [60]. Favorable fetal-maternal outcomes
are linked to earlier PMCD; however, the procedure is often unnecessarily delayed.
The placenta must be removed from the uterus following delivery of the infant to maxi-
mize cardiac output. Closure of the uterus, fascia, peritoneum, and skin may be delayed
until the return of spontaneous circulation is achieved [2]. Fear of litigation may hinder
the clinician from performing a PMCD; however, there are no reported cases of litiga-
tion against an emergency physician for having performed a PMCD.

Disposition

Fetal compromise may not be apparent during the initial evaluation in the ED. Continuous
cardiotocodynamometry should be performed in pregnant trauma patients presenting
>24-week gestation for at least 4 h following even minor trauma [26]. If there is any
question of fetal viability, the clinician should err on the side of performing continuous
fetal heart monitoring until dates can be confirmed by ultrasound or other techniques
[30]. In the event that there is no supportive obstetric care on-site, the patient should be
transferred to a facility capable of providing continuous cardiotocodynamic monitoring
and obstetric intervention. Criteria for admission and operative indications are otherwise
similar for pregnant and nonpregnant trauma patients.

Summary

Trauma in pregnancy is a critically important topic for the emergency physician. It
is the unique situation of caring for two patients simultaneously. Efficient and vigi-
lant care of the mother takes precedence and generally ensures better outcomes for
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both mother and fetus. Motor vehicle collisions, intimate partner violence, and falls
are the most common mechanisms of trauma encountered. The emergency physi-
cian should seek to have a firm understanding of the specific anatomical and physi-
ological changes of the pregnant patient as outlined above to ensure optimum care
for their patients. The care of a pregnant patient in a trauma situation should include
a multidisciplinary approach involving trauma surgeons and obstetricians early in
the resuscitation. Emergency physicians are encouraged to err on the side of con-
tinuous monitoring or transfer to a facility capable of such in the event of a viable
fetus with concern or question of potential injury.

Key Points

e The mother takes priority during the trauma resuscitation.

e A pregnancy test should be obtained in all female trauma patients of childbearing
age.

e Motor vehicle collisions, intimate partner violence, and falls represent the major-
ity of non-obstetric fatalities during pregnancy.

e Unrestrained pregnant women have higher rates of complications including pre-
term labor and fetal death. Emergency physicians should educate pregnant
patients about appropriate use of three-point restraint.

¢ Relative tachycardia, hypotension, and tachypnea make it more difficult to iden-
tify hemodynamic instability early.

e Perimortem cesarean delivery should be performed within 4 min of initiation of
CPR when possible.

e Pregnant patients with a viable fetus should have continuous cardiotocodynamic
monitoring for at least 4 h following even minor trauma.
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Chapter 12
Non-obstetric Abdominal Pain in Pregnancy

Mallory Shasteen and Elizabeth Pontius

Introduction

Abdominal pain in pregnancy has a wide differential diagnosis, and many of the
causes are unrelated to the pregnancy itself. As many as 1 in 500 pregnant women
develop an acute abdomen, and up to 1% of women need an operation during preg-
nancy for a non-obstetric problem [1, 2]. Anatomic and physiologic changes in
pregnancy put the pregnant woman at an increased risk for certain conditions.
Additionally, diagnosing the cause of abdominal pain in pregnancy may be chal-
lenging. The gravid uterus may displace abdominal organs, peritonitis may not
develop due to abdominal musculature stretching, and leukocytosis is unreliable
due to leukocytosis of pregnancy. These changes, along with a hesitancy to perform
radiographic tests in pregnant women, can make it difficult to determine the diagno-
sis and subsequently lead to a delay in treatment. This chapter discusses the causes,
presentation, diagnosis, and management of non-obstetric abdominal pain that can
occur in pregnant women, ranging from gynecologic to genitourinary to gastrointes-
tinal (Table 12.1).
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Table 12.1 Non-obstetric causes of abdominal pain in pregnancy

Gynecologic Genitourinary Gastrointestinal

Ovarian torsion Urinary tract infection Appendicitis

Ovarian cysts Pyelonephritis Cholelithiasis/cholecystitis
Fibroids Urolithiasis Pancreatitis

Round ligament pain - Diverticulosis/diverticulitis
Vaginal infections - Bowel obstruction

Pelvic inflammatory disease - Inflammatory bowel disease
- - GERD/peptic ulcer disease
- - Constipation

Appendicitis

Appendicitis is the most common cause of non-obstetric emergency surgery in
pregnancy, affecting 1 of every 1500 pregnancies and accounting for approximately
one-quarter of non-obstetric operations [1, 2, 4]. The incidence of appendicitis in
pregnant women is the same as the incidence of appendicitis in nonpregnant women,
with 40% of cases occurring in the second trimester [1, 2]. Appendix rupture is two
to four times more common in pregnant women than nonpregnant women, often due
to diagnostic delay or hesitancy to perform an operation [1, 2, 5]. A perforated
appendix increases fetal mortality from 0-1.5% to 20-35% [1, 2].

Diagnosing appendicitis in pregnancy can be challenging. The clinical presenta-
tion of appendicitis during pregnancy may differ from that of nonpregnant women,
especially in the third trimester when the growing uterus can displace the appendix
cranially and pain may be felt in the right flank or right upper quadrant [2, 6, 7].
Computed tomography (CT) is commonly used in nonpregnant patients to diagnose
appendicitis, but should be used judiciously during pregnancy. Ultrasound and mag-
netic resonance imaging (MRI) are alternative imaging modalities that are safe dur-
ing pregnancy [1]. A sequential imaging approach may be necessary. Ultrasound is
more readily available, less expensive, and easier to perform; however, if ultrasound
is inconclusive, MRI without contrast may be useful to rule out appendicitis due to
its higher sensitivity (33—100% for ultrasound versus 80—-100% for MRI) [8-10]. In
addition, MRI may also reveal alternative causes of the patient’s abdominal pain,
such as ovarian masses, intra-abdominal abscess, and nephrolithiasis [11]. If MRI is
inconclusive, unavailable, or impractical, CT may be performed in consultation
with obstetricians, radiologists, and the patient. The risks associated with a missed
diagnosis of acute appendicitis are high and generally considered to outweigh the
risks of radiation to the fetus [12, 13]. A necessary diagnostic test should not be
withheld from a pregnant patient out of concern for the fetus.

Appendicitis is a surgical emergency, and delayed treatment leads to increased
maternal complications, including septic shock, peritonitis, and venous thromboem-
bolism, as well as increased fetal loss [1, 2, 4]. Delaying operative intervention may
also lead to increased fetal morbidity, including preterm delivery and fetal loss [14].
In remote areas where surgical services are not available, intravenous antibiotic ther-
apy should be used as a bridge during transport to a higher level of care [15].
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Cholelithiasis/Cholecystitis

Increased estrogen levels during pregnancy lead to increased cholesterol formation,
and higher progesterone levels during pregnancy slow movement of the gallbladder
and lead to bile stasis. When combined, these lead to increased development of
cholelithiasis and cholecystitis [1, 16, 17]. Symptomatic gallstone disease affects
0.05-3% of pregnancies, and cholecystitis is the second most common non-obstetric
surgical complication during pregnancy, affecting approximately 0.1% of pregnan-
cies [1, 2, 13, 16]. The signs and symptoms of gallbladder disease in pregnant
women are similar to those in their nonpregnant counterparts: nausea, vomiting,
fever, right upper quadrant or epigastric pain radiating to the back, and symptoms
that worsen with eating [1].

Ultrasound is the diagnostic test of choice for gallstone disease and cholecystitis
[1]. If concern exists for choledocholithiasis, endoscopic retrograde cholangiopan-
creatography (ERCP) should be performed as it is both diagnostic and therapeutic.
Magnetic resonance cholangiopancreatography (MRCP) can be performed prior to
ERCP; however, MRCP may miss small stones less than 6 mm [18].

Patients with symptomatic cholelithiasis or cholecystitis may be treated surgi-
cally or conservatively with hydration, antibiotics, symptom control, and delayed
cholecystectomy after pregnancy is complete [1]. However, conservative treatment
of symptomatic cholelithiasis leads to higher symptom recurrence rate, increases
the number of emergency department (ED) visits and hospitalizations, and increases
the incidence of both cholecystitis and biliary pancreatitis [2, 13, 16, 19]. Rates of
spontaneous abortions vary from 0 to 12% with conservative management and
0-2% with surgical management [16, 20].

Pancreatitis

Acute pancreatitis in pregnancy is rare, affecting less than 0.05% of pregnancies,
with more than 50% of cases occurring in the third trimester [1, 21]. Symptoms are
similar to those in nonpregnant women: pain, nausea, vomiting, and fever [1].
Gallstone disease is the most common cause of pancreatitis in pregnancy, occurring
in about two-thirds of patients, but elevated triglyceride levels may also cause pan-
creatitis. Rarely, preeclampsia can cause vascular change in the pancreas as well [1,
13,21, 22].

Management of pancreatitis includes hydration, bowel rest, and analgesia, with
early resumption of enteral feeding [1, 22]. Feeding should begin by the mouth after
symptom resolution in mild acute pancreatitis or by nasogastric tube in severe pan-
creatitis. Total parental nutrition should be avoided in pregnancy, as pregnant
patients are at higher risk of acquiring catheter-related infections [24]. Recurrent
gallstone pancreatitis occurs in 70% of pregnant patients, compared with 20-30%
of the general population; thus, surgical consultation for cholecystectomy planning
should be considered during the first episode [13, 22].
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Abdominal ultrasound can be used to look for a dilated common bile duct, cho-
lelithiasis, pancreatic abscess, and pancreatic pseudocysts; MRI also provides
excellent soft tissue imaging and can be used to look for complications [1].
Endoscopic ultrasound, ERCP, and MRCP can also aid in the evaluation for com-
mon bile duct stones and should be considered if symptoms of moderate to severe
pancreatitis do not improve after 2—3 days of treatment [22-24].

Due to advances in diagnosis and treatment, maternal mortality from pancreatitis
has decreased from 30 to 40% in the 1970s to less than 1% in the 2000s [22]. Fetal
loss secondary to maternal pancreatitis has decreased significantly as well, from
near 50% to less than 5%, but can be as high as 20% when acute pancreatitis occurs
in the first trimester [23, 25-27].

Diverticulosis/Diverticulitis

Diverticular disease is typically a disease of elderly patients; thus it often is forgot-
ten in the differential diagnosis of abdominal pain in pregnancy. However, there are
case reports of diverticulitis with perforation as the ultimate cause of a pregnant
patient’s abdominal pain [28], and incidence of diverticular disease at one facility
was 1 in 600 pregnancies [5]. Symptoms of diverticulitis may mimic that of appen-
dicitis if the condition is right sided or due to a Meckel’s diverticulitis [28, 29].
Imaging with ultrasound, MRI, or CT should be considered to help differentiate the
cause of the patient’s pain [5, 28]. Treatment with antibiotics may remove the need
for surgical intervention; however, if surgery is required, a laparoscopic approach is
recommended [5, 29].

Bowel Obstruction

As many as 1 in 1500 pregnancies are complicated by bowel obstruction [1, 12, 30].
Maternal mortality is as high as 6%, but can reach 20% in the third trimester; fetal
mortality can be as high as 26% [1]. Bowel obstructions can be due to adhesions,
either secondary to prior surgery or pelvic inflammatory disease, intussusception,
hernias, or carcinoma. Additionally, the rapidly growing uterus can cause mechani-
cal compression of the gastrointestinal tract; thus bowel obstruction is most com-
mon in the third trimester when the uterus is at its largest [1, 12]. In pregnant
patients, volvulus is a common cause of bowel obstruction, found in 25-44% of
obstructed patients, unlike in the general population where the incidence is much
lower (<1%) [3, 12, 30].

Symptoms of bowel obstruction are nonspecific, as many women experience
abdominal distension, pain, nausea, vomiting, and constipation as part of pregnancy
[3]. Diagnosis of volvulus can often be made by plain radiograph, with a character-
istic horseshoe-shaped distended bowel loop seen in 80-90% of cases. In other
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cases, ultrasound, MRI, colonoscopy, or even CT may be required to make the diag-
nosis [3, 30, 31]. Bowel obstruction may respond to conservative therapy (bowel
rest, nasogastric suction, fluid and electrolyte replacement), but many cases require
operative intervention, especially if signs of bowel necrosis, perforation, or perito-
nitis are present [3, 12, 30, 32, 33]. Occasionally, endoscopy or flexible sigmoidos-
copy can successfully reduce a volvulus, allowing for operative intervention after
completion of pregnancy [34, 35].

Inflammatory Bowel Disease

Inflammatory bowel disease (IBD) encompasses both ulcerative colitis (UC) and
Crohn’s disease (CD). If the disease is inactive at conception, approximately one-
third of patients experience a relapse during pregnancy, most often during the first
trimester or immediate postpartum period. If conception occurs during active dis-
ease, disease activity persists or worsens in two-thirds of patients [5, 36]. Disease
activity at conception and throughout pregnancy is associated with higher rates of
spontaneous abortion, preterm delivery, and low birth weight infants [37-39].
Pregnancy complications, including preeclampsia, preterm premature rupture of
membranes, and venous thromboembolism, are higher in patients with IBD [39].

Symptoms of IBD flares include abdominal pain, diarrhea, rectal bleeding,
and weight loss. Evaluation is similar to that of nonpregnant patients; however,
laboratory testing should include testing stool for Clostridium difficile, as this is
more common in pregnancy [40]. If imaging studies are necessary, MRI without
contrast is preferred to CT scanning, to limit radiation exposure to the fetus.
Flexible sigmoidoscopy and colonoscopy can also be used to investigate disease
severity [40, 41].

Treatment of IBD typically involves a combination of aminosalicylates, cortico-
steroids or other immune suppressants, and antibiotics [5]. The aminosalicylates,
sulfasalazine, and mesalazine are considered safe to use in pregnancy, though
women should receive 2 mg of daily folic acid supplementation to prevent folate
deficiency [5, 37, 39, 41, 42]. In animal studies, corticosteroids have led to a higher
rate of spontaneous abortions, low birth weight, and cleft palate; however, these
studies have not been validated in humans [5, 37, 40, 42]. Corticosteroid use is
associated with gestational diabetes, low birth weight, and preterm birth [39]. Thus,
corticosteroids should be used at the lowest effective dose and for the shortest dura-
tion possible [5, 37, 39, 40]. The decision to use azathioprine, 6-mercaptopurine,
infliximab, and cyclosporine, though generally considered to be safe in pregnancy,
should be made in consultation with both gastroenterology and obstetrics colleagues
[5, 37, 38, 40]. The use of methotrexate is contraindicated in pregnancy, as it is a
known teratogen [5, 37, 39-42]. Metronidazole and quinolones are the antibiotics
used most commonly to treat flares of IBD in nonpregnant patients. Some human
studies have shown increased rates of cleft lip and cleft palate with the use of met-
ronidazole; thus, its use should be avoided in the first trimester [39-42]. Most
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authors agree that quinolones should be avoided during pregnancy due to cartilage
toxicity shown in animal studies, though no harm has been shown in human case
reports [5, 37, 39—42]. Macrolide antibiotics and amoxicillin-clavulanic acid can be
used as alternatives [5, 39, 40].

Pregnant women with Crohn’s disease may be at higher risk of surgical compli-
cations of CD than nonpregnant women with CD, particularly anorectal abscesses
and intestinal-genitourinary fistulas [36]. Indications for surgery in IBD include
severe bleeding, disease refractory to medical management, perforation, obstruc-
tion, and abscess [39, 40, 42]. Surgical intervention for IBD during pregnancy has
led to increased rates of spontaneous abortion and stillbirth [5].

Gastroesophageal Reflux Disease and Peptic Ulcer Disease

Gastroesophageal reflux disease (GERD) affects 30-85% of women during preg-
nancy, and symptoms typically worsen during pregnancy for those women already
diagnosed with GERD [37, 43, 44]. The growing uterus increases intra-abdominal
pressure, and increased estrogen and progesterone levels during pregnancy lead to
lower esophageal sphincter relaxation and decreased gastrointestinal motility.
Symptoms include heartburn, nausea, vomiting, regurgitation, epigastric pain,
anorexia, dysphagia, water brash, chronic cough, and sore throat [43, 44]. Symptoms
may worsen after meals or when lying flat [37, 43].

Treatment begins with diet and lifestyle modifications; however, if these are not
successful, antacids and sucralfate are safe to use in pregnancy [37, 43, 44].
Histamine type 2 receptor antagonists are likely safe in pregnancy, but proton pump
inhibitors should be used only in refractory cases, as some animal studies have
shown teratogenic effects [37, 43—45], The pro-motility agent metoclopramide is
safe in pregnancy and can improve GERD symptoms by promoting gastric empty-
ing and increasing lower esophageal sphincter pressure [44].

Ulcer development and perforation can occur during pregnancy, though perfora-
tion is rare [45]. Ulcer perforation causes acute severe abdominal pain, nausea, and
vomiting. Peritoneal signs such as guarding, rebound, and tense abdominal wall
should prompt surgical evaluation [45, 46].

Constipation

Constipation is a common complaint during pregnancy, affecting as many as 40%
of women [5, 44, 47]. Patients present with abdominal pain, bloating, and occasion-
ally with blood in the stool after straining [44]. Causes include increased levels of
estrogen and progesterone which increase bowel transit time, mechanical blockage
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from the growing uterus, decreased level of maternal activity, as well as iron supple-
mentation common during pregnancy [5, 43, 44].

Treatment focuses on patient education, with the goal of increasing dietary water
and fiber intake and maternal exercise. Bulking agents and probiotics may also be
helpful, and stool softeners are safe to use in pregnancy [5, 43, 44, 48, 49]. Osmotic
and stimulant laxatives such as sorbitol can be used when other measures fail but
can lead to electrolyte disturbances, so should only be used for short duration [5, 43,
44]. Mineral oil, castor oil, and saline hyperosmotic agents should be avoided in
pregnancy, as they may lead to neonatal hypoprothrombinemia and hemorrhage,
uterine contractions, and maternal fluid retention, respectively [44].

Ovarian Torsion

Pregnancy is a risk factor for ovarian torsion, though torsion occurs rarely affecting
1 in 5000 pregnancies [50, 51]. Torsion may involve the ovary, fallopian tube, or
both [52]. It is caused by partial or complete twisting of the vascular pedicle, which
leads to venous, arterial, and lymphatic obstruction that can ultimately result in
ovarian necrosis [52]. When ovarian torsion occurs during pregnancy, it usually
occurs in the first trimester—this is most likely due to the higher incidence of func-
tional cysts during this period [50, 51]. Ovarian torsion is more common on the right
side due to the longer right ovarian ligament, which results in increased mobility of
the right ovary. The presence of the sigmoid colon in the left adnexa decreases the
mobility of the left ovary [50, 51]. In addition to pregnancy, risk factors for ovarian
torsion include increased ovarian size, ovarian tumors, and ovarian hyperstimula-
tion. Assisted reproductive treatments and ovarian hyperstimulation may increase
the size of ovaries and subsequently increase the chance of adnexal torsion [50]. The
incidence of ovarian torsion rises to 6% after ovarian stimulation and up to 16% in
cases of ovarian hyperstimulation syndrome [51]. An ovarian mass 6—8 cm is most
likely to undergo torsion [50].

The most common symptom of ovarian torsion is lower abdominal pain [52, 53].
Other presenting signs and symptoms include nausea, vomiting, fever, adnexal
mass, and leukocytosis [50, 51, 53]. These symptoms are nonspecific which can
lead to misdiagnosis, delayed treatment, and complications such as loss of a fallo-
pian tube or ovary [51, 53]. Pelvic ultrasound with Doppler is the imaging modality
of choice, and the most common finding is an enlarged ovary or an echoic adnexal
mass [50, 52-54]. The absence of arterial and venous blood flow has a 94% positive
predictive value for ovarian torsion and is predictive of a nonviable ovary [52, 54].
Pelvic ultrasound with Doppler flow, however, has a high false-negative rate for
ovarian torsion because of the dual blood supply from the ovarian artery and the
utero-ovarian vessels [54]. The presence of blood flow on Doppler ultrasound does
not rule out ovarian torsion. Early diagnosis and prompt surgical intervention are
critical in order to preserve the pregnancy and the patient’s fertility [50, 53].
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Laparoscopic surgery in early pregnancy has been shown to be safe for the fetus and
is preferable to laparotomy [50, 51]. Delay in surgery may lead to serious infection
and jeopardize the lives of both the fetus and mother [50].

Adnexal Masses and Ovarian Cysts

The incidence of adnexal masses during pregnancy ranges between 0.2 and 2%
[55, 56]. The majority of adnexal masses are found incidentally during first tri-
mester ultrasound, but 1-2% become symptomatic during the first trimester and
can develop complications that require surgical intervention [55]. The most com-
mon adnexal masses during pregnancy are functional cysts, such as follicular
cysts and corpus luteal cysts, which are hormonally influenced [56, 57]. Functional
cysts typically resolve spontaneously after the first 14—16 weeks of gestation.
Other causes of adnexal mass during pregnancy include dermoid cysts, serous
and mucinous cystadenomas, and endometriomas, which are all benign tumors
[55, 56].

Ovarian cysts in pregnancy most commonly occur during the first trimester.
Cysts may become symptomatic due to rupture, hemorrhage, or torsion. The main
presenting symptom is acute abdominal pain, with or without signs of hemody-
namic instability. Pelvic ultrasound (transabdominal or transvaginal) is used to
diagnose ruptured or hemorrhagic ovarian cysts [57]. If the ultrasound diagnosis is
uncertain or an adnexal mass is too big to fully assess by ultrasound, non-contrast
MRI can be used. Gadolinium-based contrast material should be avoided in preg-
nancy [56].

Most ovarian cysts in pregnancy will resolve spontaneously. Surgical interven-
tion is required in the case of suspected ovarian torsion. Although most adnexal
masses during pregnancy are benign, ectopic and heterotopic pregnancy should be
ruled out in patients who present with a symptomatic adnexal mass early in
pregnancy.

Fibroids

Uterine fibroids, or leiomyomas, are benign smooth muscle tumors of the uterus.
Approximately 20-50% of women of reproductive age have fibroids, and the inci-
dence of fibroids increases with maternal age at pregnancy [58, 59]. During preg-
nancy, the size of fibroids can fluctuate. The majority does not significantly change
in size, but one-third of fibroids may grow in the first trimester. The larger the size
of the fibroid, the higher the risk is of adverse events in pregnancy [58, 60, 61].
Most fibroids are asymptomatic in pregnancy, but they can lead to complications
including miscarriage, hemorrhage, abdominal pain, preterm labor, malposition of
the fetus, red degeneration, retained products of conception, and intrauterine growth
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restriction (IUGR). The most common complications in order of frequency are
abdominal pain (47%), threatened preterm labor, and anemia. Painful fibroids in
pregnancy are most often seen in women with large fibroids (>5 cm) during the
second and third trimesters of pregnancy. Pain is usually due to “red degeneration,”
which is the result of decreased blood supply to the fibroid causing the fibroid to
turn red and become necrotic [57-61]. Rupture, hemorrhage, and acute twisting of
fibroids also cause pain.

Fibroids and their complications can often be diagnosed and evaluated by pelvic
ultrasound [59, 61]. Treatment for painful fibroids is primarily conservative. Rarely,
opioid analgesia or surgical management is required for patients who do not respond
to conservative management [58, 60]. Surgical management via myomectomy dur-
ing pregnancy is reserved for cases of severe intractable pain as the risks include
severe hemorrhage, pregnancy injury, and pregnancy loss [59].

Round Ligament Pain

Round ligament pain is caused by physiologic changes that occur as the uterus
increases in size during pregnancy. The round ligament suspends the uterus in place,
and as the uterus grows, the ligaments stretch and can cause pain. Presenting symp-
toms are pelvic pain and low back pain. Symptoms are usually worse on the right
side because the uterus tends to turn to the right. The pain occurs suddenly, often
after changing positions or at night, and can be severe. Round ligament pain is a
diagnosis of exclusion. Treatment is conservative and includes frequent rest, hot and
cold compresses, supportive belts, acupuncture, and yoga [57].

Urinary Tract Infections and Pyelonephritis

Urinary tract infections (UTI) in pregnancy can be divided into three categories:
asymptomatic bacteriuria, cystitis, and pyelonephritis. Asymptomatic bacteriuria is
defined as >10° CFU/ml in midstream clean-catch specimens or >10?> CFU/ml in
catheterized urine specimens. The prevalence of asymptomatic bacteriuria is
between 5 and 10% of pregnancies [63]. Physiologic changes in pregnancy includ-
ing reduction in smooth muscle tone, slowing of ureteral peristalsis, and compres-
sion of the bladder leading to vesicoureteral reflux and urine retention promote
ascending infections and make the pregnant woman with asymptomatic bacteriuria
more susceptible to development of cystitis and pyelonephritis [62, 63]. For this
reason, asymptomatic bacteriuria in pregnant women should be treated. In random-
ized controlled trials, treatment of pregnant women with asymptomatic bacteriuria
has been shown to decrease the incidence of pyelonephritis, preterm birth, and low
birth weight infants [64]. Twenty to thirty percent of pregnant women with asymp-
tomatic bacteriuria can progress to pyelonephritis if left untreated [62, 63].



152 M. Shasteen and E. Pontius

Cystitis is defined as the presence of small bacterial colony counts in the setting
of cloudy urine, dysuria, frequency, urgency, abdominal pain, or suprapubic pain
[63]. Urine culture remains the gold standard for diagnosing UTI but is not neces-
sary in most cases of uncomplicated infections. Urinalysis with >10 leukocytes per
HPF or with positive leukocyte esterase and/or nitrates can be used to diagnose UTI
in the emergency department [62].

Acute pyelonephritis is evidence of UTI via urinalysis (>10 WBC and <2—4 epi-
thelial cells) or urine culture (>10° CFU/ml) in addition to at least one of the follow-
ing: fever, flank pain, or costovertebral angle tenderness [65]. The prevalence of
acute pyelonephritis is between 0.5 and 2% of pregnancies. Pyelonephritis is most
common in late pregnancy, with 80-90% of cases occurring in the second and third
trimesters. Risk factors for pyelonephritis include asymptomatic bacteriuria, mater-
nal age, nulliparity, sickle cell anemia, diabetes, nephrolithiasis, illicit drug use,
history of pyelonephritis, and maternal urinary tract defects [63].

The most common pathogens responsible for UTI during pregnancy are similar
to those in nonpregnant women: E. coli, Klebsiella pneumoniae, coagulase-negative
Staphylococcus, S. aureus, and group B streptococci. Nearly all antimicrobials
cross the placenta and some can cause teratogenic effects. The use of fluoroquino-
lones is contraindicated throughout pregnancy due to the effect on fetal cartilage
development. Aminoglycosides and tetracyclines also have teratogenic effects and
should be avoided during pregnancy if possible. Trimethoprim-sulfamethoxazole
should be avoided in the first trimester [63]. Ampicillin and amoxicillin should be
avoided in the treatment of UTI due to the high rate of resistance [65]. Antimicrobial
selection for the treatment of asymptomatic bacteriuria and cystitis is similar
(Table 12.2), but cystitis requires a longer duration of antibiotics. Treatment of cys-
titis and pyelonephritis should be initiated before the results of the urine culture are
available if culture was ordered [64].

Hospital admission is recommended for pregnant patient with pyelonephritis for
the initial 48 h of treatment, and parenteral antibiotics continued until the patient is
no longer febrile. Parenteral antibiotics should be initiated empirically based on
clinical evidence, then tailored based on culture results. Once the patient is afebrile
for 48 h, she can be switched to oral antibiotics to be continued for 10—14 days [63].
Additional testing in cases of pyelonephritis includes complete blood count, basic
metabolic panel, and ultrasound of the kidneys to exclude renal abscess, ureter
obstruction, and other abdominal infections.

Kidney Stones

The incidence of kidney stones, or urolithiasis, is the same in pregnant women as in
nonpregnant women, affecting 1:200—1:2500 pregnancies [66]. Kidney stones are
most common during the second half of pregnancy, with 80-90% of kidney stones



12 Non-obstetric Abdominal Pain in Pregnancy 153

in pregnant women occurring in the second and third trimester [67]. Patients present
most commonly with flank pain and hematuria. Other symptoms can include nau-
sea, vomiting, fevers, chills, and dysuria. The diagnosis can be challenging as
pregnancy-induced hydronephrosis can cause flank pain that can mimic urolithiasis
[68]. Ultrasound is considered the first-line imaging modality, but is limited by the
low and variable sensitivity (34-94%) and specificity (72-97%). MRI has a speci-
ficity of 80%, but may not be readily available. Ultralow-dose CT is an alternative
imaging modality with sensitivity of 97% and specificity of 95%, but should be
reserved for rare cases as there is no long-term safety data [66].

Initial treatment of kidney stones is conservative (IV fluids and analgesia), as
50-80% of pregnant women will pass the stones spontaneously [66, 67]. Surgical
intervention is required if there is persistent obstruction or intractable pain. A kid-
ney stone in the setting of pyelonephritis can result in urosepsis and premature
labor. These patients may require temporary treatment with nephrostomy, stenting,
or definitive ureteroscopy. A study by Adanur et al. found that semirigid ureteros-

Table 12.2 Antibiotic regimens for asymptomatic bacteriuria, cystitis, and pyelonephritis in
pregnancy

Antibiotic Dose Duration Notes
Asymptomatic | Cephalexin 500 mg PO q6-12h | 3-7 days
bacteriuria Amoxicillin/ 500 mg PO q8hor | 3-7 days
clavulanic acid 875 mg PO q12h
Nitrofurantoin 100 mg PO q12h 5-7 days Contraindicated
38-42 weeks
gestation (risk of
hemolytic anemia)
Cefpodoxime 100 mg PO q12h 3-7 days
Fosfomycin 3gPO Single
dose
Acute cystitis | Cephalexin 500 mg PO q6h 7-14 days
Amoxicillin/ 500 mg PO g8hor | 7-14 days
clavulanic acid 875 mg PO q12h
Nitrofurantoin 100 mg PO q12h 7-14 days | Contraindicated
38-42 weeks
gestation (risk of
hemolytic anemia)
Cefpodoxime 100 mg PO q12h 7-14 days
Fosfomycin 3gPO Single
dose
Pyelonephritis | Ceftriaxone 1 g IV q24h
Cefepime 1 gIV ql2h
Aztreonam 1 g1V g8h
Ampicillin plus 1-2 g IV q6h
gentamicin 1.5 mg/kg IV q8h
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copy is safe for treatment of pregnant patients with refractory symptomatic stones
that cannot pass spontaneously [67].

Pelvic Inflammatory Disease

Pelvic inflammatory disease (PID) is a polymicrobial infection-induced inflamma-
tion that involves the upper female genital tract including the endometrium, fallo-
pian tubes, ovaries, and peritoneum. It is caused by spontaneous ascension of
microorganism from the cervix or vagina [69]. PID includes endometritis, salpingi-
tis, tubo-ovarian abscess, and pelvic peritonitis [70]. Acute PID during pregnancy is
rare, but most often occurs in the first trimester before the cervical mucous plug can
act as an adequate barrier [71]. Symptoms can include mucopurulent vaginal dis-
charge, pelvic pain, nausea, vomiting, diarrhea, and fever. Findings on pelvic exam
include cervical motion tenderness, uterine tenderness, and adnexal tenderness, and
at least one must be present to make the diagnosis. Leukocytosis and leukocyturia
can also be present in acute PID [54, 69, 71]. Acute PID may be mistaken for
appendicitis.

The etiology of PID is polymicrobial: N. gonorrhoeae, C. trachomatis, M. geni-
talium, and aerobic/anaerobic bacteria that are endogenous vaginal flora [70]. The
most common organism cultured from patients with PID is N. gonorrhoeae [72].
Bacterial vaginosis (BV) is frequently present in women with PID; one study found
that two-thirds of women with PID had BV [70].

Treatment includes antimicrobials that provide coverage of all the potential
organisms, even if screening for N. gonorrhoeae and C. trachomatis is negative as
this does not rule out upper genital tract infection with these organisms [69].
Treatment of acute PID can prevent long-term sequelae such as infertility, ectopic
pregnancy, and chronic pelvic pain. Administration of empiric antibiotics within
72 h helps to prevent long-term sequelae and should, therefore, be started as soon
as the presumptive diagnosis is made. Pregnant women with PID are at high risk
for maternal morbidity and preterm delivery; for this reason they should be hospi-
talized and treated with parenteral antibiotics. Inpatient regimens include cefotetan
2 g IV q12h + doxycycline 100 mg PO or IV q12h, cefoxitin 2 g IV q6h + doxycy-
cline 100 mg PO or IV q12h, or clindamycin 900 mg I'V q8hr + gentamicin 3—-5 mg/
kg IV daily [69, 70]. Due to the potential teratogenic effects of doxycycline,
azithromycin can be substituted as a 500 mg IV single dose followed by azithro-
mycin 250 mg PO daily. Parenteral therapy can be discontinued 2448 h after the
patient begins to clinically improve, but oral doxycycline or azithromycin should
be continued to complete a 14-day course [69, 70]. If the patient has a tubo-ovarian
abscess, clindamycin or metronidazole should be used instead of doxycycline [70].
Complications of PID in pregnancy are fetal demise and preterm delivery, and
long-term complications include infertility, ectopic pregnancy, and chronic pelvic
pain [69].
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Summary

Abdominal pain during pregnancy has both obstetric and non-obstetric causes. Up
to 1% of pregnant women require an operation for a non-obstetric cause during their
pregnancy, with appendicitis being the most common culprit. Though diagnosis can
be challenging in pregnancy, assessment of abdominal pain during pregnancy
should include evaluation of potential gynecologic, genitourinary, and gastrointesti-
nal causes.

Key Points

e Abdominal pain in pregnancy is not always obstetric in origin.

* Abdominal pain in pregnancy can be diagnostically challenging due to anatomic
and physiologic changes that occur during pregnancy.

» Ultrasound is the most common diagnostic tool to evaluate pelvic and abdominal
pain during pregnancy and is safe to use.

* Appendicitis is the most common cause of non-obstetric emergency surgery in
pregnancy, and diagnostic delay can lead to increased fetal mortality.

* Pregnancy and the use of assisted reproductive technology treatments increase
the risk of ovarian torsion. Delay in diagnosis and surgical intervention can lead
to increased fetal mortality and maternal morbidity.

» Physiologic changes in pregnancy promote ascending urinary tract infections,
which without proper treatment can lead to premature delivery and low birth
weight infants.
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Chapter 13
Imaging Considerations in Pregnancy

Diana Ladkany and Kerri Layman

Introduction

Women account for 50.8% of the population, and in 2011, 60/1000 women of child-
bearing age (15—44) were pregnant [1]. Pregnant women often present to the emer-
gency department (ED) for both pregnancy- and nonpregnancy-related medical
emergencies. ED management often involves the difficult decision of how to use
medical diagnostic imaging appropriately and safely without placing the mother
and the fetus at unnecessary risk. Multiple factors play a role in deciding how and
when to using imaging to aid in diagnosis; therefore, understanding the risks and
benefits of each imaging modality is essential. Imaging studies commonly used in
the ED include ultrasonography, X-ray, computed tomography (CT) scan, magnetic
resonance imaging (MRI), and nuclear medicine. Ultrasound is used most often for
assessing the fetus and has been found to be safe in all studies to date, but has its
limitations. The most controversial modes of imaging are those that use ionizing
radiation such as X-ray and CT. MRI is considered safe in pregnancy, but can be
time-consuming and is not readily available in all departments. The emergency phy-
sician must possess the appropriate body of knowledge to counsel their pregnant
patients on the best imaging modality for diagnosis of their condition. Importantly,
a necessary diagnostic test should not be withheld from a pregnant patient out of
concern for the possible risk to the fetus.
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Ultrasound

The most common method of imaging used during pregnancy is ultrasound.
Ultrasound is universally accepted as safe during pregnancy. Ultrasound uses high-
frequency sound waves to produce images. The sound waves emit heat, leading to a
theoretical risk of thermal damage when the acoustic output is too high. Higher
acoustic output is necessary when using Doppler imaging to determine blood flow;
thus, the use of Doppler should be limited during pregnancy. Despite the theoretical
risk, there have been no studies documenting adverse fetal effects from diagnostic
ultrasound, including the use of Doppler imaging [2].

The primary benefits of ultrasound are its portability and ability to provide real-
time bedside imaging. For this reason, along with its safety profile, ultrasound is the
primary imaging modality of choice for fetal imaging. Measurements including
fetus size and fetal heart rate are obtained quickly and safely. Ultrasound is not only
useful for evaluating the fetus but can be very helpful in diagnosing certain emer-
gent conditions in the mother as well such as appendicitis, cholecystitis, and ovarian
pathology.

Ultrasound has the benefit of evaluating structures functionally, anatomically,
and dynamically as the patient’s condition evolves. In addition to static imaging, the
ability to utilize Doppler imaging allows proper evaluation of blood flow in struc-
tures of concern. This is particularly pertinent when evaluating a patient with con-
cern for ovarian torsion. While ultrasound of the ovaries is the modality of choice in
the first and early second trimester, full visualization of the adnexa can become
challenging in the late second and third trimesters.

Despite its many advantages, ultrasound has significant limitations. These limita-
tions include maternal obesity, operator skill, and image quality [3]. When evaluat-
ing the abdomen of a gravid woman, the uterus and fetus may obstruct the ultrasound
images of the organ of interest, especially later in pregnancy. Furthermore, ultra-
sound is not ideal for hollow viscous imaging such as the intestines, pancreatic
imaging, bone, and neurologic imaging. Chapter 2 “Emergency Department
Ultrasound in Pregnancy” provides a detailed discussion on the use of point-of-care
ultrasound for the ED evaluation of the pregnant patient.

Ionizing Radiation Including X-Rays and CT

Ionizing radiation during pregnancy may expose the fetus; however, this has been
found to be limited. The estimated radiation dose a fetus receives is dependent on
the type of study being acquired, proximity of the uterus to the anatomic location of
the scan plane, patient size, X-ray technique, and whether or not protective mecha-
nisms are used such as lead covering of the abdomen and pelvis.

The clinical effect of radiation on a fetus depends on the age of gestation and the
amount of radiation. The most vulnerable period is 8—15 weeks of gestation [4].
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Above levels of 100200 mGy, there is a risk of teratogenesis and pregnancy loss;
however, medical diagnostic testing uses radiation doses far below this threshold. In
the very early stages of pregnancy (<4 weeks), the embryo is somewhat protected
from possible teratogenic exposure due to the totipotent or pluripotent nature of the
cells, which allows the abnormal cells to be replaced by nearby cells [5]. The effect
of teratogenic exposure before 4 weeks tends to be “all or none,” meaning the expo-
sure results in the death of the embryo or no consequence. Between 4 and 8 weeks,
the embryo is at a higher risk of congenital anomalies of the organs, skeleton, or
genitals [3]. Between weeks 8—15 when organogenesis occurs, exposure to radia-
tion levels of greater than 100 mGy may cause fetal demise, intellectual deficit, or
microcephaly (Table 13.1. Effects of gestational age).

Ionizing radiation has also been linked to an increased risk of malignancy. The
data used to make this link has been extrapolated from the cancer rates following
atomic bomb exposure in Hiroshima and Nagasaki, as well as the aftereffects of the
Chernobyl disaster. Cumulative exposure to 100 mGy of ionizing radiation is asso-
ciated with increased risk of developing malignancy; below this level, cancer cannot
be correlated with radiation exposure. Diagnostic medical tests involving ionizing
radiation utilize significantly less radiation than 100 mGy.

The American College of Obstetricians and Gynecologists (ACOG) supports the
use of medical diagnostic imaging when the radiation exposure is less than 50 mGy,
as fetal anomalies have not been reported below this level [2]. However, the use of
ionizing radiation studies should not be withheld in a pregnant patient regardless of
the radiation dose if there is an emergent clinical indication. Appropriate and timely
diagnosis and treatment of the emergency affecting the mother is the safest way to
protect the fetus.

Table 13.1 Effects of gestational age and radiation dose on radiation-induced teratogenesis

Estimated threshold
Gestational period Effects dose®
Before implantation (0-2 weeks Death of embryo or no 50-100 mGy
after conception) consequence (all or none)
Organogenesis (2-8 weeks after Congenital anomalies (skeleton, 200 mGy
conception) eyes, genitals)
Growth retardation 200-250 mGy
Fetal period
8-15 Weeks Severe mental retardation (high 60-310 mGy
risk)®
Intellectual deficit 25 1Q point loss per
gray
Microcephaly 200 mGy
16-25 Weeks Severe mental retardation (low 250-280 mGy
risk)

“Data based on results of animal studies, epidemiologic studies of survivors of the atomic bomb-
ings in Japan, and studies of groups exposed to radiation for medical reasons (e.g. radiation therapy
for carcinoma of the uterus)

"Because this is a period of rapid neuronal development and migration

PatelSJ,Reede DL, KatzD S, etal. Imaging the pregnant patient fornonobstetric conditions: Algorithms
and radiation dose considerations. RadioGraphics 2007;27:1705-1722. With permission
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X-ray is the most common form of ionizing radiation used during pregnancy. Most
X-rays are very low-dose examinations (<0.1 mGy) and therefore pose almost no risk
to the fetus. Very low-dose X-rays include the cervical spine, chest (two views), and
any extremity films. Low- to moderate-dose examinations (0-10 mGy) include
abdominal, thoracic, and lumbar spine X-rays (Table 13.2. Fetal radiation doses).

The highest doses of ionizing radiation are from CT scans. For example, a CT
angiography of the chest to rule out pulmonary embolism exposes the mother to
anywhere between 13 and 40 mGy of radiation with the average being about 15 mGy
depending on the radiology protocol and type of machinery [6]. The fetal exposure
is much less, between 0.01 and 0.66 mGy. A CT of the abdomen and pelvis during
pregnancy exposes a fetus to approximately 25 mGy. CT of the head, neck, and
extremities usually results in only negligible scatter radiation to the fetus [6].

Table 13.2 Fetal radiation doses associated with common radiological axaminations [6, 21, 22]

Fetal absorbed dose*

Type of examination (mGy)

Very low-dose examinations (<0.1 mGy)

e Cervical spine X-ray (AP and lateral) <0.001

* Any extremity X-ray <0.001

e Chest X-ray (two views) 0.0005-0.01

Low- to moderate-dose examinations (0—10 mGy)

Radiography

* Thoracic spine X-ray 0.003

* Abdominal X-ray 0.1-3

* Lumbar spine X-ray 1-10

* Intravenous pyelography 5-10

* Double-contrast barium enema 1-20

CT

* Head, neck, or extremity® 0-10

e Chest CT or CT pulmonary angiography 0.01-0.66

Nuclear medicine

* Low-dose perfusion scintigraphy 0.1-0.5

* V/Q scintigraphy 0.1-0.8

Higher-dose examinations (10-50 mGy)

e Abdominal CT 1.3-35

e Pelvic CT 10-50

e Abdomen and pelvis 13-25

» Aortic angiography of chest, abdomen, pelvis with or without 6.7-56
contrast agent

» Coronary artery angiography 0.1-3

* Nonenhanced CT of abdomen and pelvis to evaluate for 10-11
nephrolithiasis

CT computed tomography, V/Q ventilation/perfusion

“Fetal dose varies with gestational age, maternal body habitus, and exact acquisition parameters
"Most authors report fetal dose from the head, neck, or extremity CT close to zero (negligible
scatter)
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In the event that imaging with CT is necessary to diagnose an emergent medical
condition in a pregnant patient, the risks and benefits should be discussed while try-
ing to highlight the importance of diagnosis over radiation, since the fetal exposure
is quite limited [7]. It is considered appropriate to use CT scanning in pregnancy if
the risk of non-diagnosis or worsening of disease outweighs the risk of radiation
exposure. Despite its generally accepted safety, radiation doses should be kept As
Low As Reasonably Achievable, commonly known as the ALARA principle.

Iodinated intravenous (IV) contrast agents such as iohexol are frequently utilized
to enhance CT imaging, but do not go without risk. In all patients there is the pos-
sibility of mild adverse effects, such as flushing and pain at injection site, as well as
serious effects such as anaphylactoid reactions and acute kidney injury (due to cyto-
toxic effects of contrast on the tubules as well as renal vasoconstriction). In pregnant
women, IV iohexol crosses the placental barrier. Since it is excreted through the
urinary system, iohexol stays within the amniotic fluid, is not fully cleared, and can
be found in fetal tissue [8]. In one case report, iodinated contrast material was found
in the fetal intestines after birth but was cleared after infant stooling increased. No
harm to the infants was found [9]. Although no reports of fetal hypothyroidism and
teratogenic effects from IV iodinated contrast have been found, it is best to avoid
contrast when at all possible to follow the ALARA principle. If contrast is necessary
to make an accurate diagnosis, as is the case in pulmonary embolus and trauma
evaluation, it is reasonable to use. Iohexol and most iodinated contrast have been
categorized as Food and Drug Administration (FDA) pregnancy class B drugs. A
very small amount of iohexol (less than 1%) is excreted into breast milk, but there
is no need to for lactating women who receive IV contrast to interrupt breastfeeding
[8]. Oral contrast agents are not absorbed by the patient and do not cause harm in
pregnancy.

Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) uses a powerful magnetic field and radio waves
to produce an image based on the energy released from protons within the body
[10]. This form of imaging does not use any ionizing radiation, and therefore the
risks during pregnancy are minimal. The major theoretical risk of MRI during preg-
nancy is in the first trimester during which organogenesis is occurring. Experts pos-
tulate the possibility of acoustic damage to developing neural systems and the
possibility for tissue overheating, but these risks are purely theoretical and lack
practical evidence. There has been no evidence of harm with the use of MRI during
pregnancy. In addition to ultrasound, emergency clinicians should feel comfortable
using MRI as a first-line imaging choice, even in the first trimester of pregnancy.
MRI should be considered instead of CT imaging whenever the clinical scenario
allows [11]. A major limiting factor for using MRI in the emergency department is
that it takes much longer than CT to acquire images. Therefore in an unstable
patient, CT may be preferred over MRI to make a timely diagnosis.
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Gadolinium-based contrast is often used to enhance MRI images. However, gad-
olinium is a class C pregnancy drug due to its potential toxic effects. The chelated
form of gadolinium is not harmful; however, the free form is highly toxic [12].
Gadolinium crosses the placenta and is not cleared effectively from fetal circulation,
which can result in possible carcinogenesis and growth retardation, as seen in ani-
mal studies [4]. No prospective studies have been conducted in pregnant women,
due to the demonstrated toxic animal studies. Given the risk, gadolinium should be
avoided in pregnant patients. Lactating women who receive gadolinium do not have
to interrupt breastfeeding.

Nuclear Medicine and Fluoroscopy

Nuclear medicine studies use radioisotopes to “tag” a chemical agent and produce
an image showing the physiologic function or dysfunction of an organ. Nuclear
medicine studies are employed frequently in the ED to evaluate for coronary artery
disease (nuclear stress test) and pulmonary emboli (ventilation/perfusion or V/Q
lung scanning). Technetium 99 m is the isotope commonly used in these scans and
is considered safe in pregnancy. However, radioactive iodine (iodine 131), an iso-
tope often used in thyroid imaging, readily crosses the placenta and should be
avoided in pregnant patients as there is a theoretical risk to the developing thyroid
gland and may cause fetal hypothyroidism. Nuclear scans do expose the mother and
fetus to some ionizing radiation, generally less than 5 mGy in the case of V/Q scans
[2]. Additionally, radionuclide compounds are excreted in breast milk.

Finally, interventional radiology is often utilized to help with procedures that
may be technically challenging or high risk such as lumbar puncture, central line or
medi-port placements, biopsies, and embolization of bleeding vessels. Many of
these procedures employ ionizing radiation (fluoroscopy), but some can be done
under ultrasound. When possible, it is best to avoid fluoroscopy since it requires
multiple X-rays in succession.

Common Diagnostic Scenarios and Suggested Imaging
Strategies

Trauma

Trauma is the leading cause of maternal death from non-obstetric causes during
pregnancy, and one in every 12 pregnancies is affected by some form of trauma
[14]. Ultrasound is often utilized in the emergency department evaluation of
trauma. A focused assessment with sonography for trauma (FAST) exam can be
done to evaluate for free fluid within the abdomen. Although some small amount
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of free pelvic fluid can be expected in pregnancy, it is likely going to be very
minimal and is usually associated with ovarian hyperstimulation or ovarian cysts.
In a trauma setting, greater than 2 mm of free fluid in the pelvis is unlikely to be
physiologic [13].

Another valuable use of ultrasound in the trauma evaluation is to quickly evalu-
ate the fetus. This can provide information on gestational age of the fetus and its
viability (generally >23 weeks), fetal heartbeat, and some general information about
the placenta such as the location. Ultrasound is insensitive to diagnose placental
abruption [14].

In cases of significant trauma, physicians should not hesitate to utilize CT despite
the radiation dose to the fetus. Evaluating the possible injuries in trauma quickly is
essential; therefore, using MRI is usually not preferred.

Pulmonary Embolism

The optimal imaging approach to diagnose pulmonary embolism (PE) in pregnancy
has been extensively debated. Ventilation/perfusion (V/Q) scan exposes the fetus to
0.1-0.8 mGy of radiation; CT angiography scan of the chest exposes the fetus to
0.01-0.66 mGy of radiation. The exact exposure depends on the gestational age of
the fetus with the third trimester having the highest exposure levels to the fetus [15].
Both imaging modalities confer radiation doses well below the threshold associated
with fetal harm. However, risks to the mother must also be considered, and CT
angiography confers higher maternal radiation exposure compared to V/Q scan,
particularly to breast tissue. CT has the benefit of identifying alternate pathology;
V/Q scans are occasionally indeterminate necessitating additional imaging studies.
It is the author’s opinion that both CT angiography and V/Q scans are equally justi-
fiable for the pregnant patient. The authors prefer CT angiography.

Appendicitis

Appendicitis affects approximately one in every 1500 pregnancies and is more com-
mon in the second trimester [16]. A sequential imaging approach may be necessary
to diagnose acute appendicitis, beginning with ultrasound. However, due to the size
of the gravid uterus, the utility of ultrasound may be limited, particularly in the late
stage of pregnancy. The nonvisualization rates of ultrasound can be as high as 90%
and are dependent on maternal factors, term of pregnancy, and operator skill [3]. If
ultrasound is nondiagnostic, MRI is the imaging modality of choice to evaluate the
appendix [12]. If MRI is unavailable, CT scan may be performed in consultation
with an obstetrician and the patient as abdominal/pelvic CT is a higher-dose exami-
nation (10-50 mGy fetal dose).
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Kidney Stone

Nephrolithiasis can affect one in every 200-2500 pregnancies. In the case of renal
colic, ultrasound is diagnostic 60% of the time, but if it is inconclusive, MR urogra-
phy may be considered [12]. If MR urography is unavailable, non-contrast CT may
be necessary, again in consultation with the patient and their obstetrician.

Gallbladder Disease

Diagnosing hepatobiliary pathology is also a challenge during pregnancy. Due to
higher progesterone levels in pregnancy, which slows gallbladder emptying, 1-3%
of pregnant women will have biliary stones, and up to 30% will have biliary sludge
seen on ultrasound. Fortunately, acute cholecystitis affects less than 1% of pregnant
women [16]. The best method of diagnosing acute cholecystitis is ultrasound; how-
ever, MRI or CT may be necessary in the later stages of pregnancy. In some cases,
if cholecystitis has been diagnosed, percutaneous cholecystostomy tube placement
by interventional radiology may be used until cholecystectomy can be more safely
done after delivery of the fetus [17].

Stroke and Intracranial Hemorrhage

MRI is the superior imaging modality when evaluating the neurologic system. Due
to the thromboembolic state of pregnancy, pregnant women are at higher risk for
cerebral vascular accidents. Approximately 11-26 out of 100,000 pregnant or
immediately postpartum women will have a stroke [18]. Non-contrast head CT scan
is appropriate in pregnant women to evaluate for intracerebral hemorrhage. MRI is
the preferred method of imaging to evaluate for ischemic stroke [19]. Since gado-
linium should be avoided in pregnancy, CT with iodinated contrast can be used if
necessary to fully image cerebral vasculature, which may help guide therapy [20].

Summary

The emergency physician will often be faced with deciding which mode of imaging
is appropriate and necessary for a pregnant patient. Many factors affect this decision
including the stage of pregnancy, the urgency of the diagnosis, and what specifically
is being evaluated. Ultrasound and MRI are the safest imaging modalities to evalu-
ate the mother and the fetus and are not associated with risk to the pregnancy; how-
ever, gadolinium contrast should be avoided. In many cases ionizing radiation such
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as CT is necessary to make an accurate and timely diagnosis, especially in the acute
setting of trauma. Necessary diagnostic tests should not be withheld from a preg-
nant patient out of concern for possible risk to the fetus.

Key Points

Ultrasound is the preferred initial mode of imaging for most diagnoses when
feasible and appropriate, especially in fetal and pelvic imaging.

CT imaging with I'V iodinated contrast is safe and should be used first in certain
situations, most notably in trauma.

MRI is preferred over CT for most diagnostic purposes during pregnancy; how-
ever, IV gadolinium contrast should be avoided.

Ionizing radiation poses a risk of teratogenicity at >100 mGy of radiation, and
radiation exposure should be limited during pregnancy. However, medical imag-
ing uses lower doses of radiation, and therefore fetal exposure is usually signifi-
cantly lower than this threshold and should be used when necessary.

In an emergency, the emergency physician should use any imaging necessary to
make an accurate and timely diagnosis to ensure the best outcome for both the
mother and the fetus.
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