



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Fig. 35-12. Incarcerated uterus. The fundus (arrows) is trapped because the urethra(above crosshairs on cervix) was compressed
between the sacrum and the symphysis pubis (at the apex of this between the symphysis and cervix.
sector scan). This patient presented with acute urinary retention

Fig. 35-13. Biparietal diameter. The measurement across the (arrows) is a reliable measure of gestational age from 11 weeks
widest part of the fetal head in this axial (transverse) scan upward.
Fig. 35-14. Femur length. The measurement of the calcified part measurement of gestational age.

of the femur from metaphysis to lesser trochanter is also areliable
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Fig. 35-15. Placenta previa (vaginal scan). The placenta (p ) cov-
ers the internal os (arrow). Endocervical canal is indicated by

the os itself, this is termed a /ow-lying placenta. Although
it is not a placenta previa, some bleeding may occur since
the lower edge is not well attached.

Placental Abruption

If the patient has had a scan by a reliable source and is
known to not have a placenta previa, it is not neces-
sary to obtain a scan to exclude abruption. Abruption is a
clinical diagnosis made when a patient known to not have
a previa has pain, tenderness, bleeding, and uterine con-
tractions. Ultrasound is not a sensitive test for abrup-
tion. These patients need continuous fetal monitoring and
should not be sent to be scanned unless the value of the
clinical information provided outweighs the risk of send-
ing the patient away from a monitored bed. An abruption
may appearas acollection of fluid behind the placenta orat
its edge, but usually the scan is entirely normal. Occasion-
ally a patient will have unusual pain or contractions, the
source of which cannot be identified, and she will be found
to have an abruption on ultrasound. In cases in which the
clinical picture is not diagnostic, ultrasound may be of
value.

Vasa Previa

Vasa previa describes the condition in which fetal cord
vessels cross the internal os of the cervix. The vessels lead
from one lobe of the placenta to the other or from the cord,
which inserts into the membranes (velamentous insertion)
to the placenta (Fig. 35-16). If these vessels cross the

arrowheads.

internal os, vasa previa occurs. When ruptured, those ves-
sels may tear, allowing the fetus to quickly exsanguinate.
Vasa previa is sometimes, but not always, detectable by
ultrasound. Its detection depends upon the identification
of vessels crossing the internal os (something which gen-
erally requires color flow doppler ultrasound). Conditions
which can produce vasa previa are either an extra lobe of
the placenta (succenturiate) or a velamentous insertion of
the cord. "

Placenta Accreta

Occasionally the normal separation of the placenta and
uterine wall by decidua is not present and the trophoblast
of the placenta actually grows into the myometrium (pla-
centa accreta) (Fig. 35-17) and even through it (placenta
percreta) and occasionally into the bladder (Fig. 35-18).
Atdelivery, the uterus cannot contract; continuous uncon-
trollable bleeding results, usually necessitating cesarean
hysterectomy. Although the latter may be unavoidable, it
is sometimes possible, if the condition is identified be-
forehand, to plan for appropriate blood replacement and
cardiovascular support.

There are some clues on ultrasound that may strongly
suggest placenta accreta.!> In a patient with a previous
cesarean section, the normal clear space between the pla-
centa and uterine wall should be evaluated on any second-
or third-trimester scan. If this is absent, there may be apla-
centa accreta. Numerous clear spaces in the placenta and
increased blood flow also suggest it. The loss of bladder
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wall definition suggests thatthe placenta may have grown
through the bladder wall.

Abdominal Pregnancy

Occasionally a pregnancy develops outside the uterus.
Its placenta implants on the bowel, abdominal wall, or
mesentery. Clues are a relative lack of amniotic fluid, un-
usual lie (e.g., persistent transverse), and no uterine wall
seen under the surface of the placenta.'® These pregnan-
cies can reach term.

91718725
89:44:84

Fig.35-16. Vasaprevia. A vessel (arrow) traverses the
area of the internal os (cervical canal—arrowheads)
from placenta to a succenturiate lobe. Rupture of this
vessel could result in rapid fetal loss.

Fibroids

Fibroids are benign overgrowths of uterine muscle that
can be located in the submucosal or subserosal areas or
in the wall of the uterus (intramural) (Fig. 35-19), or they
may be on a pedicle either within the cavity or outside of
the uterus. Not all fibroids increase in size in pregnancy.
If they do, however, they are susceptible to infarction due
to an insufficient blood supply. This causes exquisite site
tenderness and considerable pain. The most frequent time
for infarction is between 16 to 20 weeks. A good question
to pose when ordering a scan in cases of abdominal pain

Fig. 35-17. Placenta accreta. The internal os (arrowhead)
is covered by placenta (p). It contains many more lakes
(clear spaces) than usual. The normal clear space (arrows)
between the placenta and uterus does not extend upward.
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Fig. 35-18. Placenta percreta. The normal
smooth white line of the bladder wall (arrow-
head) is interrupted (arrows) by placenta (p),
which has grown through it.

is whether or not the painful or tender area appears to be
at the site of a fibroid.

The Ovary in Pregnancy

As the uterus enlarges, the ovaries, which are not closely
attached to the pelvic side wall, but ratherare tethered by
ligaments, rise into the abdomen like sandbags attached
to a hot-air balloon. This is one of the reasons the entire
abdomen should be scanned in pregnancy; the appendix
and ovaries can be located at a very high point. All of the
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ovarian conditions described later in the chapter can be
found in pregnancy, but functional cysts are particularly
common.

Fetal Size and Weight

Fetal weight can be determined by measuring the size
of the head, femur, and abdomen (Fig. 35-20) and using
one of several formulas to determine weight.!” Actual fe-
tal length cannot be determined. The accuracy of these
estimates depends upon several factors, primary among

Fig. 35-19. Uterine fibroid. These usually have a whorled appearance but can occasionally mimic cysts.
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Fig. 35-20. Abdominal circumference. This measurement is
traced around the skin of the fetal abdomen scanned transversely

which is the accuracy of the measurements of the femur,
abdomen, and head. There are many instances in which
these cannot be obtained. The abdominal measurement
is particularly difficult to obtain when the fetus is lying
against theabdominal wall, is large, or there is little fluid.
The estimates are more accurate in the lower weight cate-
gories and become less accurate, particularly in the 4000-g
range and above.

All fetuses have similar growth patterns in early preg-
nancy. It is only later that they express their genetic vari-
ability (family, racial), influence of environment (social,
economic status, and smoking), and influence of medical
factors such as glucose intolerance and hypertension. As
mentioned previously, CRL is used to express the size
of a fetus until 11 weeks. Crown-rump length is quite
accurate and can establish dates to within £4 days. At
11 weeks and beyond, the usual measurements of head,
femur, and abdomen are used. From that point up to about
20 weeks, fetal size predicts gestational age +1 week.
Later, as fetal size variability increases, measurements
are less accurate in predicting gestational age than before
20 weeks.

Amniotic Fluid

In the second trimester, amniotic fluid is essentially fetal
urine. It can be decreased for no obvious cause, because
of rupture of membranes, obstruction of the fetal uri-
nary tract, or due to decreased fetal glomerular filtration.
Causes of complete absence are rupture, failed fetal kid-

TRACE

at a certain level. It reflects gestational age, liver size, and sub-
cutaneous fat.

neys (dysplasia), urinary obstruction, or more frequently,
absence of fetal kidneys. The latter is incompatible with
life but is a difficult diagnosis best left to experienced
individuals. Rupture of membranes is a known compli-
cation of genetic amniocentesis, fortunately with usual
re-accumulation of fluid and a good outcome. It is also
related to chorioamnionitis.

Multiple Gestations

Ultrasound is very important in identif ying multiple preg-
nancies and following growth, because in these instances
the tape measure fails us and does not reflect what is oc-
curring in the uterus. Twins normally follow along sin-
gleton growth curves. In the older literature, there was
frequent mention of growth discordance or a size differ-
ence between twins. This has given way to an evaluation of
each twin’s growth potential and growth between exams
(Fig. 35-21). In fraternal (dichorionic) twins, particularly
of different sexes, there may be significant size differences
at each point, but neither should drop below the tenth per-
centile in weight at any time. Besides evaluation of the
growth of twins, it is imperative to establish amnionicity
as early as possible. At the first exam, amnionicity should
be established withouta doubt and the presence or absence
of a dividing membrane should be documented (Fig. 35-
22). If no dividing membrane is seen on an exam by an
experienced operator and there is no greatdisparity of size,
the twins are probably monoamniotic and the pregnancy
will need special care.
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Fig. 35-21. Growth restriction of one twin. Transverse scans
through both abdomens show that twin B is markedly smaller

Sometimes the placentas appear to be one but are
actually just fused. Placental tissue between these pla-
centas will indicate that they are actually dichorionic
(Fig. 35-22).

It twins are facing each other and are in the same pre-
sentation (e.g., vertex-vertex), it is important to make sure
they are completely separated. Conjoined twins are an ob-
stetric as well as a pediatric problem (Fig. 35-23).

Fig. 35-22. Twins—dividing membrane (ar-
row). This should be documented early, since
management will be changed if it is not present.
In monochorionic (identical) twins, it will con-
tain two layers; in dichorionic twins, four lay-
ers. A placental peak (arrowhead) reliably es-
tablishes dichorionicity in this pregnancy.

than twin A (which has grown at a normal rate).

Fetal Cardiac Arrhythmias

Both auscultation with a stethoscope and Doppler devices
detect the fetal ventricular cardiac rate which should be
between 120 to 180 bpm. Does a heart rate of 80 beats
per minute mean that the fetus 24 weeks or more is in dis-
tress? Not necessarily. If a slow heart rate is heard with a
Doppler device, stethoscope auscultation will often detect
the true fetal rate and show that the slow rate detected with
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Fig. 35-23. Conjoined twins. The spines of these con joined twins
areechogenic (white). They are facing each other and joined by

Doppler was that of the mother’s aorta. The reason for this
is that anything in the path of the ultrasound beam will
be reflected back tothe transducer, including the maternal
aorta.

If a normal rate cannot be detected, real-time ultrasound
should be used to find the fetal heart. If the fetal heart is
truly beating at 80 beats per minute, there may be normal
slowing and speeding up of the fetal heart when the mother
is in the recumbent position (only before 30 weeks). Turn-
ing the mother on her side or supporting the transducer’s
weight with the operator’s hand will usually result in a
rapid return to normal sinus rhythm. An alternative pos-
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Fig. 35-24. A B-mode image of the fetal heart is at the top. The
dotted line through it defines the line along which the M-mode
(bottom)image will be produced. The M-mocle shows rapid mo-
tion (302 beats per minute) of the atrial wall (one cycle is between

a common abdomen and thorax (AT).

sibility is that there is fetal heart block due to antibodies
to the fetal conducting system, as found in lupus, or to
disruption of the conduction system by severe structural
anomalies. Heart block can be distinguished by M-mode
scanning; the atrial rate will be normal but the ventricular
rate will be disparate and invariably slower (Fig. 35-24).
Fetal bradycardia is usually constant or disappears and
returns with the next contraction. Arate of over 200 beats
per minute may reflect supraventricular tachycardia, in
which the atrium is beating at that rate; the ventricular
rate may be the sameor, if the heart has trouble conduct-
ing from the atrium to the ventricle at this fastrate, some

the cursors) and a ventricular rate of 150 beats per minute. This
is supraventricular tachycardia with a 2:1 block. It may be aus-
cultated as an irregular heartbeat as the degree of block changes.
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beats may be dropped and a slow or irregular ventricle
rate will be heard.

ULTRASONOGRAPHY OF GYNECOLOGIC
DISORDERS

An emergency setting in gynecology almost always in-
volves pain or profuse bleeding. Before working up a
patient for the usual causes of pelvic pain, it must be re-
membered that a woman of reproductive age is considered
pregnant until proven otherwise (despite a history of regu-
lar menses, tubal ligation, or even of “no intercourse ever,
at all”). There are many causes of pelvic pain in the preg-
nant woman, the most threatening of which is an ectopic
pregnancy (Table 35-3). As in the pregnant patient, in the
nonpregnant woman the differential diagnosis revolves
around all the organs of the pelvis—not just the uterus
and ovaries, but also the bowel and urinary system.

Ultrasound is not a substitute for a pelvic exam. A thor-
ough history and physical exam, including a pelvic exam,
will help interpret the results of the pelvic ultrasound. Has
the patient had a history of endometriosis? Renal stones?
Has the patient ever menstruated at all? Has she ever had
an ultrasound exam of the pelvis, and if so what did it
show?

Ultrasound of a pelvic mass may be nonspecific unless
the mass has very unique ultrasound characteristics. Be-
nign masses have thin exterior walls, no septae or thin,
smooth septae and little if any solid material within them.
Doppler of supplying arteries occasionally can aid in the
differentiation of benign and malignant masses, but is by
no means foolproof. It is based upon the fact that there
is little resistance to flow in tumor vessels because they
contain no smooth muscles in their walls.

There are some artifacts and pitfalls in pelvic ultra-
sound that can lead to the discovery of a normal pelvis
at laparotomy or laparoscopy. The usual problem is that
bowel can simulate or hide a mass. In addition, in some
institutions, only a pelvic scan is performed when ultra-
sound of the pelvis is ordered. With a proper history and

Table 35-3. Pelvic Pain in Early Pregnancy

Failing IUP (contractions)

Ectopic pregnancy

Ovarian cyst—torsion, rupture, pressure
Incarceration of the uterus

Stretching of the round ligament
Ureteral stones

Appendicitis

physical, it may be appropriate to extend that exam to the
appendix, kidneys, and even the gallbladder.

The pelvic scan is not complete unless the uterus,
ovaries, and cul-de-sac are visualized. This is usually ac-
complished first by abdominal scan with a partially filled
bladder and then, when necessary, by a transvaginal scan
after the bladder is emptied. As in all imaging, “the most
commonly missed abnormality is the second”; an ovar-
ian mass or enlarged uterus may not be the reason for the
patient’s pain.

Intrauterine Devices

There are occasions when an ultrasound examination is
necessary to find an intrauterine device (IUD). Usually
this occurs when the string is not visible. Because IUDs
arereflective, they can usually be located with ultrasound
(Fig. 35-25), unless they are outside the uterus. Whether
or not they are entirely in the uterine cavity or partially
embedded in the uterine wall can often be determined by
ultrasound. If they are not visible in the uterus, a plain
film of the pelvis will reveal whether or not the IUD is in
the body at all or has been expelled.

Functional Cysts

The term functional cysts refers to enlarged follicles or
corpora luteia. The ultrasound appearance is usually that
of a cyst completely filled with clear or nonechoic fluid
(Fig. 35-26). However, bleeding into this cyst may pro-
duce some solid material, which can then mimic cysts of
different origin. These cysts have smooth, thin walls if
any internal septations are present. Pain occurs when they
are very large, have internal bleeding, have ruptured, or
have caused torsion of the ovary. Considerable bleeding
can occur upon rupture.

Ovarian Remnant

Occasionally, when an ovary is removed, a microscopic
part of it is left behind, particularly if there were intraab-
dominal adhesions. This tiny piece of ovary, often invis-
ible to the human eye, can produce functional cysts and
resulting pain (Fig. 35-27). These can produce a confus-
ing clinical picture in the patient who claims to have had
an oophorectomy.

Mucinous Cystadenomas

These benign masses are the largest of the ovarian neo-
plasms. They can grow so large that they occupy most
of the abdomen, making the patient look pregnant. They
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are filled with a mucinous material that produces an ul-
trasound picture of many small white dots (Fig. 35-28).
They have little if any solid material within.

Serous Cystadenomas

These contain serous fluid and are generally notas large as
mucinous cystadenomas. The more septations they have,
the thicker the wall and the more solid material they con-
tain, the more likely it is that they are malignant (serous
cystadenocarcinoma).

x DISTANCE
+ DISTANCE
EXIT

61.5mm
58.3mm

Fig. 35-25. Intrauterine device. A copper 7I1UD
(arrows) lies below an intrauterine pregnancy
(the cervix lies to the right).

Endometriomas

These ovarian masses are lined with endometrium-like
tissue (uterine gland tissue) and contain old blood, hence
the name chocolate cysts. They are found in patients
with a history of endometriosis. Their ultrasound ap-
pearance is quite variable, but normally they appear al-
most semisolid with considerable echoic material within
them (Fig. 35-29). Although endometrial tissue can be
implanted on any of the surfaces of the pelvis, usu-
ally only those contained in the ovary are visible on
ultrasound.

Fig. 35-26. Functional cysts. Two follicular
cysts are shown here. Note the lack of inter-
nal material or septations.
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Fig. 35-27. Ovarian remnant. A functional cyst
has formed in a microscopic ovarian remnant left
behind after removal of an ovary.

Dermoids

Other than functional cysts, these are the most com-
mon ovarian masses in the younger woman. They con-
tain elements of fat, cartilage, teeth, and hair, which give
a very characteristic appearance: hair and fat provide
a strong acoustic interface that strongly reflects sound
(Fig. 35-30). Fat may layer out on surrounding fluid. Cal-
cified areas produce a sound shadow behind them by re-
flecting sound completely. Dermoids may be the cause of
ovarian torsion in younger women, a condition that pro-

Fig. 35-28. Mucinous cystadenoma. This large
mass (black arrow) contains faintly echogenic
material and “daughter cysts” (white arrow).

duces severe pain and occasionally an acute abdomen. If
present, the contained teeth can be seen on a plain film
of the pelvis. Occasionally these tumors are a part of a
complex ovarian mass.

Torsion of an Ovary

The ovary is a rather loosely tethered structure. The most
striking example of this mobility is its frequent location in
pregnancy above the uterus. When an ovary enlarges (due
to dermoid, corpus luteum, or any of the previous dis-
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cussed ovarian masses), its weight may cause its pedicle
to turn and torse. Acute pain is the result. The adnexa on
the affected side are tender and there are usually signs of
peritoneal irritation. Occasionally there is free peritoneal
fluid. Like abruption in pregnancy, this is a diagnosis best
made clinically since the ultrasound findings are usually
not specific. A very experienced examiner may be able
to show impeded or no arterial and venous flow along
the ovarian and/or infundibulopelvic ligaments. However
presence of normal flow does not rule out the diagnosis
ofadnexal torsion. Most importantly, the same symptoms
can be produced by an ectopic pregnancy or fibroid in

i
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Fig. 35-29. Endometrioma. The content (old
blood) is quite echogenic, giving a “salt and pep-
per” appearance. Thereis a small amount of solid
material (arrow).

pregnancy, and therefore it is important to remember the
maxim that any woman of reproductive age is pregnant
until proven otherwise.

Uterine Anomalies

Rarely, there can be a blind horn of a uterus that acts like
an endometrioma. The patient experiences severe pain
during menses and can present with a tender pelvic mass.
A careful ultrasound examination will show that the mass
is separate from the ovary on thatside. Alternatively, there
may be a high vaginal septum that impedes the exit of

Fig. 35-30. Dermoid. A mass of fat and hair
produce heterogeneously echogenic areasin this
dermoid (arrows).

HOME
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Fig. 35-31. Appendicitis. A. The length of the
appendix is bracketed by arrows. Note the lin-
ear echo within the appendix. B. The appendix
wall (arrows) is thickened and the interior con-
tains an echogenic ring. This appearance can be
mimicked by an inflamed fallopian tube.
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menstrual flow or normal mucus, causing the uterus to
become larger and larger. Again, physical examination
and history arekey, since an ultrasound examination may
be confusing.

Fibroids may be single or multipleand are usually eas-
ily identified by ultrasound (see Fig. 35-19).

Nongynecologic Causes of Pelvic Pain

Conditions such as appendicitis, diverticulitis, a pelvic
kidney, or a ureterovesical stone may cause acute pelvic
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pain, simulating pain from a gynecologic source. Again,
careful bimanual and abdominal examinations will usu-
ally point to the correct diagnosis. If the bimanual exami-
nation is unrevealing, a pelvic ultrasound may be of help.
Its first use is to show a normal uterus and ovaries and
no free intraperitoneal fluid. After looking at the uterus
and ovaries, it is useful to determine if there is unilateral
hydronephrosis. If the pain is in the midline or to the right
of midline, an attempt should be made to visualize the
appendix. When the appendix is inflamed and swollen, its
wall is thickened and echoic areas may be seen within it
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(airora fecalith) (Fig. 35-31 A and B). Diverticulitis may
produce a mass as well, but again, it will be separate from
the ovaries. It is important to inspect a pelvic ultrasound
report for identification of the ovaries and to ask whether
a described mass could be definitely seen to be separate
from the ovaries.
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Gynecologic Infections:
Urinary Tract Infections and
Toxic Shock Syndromes

Brian Tiffany

KEY POINTS

+ Given that resistance to
trimethoprim-sulfamethoxazole (TMP-SMX) in
E. coliisolates is in excess of 20 percent in
some studies,'? a fluoroquinolone should be
the first choice for empiric therapy for all
nonpregnant adult women with urinary tract
infections (UTIs). In areas where local
resistance rates are <10 percent, TMP-SMX
is a less costly choice.

Pyelonephritis is diagnosed by findings
consistent with cystitis, with the addition of
fever, chills, and either flank pain or
costovertebral angle tenderness, often
associated with nausea and vomiting. In
patients with this diagnosis, a urine culture
should be routinely done, but blood cultures
are unnecessary.

Between 2 and 10 percent of pregnancies are
complicated by UTIs; left untreated more than
1/, of these women will develop pyelonephritis
with associated morbidities.

The characteristic rash of staphylococcal toxic
shock syndrome (TSS) is a blanching,
nonpruritic, macular eruption that has a
sunburn-like appearance, a key feature of the
disease, and its best diagnostic clue.

Streptococcal TSS patients frequently present
with localized pain out of proportion

to examination findings, with a localized area
of soft-tissue infection (80 percent) or febrile
flu-like illness (20 percent), and are likely to
be normotensive at presentation (50 percent).

However, most will drop their blood pressure
significantly over 4 to 8 hours of observation
and require emergent surgical exploration.

INTRODUCTION

This chapter focuses on two main types of infections that
affect females: the spectrum of severity of urinary tract
infections and toxic shock syndromes. Both of these can
occur during pregnancy, but the focushere is on nonpreg-
nant women with these illnesses.

URINARY TRACT INFECTIONS
Epidemiology

Infections of the urinary tract (UTIs) are a ma jor cause of
morbidity and health care expenditures. Sexually active
young women are disproportionately affected, but these
infections may occur in men and women of all ages.

Because UTIs are socommon and many go untreated, it
is somewhat difficult to estimate the number of infections
that occur annually. Self-reporting surveys have found
between 40 and 60 percent of all women experience at
least one UTI during their lives.!? Office practice sur-
veys and review of hospital admissions suggest that there
are approximately 7 million episodes of acute cystitis and
250,000 cases of pyelonephritis each year in the U.S.3*
A random-digit dialing survey of women greater than
18 years of age found a 10.8 percent annual incidence
of physician-diagnosed UTI, leading to an estimate of
11.3 million cases per year.> A survey of sexually ac-
tive college age women in Seattle found an incidence
of 0.7 episodes per person-year, while a similar study in
an HMO population found an incidence of 0.5 episodes
per person-year.> Given that some 50,000,000 women re-
ported being sexually active,® these incidence numbers
would suggest that many more millions of cases occur
each year than the office- and hospital-based surveys
demonstrate.

Morbidity from UTI is considerable. Foxman and
Frerichs found that the average UTI episode in a woman
was associated with 6.1 days of symptoms, 1.2 lost work
days, and 0.4 bed days.” The total cost of outpatient eval-
uation and treatment has been estimated at between 1 and
2 billion dollars per year in the United States.28
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Table 36-1. The Spectrum of Acute UTI in Non--Pregnant Women

Diagnosis Clincical Manifestations

Diagnostic Test Therapy

Dysuria, frequency,
hematuria, urgency, in
patient without
comorbidities or an
indwelling catheter

Uncomplicated
cystitis

Uncomplicated
pyelonephritis

Cystitis, with the
addition of fever,
chills, and either flank
pain or costovertebral
angle tenderness,
often associated with
nausea and vomiting

Complicated UTI Host factors such as
functional, structural,
or metabolic
abnormalities of the
urinary tract, or a UTI
caused by resistant
organisms

Empiric vs. urinalysis Ciprofloxacin 250 mg
PO every 12 hours for
3 days

or

Levofloxacin 250 mg PO

daily for 3 days

Urinalysis, urine
culture/sensitivities

Ciprofloxacin 400/500 mg
IV/PO every 12 hours
for 10-14 days

or

Levofloxacin 250 mg
IV/PO daily for 10-14
days

Urinalysis, urine
culture/sensitivities

Ceftriaxone 1-2 g IV
every 12-24 hours

or

Ampicillin 1 g IV every
4-6 hours and
gentamicin 5 mg/kg IV
every 24 hours

or

Imipenem 500 mg IV
every 6 hours

or

Levofloxacin 500 mg
IV/PO daily for 10-14
days

or

Ciprofloxacin 400/500 mg
IV/PO every 12 hours
for 10-14 days

Classification

The most important classification distinction to be
made is between complicated and uncomplicated UTL
Complicated infections are those that occur in a patient
who has a functionally, metabolically, or anatomically ab-
normal urinary tract, or are caused by pathogens that have
unusual resistance patterns. Using this distinction, UTI in
adult women can be broadly classified as uncomplicated
cystitis, recurrent cystitis, uncomplicated pyelonephri-
tis, complicated UTI, and asymptomatic bacteriuria in
pregnancy. While this classification has some artificial

divisions of what is a continuous spectrum of disease, the
microbiology and pathophysiology of these infections are
sufficiently different to make these distinctions clinically
useful in makingdiagnosticand therapeutic choicesinthe
emergency department setting (Table 36-1).

Acute Uncomplicated Cystitis

The overwhelming majority of urinary tract infections fall
into the category of uncomplicated cystitis. In the popu-
lation of young women presenting with the classic symp-
toms of dysuria, frequency, urgency, and/or hematuria, the
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incidence of structural abnormalities is less than | percent,
so a work-up for such problems is unwarranted.’

A remarkably narrow spectrum of pathogens with pre-
dictable antimicrobial susceptibility profiles cause cysti-
tis in young women. Escherichia coli is by far the most
common organism isolated, comprising 70 to 95 percent
of all cases. Staphylococcus saprophyticus accounts for
5 to 20 percent, and Proteus spp., Klebsiella spp., and
enterococci each make up 1 to 2 percent of cases.!°

Diagnosis

The classic criteria for diagnosing UTI, a quantitative
urine culture with greater than 100,000 colony-forming
units (CFU) per milliliter of urine, has been shown to
miss symptomatic UTI in as many as '/; of women.!!:"?
Given this factand the predictable spectrum of pathogens,
routine urine culture is no longer advocatedforuncompli-
cated cystitis. Confirmation of clinically suspected cases
is accomplished by confirming pyuria, either by means of
a traditional urinalysis and/or a dipstick test for leukocyte
esterase, or by confirming bacteriuria with a dipstick test
for nitrite.

Leukocyte esterase has a reported sensitivity of 75 to
90percentindetecting pyuria associated with a UTI. Most
coliform bacteria reduce nitrate to nitrite, and therefore
produce a positive dipstick test for nitrite. However, the
enterococci, S. saprophyticus, and Acinetobacter spp. do
not and will therefore yield false negative results.

Management

Because of increasing resistance to trimethoprim-
sulfamethoxazole (TMP-SMX) in E. coli isolates, in ex-
cess of 20 percent in some studies,” this longtime main-
stay of therapy is no longer recommended as a first-line
agent for empiric use. If significant resistance is present
in local E. coli isolates, then a fluoroquinolone should be
the first choice forempiric therapy in nonpregnant women.
Where local resistance rates are <10 percent, TMP-SMX
remains a less costly choice.

Nitrofurantoin, in general, provides a lower eradication
rate than TMP-SMX in head-to-head trials. Because of
limited literature on 3-day regimens, nitrofurantoin treat-
ment for uncomplicated cystitis should be for 7 days. Its
most important role is in the treatment of asymptomatic
bacteriuria and cystitis during pregnancy. The S-lactam
antibiotics consistently result in lower eradication and
higher recurrence rates in head-to-head studies against
fluoroquinolones and TMP-SMX.

Multiple studies have shown that 3 days of treatment
with TMP-SMX is equivalent to 7 or 10 days of such treat-
ment, with the trade-off of increased rates of recurrence
with the 3-day regimen and a higher rate of adverse effects
with the 7- and 10-day courses of therapy.'* Few head-
to-head comparisons of TMP-SMX and fluoroquinolones
have been done at the same duration of therapy; those that
exist show similar eradication rates at 3 days and similar
recurrence rates.

Single-dose treatment is attractive because of im-
proved compliance and a lower likelihood of selecting
resistant strains. Unfortunately, single-dose therapy with
TMP-SMX is associated with lower bacterial eradica-
tion rates and a higher incidence of recurrent infections.
Single-dose regimens with the fluoroquinolones appear to
be more promising, but an insufficient body of evidence
exists to recommend this treatment strategy.

Acute Uncomplicated Pyelonephritis

Pyelonephritis is diagnosed by findings consistent with
cystitis, with the addition of fever, chills, and either flank
pain or costovertebral angle tenderness. It is often asso-
ciated with nausea and vomiting. In patients with this di-
agnosis, a urine culture should routinely be done. While
blood cultures are positive in up to 25 percent of cases,
there is no association with increased morbidity. Thus
thereis no need for routine blood cultures in these patients.

Routine work-up forobstruction is not necessary. Risk
factors for obstruction include symptoms >48 hours,
pyelonephritis in the elderly, and diabetic patients.
Imaging should be considered if obstruction is felt to be
a clinically significant possibility.

Management

The Infectious Disease Society of America (IDSA) treat-
ment guidelines divide patients into those with mild symp-
toms, in whom a trial of outpatient therapy is appropri-
ate, and moderately or severely ill patients, who require
a course of intravenous antibiotics.'® Clinical judgement
makes the distinction between these two categories, con-
sidering factors such as ability to tolerate oral antibiotics
and maintain good hydration, evidence of sepsis, and like-
lihood of compliance. Many patients who appear quite ill
on presentation can benefit from a few hours of hydration
and observation, allowing a reasonable trial of outpatient
management.

Due the increasing prevalence of resistance to
TMP-SMX in pyelonephritis isolates (18 percent in 1996



528  Section VII  THE REPRODUCTIVE AGE AND OLDER WOMEN

in a Seattle study'*), IDSA guidelines recommend em-
piric treatment with a fluoroquinolone as first-line ther-
apy. If sensitivities are known, use the least expensive
agent to which the bacterial isolate is sensitive. Histori-
cally, pyelonephritis was treated with up to 6 weeks of
antibiotics. Numerous studies have proven that 2 weeks
of therapy provides an equivalent cure rate to 6 weeks.'6
It is well accepted that 10 to 14 days of therapy is ade-
quate in uncomplicated patients. There is controversy as
to whether a shorter course of 5 to 7 days is acceptable,
with results of well-designed randomized trials endors-
ing both sides of the question.'”'® While the conservative
approach would be to treat for a minimum of 10 days,
a large, randomized, double-blind trial demonstrated a
higher clinical and bacteriologic cure rate for a 7-day
course of ciprofioxacin than for 14 clays of TMP-SMX.'?

Pyelonephritis in Pregnancy

Pyelonephritis in the pregnant patient deserves special
mention. This diagnosis is associated with an increased
incidence of low birth weight infants and prematurity,
and an increased risk of perinatal morbidity. There is also
an increased incidence of maternal sepsis with multisys-
tem involvement and acute respiratory distress syndrome.
Management of these patients therefore mandates ob-
stetric consultation and admission. Recommended antibi-
otic therapy includes ampicillin plus an aminoglycoside,
aztreonam, cefazolin, or TMP-SMX (but not in the third
trimester). Due to the increasing incidence of ampicillin
resistance, it should not be used as single-agent therapy
in this patient population, and the choice of antibiotics for
empiric therapy must be guided by knowledge of local
resistance patterns. Fluoroquinolones are contraindicated
during pregnancy.

Recurrent Cystitis

Recurrent cystitis, in which the patient is reinfected by a
new exogenous strain of bacteria, must be distinguished
from a relapse of the original infection. Because emer-
gency physicians rarely have consistent follow-up, mak-
ing this diagnosis requires a careful history.

If this diagnosis is suspected, urine culture is essen-
tial to guide therapy and follow-up. Most authors recom-
mend empiric therapy with a fluoroquinolone. Recurrent
UTI with the same strain of bacteria in spite of appro-
priate therapy indicates a need for urologic work-up to
look for structural abnormalities. Nonstructural risk fac-
tors for recurrent UTI include sexually active women who

use spermicides and diaphragms for contraception and
postmenopausal women with low estrogen states.?

Complicated Urinary Tract Infections

Complicated UTIs are defined by UTI in the presence of
host factors such as functional, structural, or metabolic
abnormalities of the urinary tract, or a UTI caused by re-
sistant organisms. Specific complicating factors include
nephrolithiasis, reduced bladder tone, diabetes, chronic
indwelling catheters, immunosuppression, and patients at
high risk for resistant pathogens such as those with recent
antimicrobial treatment. The clinical spectrum can range
from mild cystitis to life-threatening urosepsis. The bac-
teriology of complicated UTI is broad. Coliforms remain
the most common etiology, while Proteus, Enterococcus,
Pseudomonas, Serratia, and Enterobacter species are
much more common now than in the past.

While ED therapy is generally empiric by definition,
obtaining cultures in these patients prior to initiating ther-
apy is critical to their management. In general, outpa-
tient empiric therapy begins with the fluoroquinolones,
and then can be switched based on culture and sensitivity
results. Many patients with complicated UTIs will require
hospitalization for inability to tolerate oral medications,
concomitant medical problems, or for the severity of the
UTI itself. In these patients, empiric IV therapy should
include an antipseuodomonal penicillin and an aminogly-
coside, a third-generation cephalosporin with antipseu-
domonal activity, or imipenem. The local resistance pat-
terns of the enterococci and Pseudomonas aeruginosa
must be considered in the choice of antibiotics.

Catheter-associated UTI is an important subset of com-
plicated UTI. There are more than |1 million catheter-
associated urinary infections each year in the United
States. With the presence of an indwelling catheter, the
risk of bacturia is approximately 5 percent per day.
Catheter-associated UTIs account for 40 percent of noso-
comial infections and are the most common source of
gram-negative bacteremia.?'

The diagnostic criterion is a urine culture showing more
than 100 CFU/mL. Since this is nota practical standard for
use in the ED, the finding of symptomatic bacteriuria in a
catheterized patient merits antibiotic therapy. Polymicro-
bial UTIs, rare in other settings, are more common with in-
dwelling catheters. Empiric therapy should begin with IV
ampicillin plus gentamicin, IV ticarcillin plus clavulanate,
or an IV fluoroquinolone. Some patients may be appro-
priate for oral therapy, in which case fluoroquinolones are
the drugs of choice. Most authors recommend a minimum
of 14 days of therapy.
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Asymptomatic Bacteriuria in Pregnancy

Between 2 and 10 percent of pregnancies are complicated
by UTlIs; left untreated more than 25 percent of these
women will develop pyelonephritis with the associated
morbidities previously discussed.?? Bacteriuria in this
patient population should therefore be sought out and
treated. A 3- to 7-day course of therapy with TMP-SMX,
nitrofurantoin, or cephalexin should be followed by a
follow-up test-of-cure urinalysis and culture. TMP-SMX
and nitrofurantoin should generally be avoided in the third
trimester. With the increasing prevalence of antimicrobial
resistance, pretreatment cultures are critical.

TOXIC SHOCK SYNDROME

The toxic shock syndrome (TSS) is a serious and po-
tentially life-threatening medical problem that is easily
missed early in its course. In the early 1980s a large num-
ber of cases were reported in both the medical literature
and the lay press that were either menstrual- or tampon-
associated.? Later in the 1980s and 1990s, nonmenstrual
cases of TSS due to a variety of causes were recognized
with much greater frequency.?* While TSS is thought of
as a new disease, it has been recognized and reported in
medical history to have been linked to Staphylococcus
aureus infection since at least 1927.

Toxic shock syndrome is caused by S. aureus,
S. pyogenes (the group A B-hemolytic Streptococcus),
and occasionally other gram-positive coccal organisms:
Streptococcus agalactiae (the group B S-hemolytic Strep-
tococcus), certain strains of ¢-hemolytic streptococci, and
on rare occasions, strains of coagulase-negative staphy-
lococci. In contrast to septic shock due to gram-negative
rods, which usually occurs as a nosocomial infection or in
debilitated, elderly, or immunosuppressed patients, TSS
most commonly occurs in otherwise healthy outpatients.
The manifestations of TSS may actually be different or
atypical in immunosuppressed patients, such as those with
acquired immunodeficiency syndrome (AIDS), than in
patients who have an intact immune system.?*

Staphylococcal TSS (versus streptococcal TSS) occurs
predominantly in women (over 80 percent), the over-
whelming majority occurring in white women between
the ages of 15 and 19 years.In the early 1980s, epi-
demiologic studies linked staphylococcal TSS to young,
menstruating women with S. aureus vaginal colonization
and/or infection sustained while using super absorbent
tampons. The isolation and subsequent identification of
a new staphylococcal enterotoxin, toxic shock syndrome

toxin-1 (TSST-1) trom over 90 percent of S. aureus strains
in patients with menstrual TSS confirmed the etiology of
the syndrome.

After the early 1980s, there was a marked decline in
the number of cases of staphylococcal TSS, entirely ac-
counted for by a decline in the menstrual cases associated
with tampon use.2® This led many to speculate that Rely®
tampons, which had been removed from the market, had
in fact been a major cofactor in the expression of the
tampon-associated syndrome. In some parts of the U.S.,
however, menstrual cases of TSS did not decline. Other
factors that may have contributed to the overall decline in
menstrual cases of TSS include increased public and med-
ical awareness, more aggressive use of antistaphylococcal
antibiotics with even the most minor of symptoms asso-
ciated with menstruation, and underreporting of cases.

Once menstrual cases became less prevalent, the
breadth and scope of nonmenstrual cases of staphylococ-
cal TSS were better appreciated. The literature was filled
with case reports of TSS associated with postoperative
infections and trauma as well as nasal and wound packs.
The nonmenstrual TSS cases were as common in men
as in women, occurred in any and all ages, were less of-
ten associated with different toxins, and were more often
associated with staphylococcal enterotoxin B (SEB).

In 1987, Cone and colleagues?’ described their “clini-
cal and bacteriologic observations of a toxic shock-like
syndrome due to Streptococcus pyogenes.” The medi-
cal literature began to document increasing numbers of
streptococcal TSS infections as well as fulminant, rapidly
fatal cases of invasive streptococcal bacteremias, necro-
tizing fasciitis, myositis, and multiple organ failure. The
prevalence has been estimated at approximately 10 to
20 cases per 100,000 population. This syndrome was more
tully characterized in a series of 20 patients described by
Stevens and coworkers2® in 1989. The case fatality rate in
this series was 30 percent. In some patients, no site of in-
fection was readily identified at the time of presentation,
even though the patients progressed rapidly into shock.

Pathophysiology

The major toxins of S. aureus can be divided into three
groups: enterotoxins, exfoliative toxins, and toxic shock
syndrome toxin-1 or TSST-1. The enterotoxins are
medium-sized proteins, of which there are seven distinct
types, that can cause staphylococcal food poisoning and
shock in humans and experimental animals.?® These tox-
ins are very potent; submicrogram quantities can induce
vomiting and diarrhea 1 to 4 hours after ingestion. The ex-
foliating toxins A and B (EXF-A, EXF-B) that cause the



530  Section VII THE REPRODUCTIVE AGE AND OLDER WOMEN

staphylococcal scalded-skin syndrome in children may
alsocause bullous impetigo in adults as well as in children.

Specific humoral immunity to TSS is confirmed by
identifying the antibody to TSST-1. Acquisition of this
antibody is age-related, and the great majority of persons
who are over age 30 have measurable quantities. Patients
with antibody to TSST-1 are still found to be susceptible
to nonmenstrual TSS caused by staphylococcal entero-
toxin B or other toxins. Most patients with TSS related to
menstruation either lack this antibody or have a very low
titer. Over 50 percent of recovered patients do not develop
anti-TSST-1 antibodies, which may explain the recurrent
bouts some individuals experience.

In contrast to staphylococcal TSS, in which S. aureus
bacteremia is uncommon, streptococcal TSS is associated
with bacteremia with S. pyogenes in 60 percent of cases.?
In fact, bacteremia is so rare in staphylococcal TSS that its
presence in a TSS-like illness was originally considered an
exclusion factor in the early Centers for Disease Control
and Prevention (CDC) case definition.

Staphylococcal Toxic Shock Syndrome

Sudden vasomotor collapse in a previously healthy person
is a striking and regular feature of toxic shock syndrome.??
In milder cases, transient hypotension and syncope or near
syncope occur. Severe cases are usually marked by a fever
of more than 38.9°C (102°F) and diffuse erythroderma.
The involvement of multiple body systems and the exclu-
sion of alternative diagnoses help to establish the clinical
diagnosis. Some signs and symptoms develop over the
first | to 3 days. In particular, mucous membrane involve-
ment tends to become most prominent on day 4 or 5 in
most patients, and the very characteristic digital desqua-
mation appears at 7 to 14 days.

The skin manifestations cannot be considered paral-
lel to those of septic shock, in which rash is uncommon.
The rash of TSS differs from the hemorrhagic changes
of meningococcemia and/or DIC, and is a key feature
of the disease and the best clue to early diagnosis. Usu-
ally a blanching, nonpruritic, macular eruption that has
a sunburn-like appearance, the rash is easy to overlook
or to ascribe to the flushing associated with a high fever.
Although in the U.S. the incidence of TSS seems to be
lower in African-Americans than in whites, the rash is
extremely difficult to see on darker skin. The mucosal
changes in all patients can be dramatic, typically involv-
ing the eyes, mouth, tongue, and vagina. The frequently
identified “strawberry tongue” is indistinguishable from
that of scarlet fever.

Many of the gastrointestinal manifestations of TSS are
likely to be direct effects of the staphylococcal toxins as
the dramatic secretory diarrhea is not often seen in sep-
tic shock. Vomiting usually appears early, while diarrhea
often develops 1 to 2 days later. Clinical and histologic
changes in the gut mucosa are similar to those seen in as-
sociation with staphylococcal food poisoning, a disease
caused by different staphylococcal enterotoxins.

Nonmenstrual cases of TSS span the spectrum of focal
and systemic staphylococcal diseases. Postpartum infec-
tions, surgical wound infections, infected sites of trauma,
the use of barrier contraception, and various skin, soft tis-
sue, and mucosal abscesses have been implicated.?* Res-
piratory infections, including sinusitis, infections behind
nasal packs, and postinfluenza bronchitis-pneumonias,
are a few selected examples.

Several aspects of postpartum TSS deserve special em-
phasis. Both staphylococcal and streptococcal TSS cases
have been described in the postpartum period. In most
such patients, there has been no evidence of preexisting in-
trauterine infection and no history of postpartum tampon
use. Postpartum intrauterine manipulation is documented
in some of the staphylococcal TSS cases. Often these pa-
tients present with a septic or “toxic” clinical picture, but
lack the localizing signs and symptoms of an intrauterine
infection, such as pain, tenderness, and abnormal vaginal
discharge. Fatal cases of Clostridium sordelli infection, a
TSS-like syndrome, have been described in the postpar-
tum patient with retained gauze sponges.*

Another interesting aspect of postpartum TSS is the oc-
casional description of congenital TSS in infants born to
mothers with postpartum TSS. Mahieu and colleagues®
described such a neonate born to a mother with strepto-
coccal TSS. At presentation, this infant lacked antibodies
against streptococcal pyrogenic exotoxins. He responded
to treatment with intravenous immune globulin, which
was later demonstrated to contain neutralizing antibod-
ies against all three streptococcal pyrogenic exotoxins.
Others had previously reported staphylococcal TSS in
mother-infant pairs, with suspected intrapartum transmis-
sion of the S. aureus infection.?!

Streptococcal Toxic Shock Syndrome

In contrast, patients with streptococcal TSS often present
with severe or even excruciating pain of abrupt onset.??
This pain can be dramatic and quite puzzling to both the
patient and the physician, since it often precedes the de-
velopment of local tenderness and/or physical signs of
inflammation. The pain usually begins in an extremity,
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but it can occur in the head, chest, or abdomen, mimick-
ing such otherdisorders as sinusitis, myocardial infarction
and pericarditis, and peritonitis and pelvic inflammatory
disease, respectively.

About 20 percent of patients with streptococcal TSS
may first appear with symptoms that suggest a febrile
gastroenteritis or an influenza-like illness.”® Fever, myal-
gias, nausea, vomiting, and diarrhea are not uncommon
in such patients, and they may suspect food poisoning or
other gastroenteritides. The onset of the illness may be
very subtle in such patients and fulminant in others.

A fever often as high as 40.5 to 41°C (105 to 106°F)
is usually the first sign at the onset of streptococcal
TSS.2 Other common clinical features include confusion
(50 percent) and sof't tissue infection (80 percent). About
70 percent of the patients with focal soft tissue infection
will develop necrotizing sof't tissue infection, heralded by
the appearance of vesicles, bullae, and ultimately necro-
sis. The ensuing necrotizing fasciitis and/or myositis will
require emergent surgical exploration for diagnosis and
debridement. Delayed diagnosis and surgery may lead to
amputation and death.

Only about 10 percent of patients with streptococ-
cal TSS develop a diffuse faint rash.3?> Localized ery-
thema overlying the site of focal cellulitis is more com-
mon. This absence of a generalized diffuse erythema is
in distinct contrast to staphylococcal TSS, in which over
80 percent of patients will develop a rash. Nearly half
of patients with streptococcal TSS are normotensive at
presentation.2® However, most will manifest a significant
drop in blood pressure over 4 to 8 hours of observation.

Laboratory Tests

Mild anemia evolves quickly and probably has several
causes. Leukocytosis is universal and often includes im-
mature forms (band forms, or “left shift”), and toxic
neutrophilic changes are usually present. In milder cases,
a reduction in platelets is an isolated finding, but a de-
creased platelet count is part of a generalized DIC syn-
drome in some severe cases. A prolonged prothrombin
time (PT), partial thromboplastin time (PTT), and de-
creased serum fibrinogen will be seen if severe DIC is
present. Eosinophils may increase later in the course,
sometimes creating diagnostic confusion between an al-
lergic reaction to antibiotics and TSS itself. Liver, pancre-
atic, and skeletal muscle enzymes may rise quite signifi-
cantly. Creatine phosphokinase levels are less commonly
elevated in staphylococcal TSS than in streptococcal
[SS:

Electrolyte abnormalities are also very common and
include hypokalemia, hyponatremia, hypocalcemia, hy-
pophosphatemia, and hypomagnesemia. Hypocalcemia is
almost universal, is not proportional to mild hypoalbu-
minemia, and is not explained by the occasional episodes
of pancreatitis, renal dysfunction, or hypomagnesemia.
It is not due to hypotension or toxic shock alone. The
changes are similar to those seen in septic shock but do
not occur in otherwise uncomplicated cardiogenic shock.
Calcium depression, which can be profound, lasts for5 to
7 days. The clinical severity of the TSS seems to deter-
mine the degree of serum calcium depression.

A positive culture for S. aureus from an obviously in-
volved focus (e.g., vagina, tampon materials, an infected
postoperative wound, or traumatic injury site) supports the
clinical diagnosis. In many patients, the site of infection
may be subtle; some of these toxic staphylococcal strains
are apparently weakly invasive, eliciting little to no local
inflammatory reaction. A high clinical index of suspicion
is required in septic patients and wounds that are not ob-
viously infected should therefore be opened and cultured.

Treatment

The most important component of managing TSS is mak-
ing the diagnosis early. This is best done by maintaining a
high index of suspicion and early recognition as the pro-
cess unfolds. The diagnosis can be quite challenging with
an atypical presentation.

Initial steps include early consultation and admission
to an ICU, antibiotic therapy, and judicious fluid and elec-
trolyte management. Cardiorespiratory support with me-
chanical ventilation and vasoactive agents may be needed.
Some severely affected patients require as much as 20 L
of normal saline or Ringer’s lactate in the first 24 hours.

Sources of staphylococcal or streptococcal infection
must be searched for assiduously, abscesses should be
drained, and wounds need to be explored even if they
do not look obviously infected. Any packing must be
removed and fasciitis, myositis, or gangrenous areas
should be promptly and extensively debrided in an op-
erating room setting.

Antibiotic therapy is mandatory. The antistaphylococ-
cal B-lactamsare first-line agents. First-generation cepha-
losporins, such as cefazolin sodium, are also very effec-
tive. The fixed drug combination of ampicillin-sulbactam
has appreciable antistaphylococcal, as well as antistrep-
tococcal activity. However, it is not considered effective
against methicillin-resistant staphylococci. Ampicillin-
sulbactam is an attractive initial antibiotic choice in
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patients in whom mixed aerobic-anaerobic infections or
gas gangrene is part of the differential diagnosis.

Although the prevalence of methicillin-resistant S. au-
reus infection has increased dramatically in the past two
decades, TSS-producing strains have rarely been encoun-
tered. Nonetheless, in certain high-risk clinical settings—
i.e., with intravenous drug abusers and in hospital-
acquired infections—initial treatment with intravenous
vancomycin is recommended. For the penicillin-allergic
patient, vancomycin or clindamycin are appropriate al-
ternatives. Clindamycin may have a unique role in TSS.
Laboratory studies have shown that, independent of its
antibiotic activity, it can suppress toxin production in
the staphylococci. A 5- to 7-day course of antibiotics is
reasonable. Longer treatment may be required in severe
cases, especially when an infectious focus cannot be found
or is not amenable to drainage.

Many textbooks continue to recommend penicillin G,
1 to 2 million units intravenously every 4 hours for se-
vere streptococcal infections. However, accumulating lab-
oratory data, animal studies, and anecdotal clinical re-
ports provide compelling data that favor clindamycin in
toxic streptococcal infections. The killing of group A B-
hemolyetic streptococci (GABS) in the laboratory by peni-
cillin is highly inoculum-dependent, but this inoculum
effect does not occur with clindamycin. The inoculum or
load of GABS in the blood and tissues of patients with
invasive and toxic GABS infections can be very high.
This lack of an inoculum effect coupled with the ability
of clindamycin to suppress the microorganisms’ ability
to produce toxins may partly explain its observed clinical
superiority. Penicillin remains effective for clostridial soft
tissue infections.

More controversial forms of therapy include the use of
corticosteroids and intravenous immune globulins. Ani-
mal studies and two human studies** support theadmin-
istration of corticosteroids if begun as early as possible—
no later than the third day of illness in staphylococcal
TSS. Since most patients lack anti-TSST-1 antibody and
some may be incapable of developing protective antibody,
passive immunization with intravenous immune globulin
seems rational. Commercial intravenous immune globu-
lin preparations in the United States and Europe contain
appreciable quantities of neutralizing antibody to TSST-1.
At least two animal studies support this approach, but no
controlled studies have been performed in humans.

Some brands and lots of commercial intravenous im-
mune globulin preparations in the U.S. and Europe may
also contain appreciable quantities of neutralizing an-
tibodies against the streptococcal enterotoxins. Isolated
case studies have described impressive improvements in

patients with streptococcal TSS.?' In one large, uncon-
trolled study of 15 patients, the mortality was 13 per-
cent in patients given intravenous immune globulin. The
expected mortality, based on historic controls, was 66
percent.*3
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Appendix 1

Diagnostic Imaging During
Pregnancy: Risks to
the Fetus

Mitchell M. Goodsitt
Emmanuel G. Christodoulou

« Diagnostic imaging resulting in a fetal dose of

5rads or more

- Large numbers of plain radiographs (30 or
more) involving abdomen, pelvis, lumbar
spine, and hip

- Multiphase CT examination of the
abdomen/pelvis

- Fluoroscopic examination of abdomen/
pelvis lasting several minutes

KEY POINTS

* Fetal doses for most diagnostic x-ray
procedures are less than those that produce
statistically significant increases in fetal
abnormalities.

= Radiation risks to maternal ovaries

Dose Effect

10 rads Delay in menses, reduced
ovarian size, no evidence
of genetic mutations
in ovum

200 rads Temporary infertility

500 rads  Permanent sterility

» Effects from radiation dose 10-20 rads to
the whole body of the fetus

Age post-  Effects
conception (dose-dependent)

(weeks)

0-2 Embryo resorption

2-8 Teratogenesis, neuropathology

8-15 Neuropathology, mental
retardation, small head size

15-25 If >50 rads, mental

retardation, growth
retardation, fetal
sterility as an adult

Note: Gestation age = conception age +
2 weeks

« Effects from nonionizing imaging

Diagnostic None of clinical
ultrasound significance
MRI None reported but use with
caution, especially in first
trimester

This appendix can probably be best summarized by a set
of guidelines that was recommended in September 1995
by the Committee on Obstetric Practice of the American
College of Obstetricians and Gynecologists.! They state:

The following guidelines for x-ray examination or
exposure during pregnancy are suggested:

1. Women should be counseled that x-ray exposure
from a single diagnostic procedure does not re-
sult in harmful effects. Specifically, exposure to
less than 5 rads has not been associated with an
increase in fetal anomalies or pregnancy loss.

2. Concern about possible effects of high-dose ion-
izing radiation exposure should not prevent
medically indicated diagnostic x-ray procedures
from being performed on the mother. During
pregnancy, other imaging procedures not asso-
ciated with ionizing radiation (e.g., ultrasonog-
raphy, MRI) should be considered instead of x-
rays when possible.

3. Ultrasonography and MRI are not associated
with known adverse fetal effects. However, until
more information is available, MRI is not rec-
ommended for use in the first trimester.

4. Consultation with a radiologist may be helpful
in calculating estimated fetal dose when multi-
ple diagnostic x-rays are performed on a preg-
nant patient.

5. The use of radioactive isotopes of iodine is con-
traindicated for therapeutic use during preg-
nancy.

When a pregnant woman undergoes a diagnostic x-ray
procedure, possible deleterious effects to the fetus are a
logical concern. Fortunately, recent analyses have shown
that in nearly all cases, the x-ray doses for clinical radio-
logic examinations are below those at which statistically
significant increases in fetal abnormalities arise.? This ap-
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Table A1-1. Measures of Radiation

Measure Definition Unit SI Unit
Exposure Ions produced per kilogram of air Roentgen (R)* Coulomb/kg®
Dose Energy absorbed per kilogram of tissue Rad (rad)” Gray (Gy)?
Equivalent dose Energy absorbed per kilogram of tissue Rem (rem)© Sievert (Sv)°©

corrected for biological effect
Effective dose Energy absorbed per kilogram of tissue Rem (rem)* Sievert (Sv)©

corrected for biological effect partial
body irradiation, and radiosensitivity of

organs

“1 R=12.58 x 107* C/kg

b1 Gy = 100 rad

€1 Sv =100 rem

kg = kilogram: C = coulomb

pendix explains the units used to measure x-ray exposure
and dose, lists fetal doses for many common procedures,
discusses the risks of ionizing and nonionizing radiation
to the fetus, gives recommendations concerning alterna-
tive imaging modalities such as ultrasound and magnetic
resonance imaging, and provides an example of a policy
to follow when a pregnant or potentially pregnant patient
presents for a possible x-ray procedure.

THE THREE Rs: ROENTGEN, RAD,
AND REM

X-rays are a form of electromagnetic radiation, similar
to visible light, ultraviolet light, microwaves, and radio
waves. The primary distinguishing feature of x-ray pho-
tons is that they have much higher energies and can there-
fore ionize matter. lonizing radiation is commonly quan-
tified in terms of: exposure, dose, equivalent dose, and
effective dose. The unit of x-ray exposure, the roentgen
(R), is a specific amount of ions or electric charge per unit
mass (or volume) of air. Skin surface exposures are often
provided in units of roentgens or milliroentgens (mR),
where I mR equals 1/1000 R (Table A1-1).

The dose is the amount of energy deposited by the
x-rays in our tissues and is measured in rads (radiation
absorbed dose). One rad is equal to 0.01 joule per
kilogram of tissue. At diagnostic x-ray energies, 1 rad
is roughly equal to 1 R.

In addition to x-rays, we are exposed to other types of
ionizing radiation, such as alpha particles from the decay
of radon gas. In contrast to x-rays, which can penetrate
our bodies, alpha particles are completely absorbed by
less than 1 mm of soft tissue (actually, by just a few hun-
dredths of a millimeter).? Consequently, the energy depo-

sition and damage are more localized resulting in greater
biological effect. The relative biological effect of the dif-
ferent types of ionizing radiation is accounted for in the
quantity termed the equivalent dose. The unit for equiva-
lent dose is the rem. For diagnostic x-rays, 1 rem equals
1 rad. Theremis also used as the unit for effective dose,*>
which accounts for the effects of partial rather than whole
body irradiation and the radiosensitivity of the specific
organs that are exposed.

In summary, for diagnostic x-rays, 1 R of exposure is
equal to approximately 1 rad of absorbed dose in soft
tissue, which is equal to approximately 1 rem equivalent
dose.

Recently, the Systeme International d’Unités (SI) set of
units has been established. The SI unit for dose is the gray
(Gy). One gray is equal to 1 joule (J) of absorbed energy
per kilogram of tissue; hence, 1 Gy is equal to 100 rads.
The SI unit for equivalent dose and effective dose is the
sievert (Sv), and | Sv is equal to 100 rem.

RISKS OF IONIZATION

The primary risk of ionization is damage to the DNA.
Depending upon the extent, location, and timing of the
x-ray exposure, the DNA damage may be repaired, or
it may result in cell death, rapid cell growth (cancer),
abnormal growth (birth defects) in the fetus, and/or ge-
netic mutation. The ma jority of the damage to DNA from
x-ray exposure arises indirectly from interactions with
free radicals produced when the x-rays ionize water
molecules in our bodies. These free radicals are electri-
cally neutralhydrogenatoms and hydroxyl molecules that
have an unpaired electron in the outermost shell and are
chemically very reactive. In order to become stable, they
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rapidly acquire or share electrons with nearby molecules,
in the process breaking chemical bonds within those
molecules. Furthermore, free radicals can interact with
themselves and other molecules to produce toxins such as
hydrogen peroxide. Compared with chemical agents, ion-
izing radiation is particularly effective at damaging DNA
because of the ability of ionizing radiation to break chem-
ical bonds and cause defects in the various components
of DNA, all within a very small area.

DOSE TO THE FETUS FROM COMMON
DIAGNOSTIC X-RAY PROCEDURES

The x-ray dose to the fetus depends upon a number of fac-
tors, including the skin surface exposure to the mother,
the effective energy of the x-ray beam, the size of the
x-ray field, the depth of the fetus, and the size of the pa-
tient. Even when the fetus is not located within the x-ray
field, it can still receive an x-ray dose due to x-rays scat-
tered within the mother’s body. Abdominal shielding can
reduce external scatter of radiation and resultant fetal
dose, and is advised when the patient is pregnant. How-
ever, shielding has little effect on fetal dose once the beam
hasentered the body (internal scatter). In that case, in addi-
tion to the above factors, the dose depends on the distance
between the x-ray field and the fetus.”'®

Fetal Doses from Radiographic Examinations

There are several techniques that can be used to esti-
mate the dose to the conceptus when it is directly ex-
posed to x-ray radiation from radiographic procedures.’
These include the normalized depth-dose technique,'” the
percentage depth-dose technique,®® and the tissue-air
ratio technique.'®'? One of the most useful references
for calculating doses to the conceptus when it is located
either within or outside the x-ray field is the Handbook of
Selected Tissue Doses for Projections Common in Diag-
nostic Radiology,"" published by the Food and Drug Ad-
ministration (FDA). The organ doses in this pamphlet are
based on calculations made with a sophisticated computer
simulation method known as the Monte Carlo method.
Normalized organ dose (dose divided by free-in-air expo-
sure at the skin surface position) tables are provided for
various x-ray beam qualities. Estimated conceptus doses
are accurate to the degree that the patient undergoing
the study is adequately described by the average female
mathematical model used in the simulation method. It is
specifically stated in this handbook that “assignment of
organ doses to individual patients using the Handbook
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is not recommended.” We measured the free-in-air expo-
sures and beam qualities for many common radiographic
procedures that women undergo in the emergency depart-
ment and used the normalized organ dose tables'! to es-
timate fetal dose. That dose is actually the dose to the
uterus and is valid for fetuses up to the age of 2 months.
Beyond 2 months, because of the increased uterine size,
other methods must be employed. Table Al-2 lists the
estimated doses to the uterus for the various types of ex-
aminations. The doses in Table Al-2 represent values for
an average-sized patient. The doses are directly propor-
tional to the x-ray tube current (mA) and exposure time
(s) product (mAs) employed, and they are fairly strongly
dependent upon the x-ray beam’s half-value layer (HVL).
As long as the HVL, or effective energy, for a particular
examination is similar to the one listed, the dose to the
conceptus of a specific average-sized patient can be esti-
mated by simply multiplying the dose in the final column
of Table A1-2 by the ratio of the actual mAs to the mAsin
the table. If the HV L ofa particular x-ray unit differs from
that listed in Table A 1-2 by more than 0.2, the actual dose
may differ by more than 20 percent. Under those circum-
stances, we recommend using the organ dose versus HVL
datain the original FDA publication'' to obtain a more ac-
curate dose estimate. The normalized organ doses are not
applicable to individuals whose anthropometric charac-
teristics differ significantly from the reference (average)
patient. Hence, the fetal doses listed in the last column
of Table A1-2 are not as accurate in very thin or obese
patients. Finally, if an average-sized patient has multi-
ple examinations, the total dose to the conceptus is com-
puted by simply summing the doses from each individ-
ual examination. Organ doses for common radiographic
procedures can also be estimated for the average-sized
adult and child using the computer programs XDOSE
and CHILDOSE by J.C. Le Heron (email address:
John.Le_Heron@nrl.moh.govt.nz located at the National
Radiation Laboratory, Ministry of Health, Christchurch,
New Zealand). These programs use the normalized organ
dose data sets in the reports NRPB-SR262 and NRPB-
SR279 (National Radiological Protection Board, UK).
These data sets can be purchased from the NRPB (web
address: http://www.nrpd.org.uk/services/software).

Fetal Doses from Computed
Tomography Examinations

Computed tomography (CT) examinations usually in-
volve higher radiation doses than other radiographic ex-
aminations. For an examination of the pelvic region, the
conceptus dose will be in the vicinity of 2000 mrad
(20 mGy). The dose depends on the position of the



Table A1-2. Estimated Fetal Doses for Common Radiographic Examinations

Average Dose to
Field Size Patient Exposure in  the Uterus
HVL, SID, atFilm, Thickness, Air atSkin (Fetus) per
Examination kVp mAs mmAl cm cm-cm cm Surface mR  Film, mrad?
Chest AP/PA 125 4 5.4 183 35x43 22 21 0.1
Chest lateral 125 20 5.4 183 35 x 43 32 121 0.2
Chest AP/PA (portable) 120 4 49 122 35 x 43 22 19 0.1
Abdomen AP 70 40 3.0 102 35x43 20 272 94.0
Abdomen decub. 70 80 3.0 102 35x43 20 544 27.0
Abdomen (portable/grid) 70 64 23 102 35 x 43 20 Syl 135.0
Pelvis AP 75 40 32 102 35x43 20 308 116.0
Pelvis lateral/grid 75 200 8% 102 35x43 35 1890 107.0
Pelvis (portable/grid) 76 40 2.4 102 35 x 43 20 343 95.0
C-spine AP 75 8 32 102 24 x 30 13 51 0.0
C-spine lateral 70 10 3.0 102 24 x 30 17 51 0.0
C-spine lateral/grid 75 16 34 102 24 x 30 17 142 0.0
C-spine AP (portable/grid) 70 12 3.0 102 24 x 30 13 77 0.0
C-spine oblique 65 10 2.8 102 24 x 30 13 46 0.0
C-spine odontoid 75 25 32 102 24 x 30 13 160 0.0
T-spine AP 75 32 32 102 35x43 22 261 0.4
T-spine lateral 80 32 3.4 102 35 x 43 32 427 0.2
L-spine AP 75 40 3.2 102 35x43 20 308 101.0
L-spine lateral 85 64 3.6 102 35 x 43 32 953 44.0
IVP 65 30 2.8 102 35x43 20 167 51.0
Hip AP 75 82 39 102 24 x 30 20 247 64.0
Hip lateral 75 32 32 102 24 x 30 18 234 10.0
Femur AP 75 12 32 102 18 x 43 20 92 0.7
Femur lateral 75 10 32 102 18 x 43 20 77 0.2
Shoulder AP 70 8 3.0 102 24 x 30 17 50 0.0
Humerus AP 60 2 285 102 18 x 43 17 8 0.0
Orbits AP 70 S0 3.0 102 24 x 30 18 322 0.0
Orbits lateral 70 7 3.0 102 24 x 30 18 45 0.0
Skull AP 70 40 3.0 102 24 x 30 18 258 0.0
Skull lateral 70 10 3.0 102 24 x 30 18 64 0.0
Skull townes 70 64 3.0 102 24 x 30 18 412 0.0
Skull waters 70 40 3.0 102 24 x 30 18 258 0.0
Zygoma axial 70 6 3.0 102 24 x 30 18 39 0.0
Soft tissue neck AP 70 10 3.0 102 24 x 30 13 5 0.0
Softtissue neck lateral 100 2 4.4 102 24 x 30 17 28 0.0
Nuclear Medicine Studies 270*
Thyroid scan
Bone, brain, renal,
cardiovascular scan <500'9-20
Pulmonary
Ventilation/perfusion ~50%!
scan
*Per study

kVp = peak kilovoltage (x-ray tube potential); mAs = milliampere-seconds (x-ray tube current exposure time product); HVL =
half-valve-layer (thickness of aluminum necessary to reduce x-ray intensity by a factor of 2); SID = source-to-image distance (x-ray

tube to film distance).

TSource: Husak V. Wiedermann M: Radiation absorbed dose estimates to the embryo from some

nuclear medicine procedures. EurJ Nucl Med 5:205, 1980.
The fetal doses represent values for an average-sized patient.
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Table A1-3. Conversion Factors (F)* for Radiation
Doses to the Uterus for Computed Tomography
Examinations of Three Regions

Thorax Abdomen Pelvis

7 40 441

“mrad to uterus/rad free-in-air kerma at center of gantry.
Source: Mini et al,?? with permission.

conceptus withrespectto the partof the patient’s body that
is scanned, the beam quality, the examination technique
used, and the patient’s size and contour. One of the meth-
ods for estimating fetal doses from CT examinations was
developed by Mini and colleagues.?* This group used ther-
moluminescent dosimeters (TLDs) to measure doses at
70 locations inside an anthropomorphic phantom that was
scanned using standard CT examination protocols. They
determined the typical location and size of several organs
of interest in that phantom from CT images of previously
examined patients. The dose to the fetus was assumed to
be equal to the mean dose to the uterus. In addition, Mini
and coworkers established conversion factors that relate
measured free-in-air dose (kerma) to organ dose at the ro-
tation axis of any CT scanner. One of the simplest methods
to estimate fetal dose from a CT examination is to mea-
sure the free-in-air dose for the technique employed and
multiply by the appropriate conversion factor. Table A1-3
shows the conversion factors (F) for radiation doses to
the uterus for whole-area CT examination of the thorax,
abdomen, and pelvis. Our calculated doses to the uterus
for the GE HiSpeed® CT/i and GE LightSpeed® (multi-
slice) CT scanners at our institution, and those calculated

Table A1-4. Mean Dose to the Uterus (Conceptus)
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by Mini and associates for their Siemens Somatom Plus®
CT scanner are listed in Table A1-4.

Noticethatthedose values forthe three CT scanners are
similar. Also, the doses quoted by Mini and associates in-
clude the dose for the scout (localization) view, whereas
ours do not. The doses to the conceptus for the scout
views are quite small (<l mrad, 3 mrad, and 31 mrad for
the thorax, abdomen, and pelvic regions, respectively).??
For helical CT scanning, the doses listed in Table Al-4
should be divided by the true pitch factor, which is equal
to the table travel per gantry rotation divided by the to-
tal slice thickness (number of simultaneous slices times
the individual slice thickness). For example, when the GE
LightSpeed scanner is operated in the HS mode, the true
pitch is 1.5, and all of the axial mode doses for the Light-
Speed scanner in the table should be divided by 1.5. Sim-
ilarly, when the LightSpeed CT scanner is operated in the
HQ mode, the true pitch is 0.75, and the axial doses should
be divided by 0.75. In general, CT doses are proportional
to mAs and independent of slice thickness.

When a more accurate assessment of the fetal dose
from a CT examination is required, a method developed
by Felmlee and colleagues?’ may be used. This method is
especially useful when more detailed information is avail-
able concerning the exact locations of the CT slices and/or
when slice thicknesses other than the 10 mm assumed by
Mini and coworkers are employed.

Felmlee and associates®® measured fetal doses in an
adult anthropomorphic phantom. For these measure-
ments, they used four CT scanners (Picker ]200®,
Siemens DRH®, GE 9800®, and GE 8800®), four kilo-
voltages (100, 120, 130, and 140 kVp), and three radiation
scan thicknesses (2, 5, and 10 mm). The fetal dose esti-

Examination Site

CT Scanner Thorax Abdomen Pelvis
Siemens Somatom Plus 16 mrad 150 mrad 1930 mrad
(Mini et al.) 120 kVp 120 kVP 120 kVP

150 mAs 210 mAs 340 mAs
10 mm 10 mm 10 mm
GE LightSpeed (multislice) 23 mrad 186 mrad 2050 mrad
(University of Michigan) 120 kVp 120 kVp 120kVp
200 mAs 280 mAs 280 mAs
10 mm 10 mm 10 mm
GE Hi Speed CT/i 25 mrad 200 mrad 2200 mrad

mrad = millirad; kVp = peak kilovoltage; mAs = milliampere - second; mm = millimeter.

.. 22 . PO
Source: Mini et al,>~ with permission.
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mates are based on the CT dose index (CTDI) measured
using a pencil ionization chamber (10 cm long, 3 cm?) at
the center position of a 16-cm diameter cylindrical acrylic
phantom.

Other methods for computing fetal doses that have
appeared in the literature include those of Panzer and
Zankl,?* who calculated doses with a Monte Carlo method
using a “female mathematical reference phantom,” and
referenced the uterine dose to the free-in-air dose at the
rotational axis of the scanner fora | 0-mm 360° slice, and
Wagner and associates,?’ who measured doses along the
central axis and surface of two abdominal phantoms that
simulated the female pelvis and derived formulas for com-
puting fetal dose for specific CT scanners from the mAs,
number of sections over the conceptus, and total number
of sections.

The most recent methods for computing patient organ
(including the uterus, or the embryo/fetus) and effective
doses from CT examinations include one developed by
the ImPACT group (the UK’s CT scanner evaluation cen-
ter), and one described in the book Radiation Exposure
in Computed Tomography.'® The InPACT group method
is implemented in a spreadsheet that makes use of the
NRPB-SR250 normalized dose data sets. The spread-
sheet can be downloaded from the ImPACT group’s web-
site: http://www.impactscan.org/ctdosimetry.htm, and the
NRPB-SR250 data package that is used by this spread-
sheet can be purchased from the NRPB (http:www.
nrpd.org.uk/services/software/sr250.htm). The ImPACT
method employs a single adult anthropomorphic mathe-
matical model that is both male and female for its dose
calculations.

The second method'? is implemented in a program cal-
led CT-Expo V 1.2 (email: stamm.georg@mh-hannover.
de), and it makes use of the four anthropomorphic math-
ematical models,'** “EVA,” “ADAM,” “CHILD,” and
“BABY?™ for its dose calculations.

Fetal Doses from Fluoroscopy Examinations

In general, fluoroscopy examinations, especially those
that are long and involved, result in the highest patient
doses in radiology departments. The typical skin sur-
face exposure rate is about 3000 mR/min. The dose to
the conceptus from fluoroscopic studies can be computed
using the normalized-organ-dose tables for correspond-
ing radiographic techniques.!" To use these tables, one
must account for the closer x-ray focus-to-patient dis-
tance employed in conventional (x-ray tube under table)
fluoroscopy. Usually, this distance is about 50 cm for flu-

Table A1-5. Dose to the Uterus (mrad) per 1 R
Free-In-Air Skin Entrance Exposure

HVL (mmAI)

Examination 4.0 5.0
Gastroesophageal junction, LPO 0.2 0.2
Stomach, LPO 2.0 2.0
Duodenum, LPO 1.0 0.9
Gastroesophageal junction, RAO 0.3 0.4
Stomach, RAO 1.0 2.0
Duodenum, RAO 1.0 1.0

mmAI = millimeters of aluminum; LPO = left posterior oblique;
RAO = right anterior oblique.

oroscopy units, as compared with about 72 cm for radio-
graphy units. Assuming these distances, that the thickness
of the mother’sbody is approximately 20 cm, and that the
uterus is located 8 cm from the front surface forthe antero-
posterior (AP) projection and 12 cm from the rear surface
for the posteroanterior (PA) projection,'? one can estimate
that the normalized organ doses (mrad/R free-in-air skin
surface exposure) for AP fluoroscopy areabout0.92 times
those for AP radiography, andthose for PA fluoroscopy are
about 0.89 times those for PA radiography. For example,
the normalized dose to the uterus (conceptus) for PA fluo-
roscopy of theabdomen, assuming anx-ray spectrum with
a HVL of 4 mm of Al (aluminum), would be 0.89 times
the normalized dose fromPA radiography (235 mrad/R),"!
(i.e., 209 mrad per 1 R entrance exposure). If a woman
undergoes a fluoroscopic procedure that lasts 3 minutes
and receives a typical free-in-air skin surface exposure of
3 R/min, her total skin surface exposure is 9 R, and the
estimated dose to the fetus is 1 881 mrad (18.8 mGy).

If a pregnant woman undergoes an upper gastrointesti-
nal fluoroscopic examination, in particularan examination
using barium as thecontrastagent, the dose to thefetuscan
be estimated using data from another FDA publication.'?
Some examples of normalized doses to the uterus for such
examinations are listed in Table Al-5. We have chosen
not to list the normalized dose to the uterus for many up-
per Gl examinations such as LPO (left posterior oblique)
and RAO (right anterior oblique) projections of the up-
per, middle, and lower esophagus because those doses are
very low (<0.1 mrad). Furthermore, the doses listed in
the table are considerably less than those for the lower
GI tract and abdomen, where the fetus is directly ex-
posed. In particular, using the same fluoroscopy factors
as those used above to estimate the conceptus dose for
a fluoroscopy examination of the abdomen, (4 mm HVL
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and 9 R entrance exposure), one would estimate a concep-
tus dose of only 9 mrad (0.09 mGy) for an RAO barium
study of the stomach. This is about 209 times less than the
1881 mrad dose we estimated for a lower abdomen study.
In estimating the dose from fluoroscopy studies, one must
consider the fact that the skin surface exposure varies dra-
matically with patient thickness and fluoroscopic image
field of view. In general, higher skin surface exposures are
required for thicker patients and smaller fields of view. An
increase in patient thickness by only | inch typically re-
sults in a twofold increase of the skin surface exposure,
and changing the field of view from 12 to 6 inches of-
ten results in a fourfold increase in the exposure. Federal
regulations limit the maximum free-in-air skin surface ex-
posure to 10 R/min under normal fluoroscopic operation
and 20 R/min under optional high-dose-level operation.

Dose to the Fetus from Common Nuclear
Medicine Procedures

Radioactive isotopes are used in nuclear medicine primar-
ily to image internal organs and to evaluate various physio-
logic functions and secondarily for therapeutic purposes.’
During a nuclear medicine study, achemical agent labeled
with a radioactive isotope is introduced into the patient’s
body and selectively accumulated in the region of interest.
For example, radioactive isotopes of iodine accumulate in
the thyroid. Iodine is also used to treat hyperthyroidism.

The factors to consider in evaluating fetal doses from
nuclear medicine examinations include: the amount of
radioactivity administered, the particular types and ener-
gies of radiations emitted by the radionuclide, the uptake
concentrations of the radioactivity in the various organs of
the patient’s body, the proximity of each of these organs
to the fetus, the effective half-life of the radiopharmaceu-
tical, the amount of radiopharmaceutical that crosses the
placenta and enters the embryo/fetus, and the age of the
embryo/fetus.’

Conceptus dose calculations from nuclear medicine
studies are only approximations and may over- or un-
derestimate doses to the embryo/fetus by a large factor.”

During pregnancy, the ventilation-perfusion study is
very commonly performed for detecting pulmonary em-
bolism. Macroaggregated albumin labeled with tech-
netium 99m (°**"Tc), one of the radioactive isotopes
used most often in diagnostic procedures, is used for the
perfusion portion and inhaled xenon 127 ('*"Xe) or xenon
133 (**Xe) is used for the ventilation portion. The dose
to the fetus from such a study is approximately 50 mrad
(0.5 mGy).?* The doses to the fetus during bone, cardio-

vascular, brain, and renal imaging procedures with " Tc
are each less than 500 mrad (5 mGy) (Table A1-2).26%7

Radioactive iodine readily crosses the placenta and can
affect the fetal thyroid, especially when used after 10 to
12 weeks of pregnancy. If a diagnostic procedure of the
thyroid is deemed necessary, iodine 123 (‘231) or #*"Tc
should be used instead of iodine 131 (!3'I) because '*'I
results in a much higher dose per unit activity to the fetal
thyroid. It is highly recommended that therapeutic use
of radioactive iodine in the mother be delayed until
after the delivery of the baby.”

RISKS TO THE EMBRYO AND
FETUS FROM EXPOSURE TO
IONIZING RADIATION

Some of the most recent information concerning the risks
to the embryo and fetus from exposure to ionizing radi-
ation is contained in the National Council on Radiation
Protection (NCRP) commentary number 9, which was
published in May 1994;® much of what follows is based
on the material in that commentary and reference 6. In
general, the risks to the embryo and fetus can be classi-
fied into two categories: those due to deterministic effects
and those due to stochastic effects.

Deterministic Effects

Deterministic effects are those believed to occur only at
x-ray doses above certain thresholds. Both the probabil-
ity of inducing the effect and the severity of the effect
increase with dose after the threshold has been exceeded.
The probabilities of these effects are strongly related to
the stage of pregnancy at which the embryo/fetus is ex-
posed. All of the deterministic effects have been observed
after fetal doses of 100 rads (I Gy) or more. The exact
values of the thresholds for the deterministic effects are
not known. However, studies to date indicate that for acute
exposures of the whole body of the conceptus, the thresh-
olds for malformations and growth retardation may be in
the range of 10 to 20 rads (0.1 to 0.2 Gy); for mental
retardation, |10 to 20 rads (0.1 to 0.2 Gy), or as high as
40 rads (0.4 Gy) if Down syndrome cases are excluded;
for decline in IQ, 10 rads (0.1 Gy); and for small head
size, as low as 5 rads (0.05 Gy).

Exposure During the First 2 Weeks of Pregnancy

The predominant deterministic effect due to exposure dur-
ing the first 2 weeks of pregnancy is resorption of the
embryo.
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Exposure During Weeks 2 To 8

The second to eighth week postconception is the period
of organogenesis. Significant x-ray exposure during this
period may result in teratogenesis (birth defects). Exam-
ples include gross malformation and growth retardation,
the latter of which can occur both at term and later at
adulthood. Neuropathology and small head size may also
occur as a result of significant exposures during weeks
2to 8.

Exposures During Weeks 8 To 15

The embryo has developed into a fetus at about the sev-
enth to eighth postconception week, and neurologic devel-
opment occurs during the next 7 weeks. Significant x-ray
exposure at this time (between weeks 8 and 15) may re-
sult in mental retardation, small head size, and decreased
1Q. Studies to date indicate that for acute exposures of the
whole body of the conceptus that exceed the respective
thresholds mentioned above, the risk for severe mental
retardation is 0.04 percent per mGy (0.4 percent per rad).
The decrease in IQ is 25 points per Gy (per 100 rads). The
risk for small head size is believed to be 0.05 to 0.1 percent
per mGy (0.5 to 1 percent per rad). Other possible but less
likely effects due to significant exposure during this period
include growth retardation as an adult and sterility. Even
less likely but still possible are cataracts, neuropathology,
and growth retardation at term.

Exposures Beyond Week 15

Most of the deterministic effects mentioned above are
either not observed or observed much less frequently
when the fetus receives significant radiation dose beyond
15 weeks postconception. Mental retardation has been ob-
served as a result of significant exposure during the eighth
to twenty-fifth weeks but not beyond. For exposures dur-
ing the sixteenth to twenty-fifth week, the risk for severe
mental retardation is ~0.02 percent per mGy (0.2 percent
per rad) with a threshold at 500 mGy (50 rads). Other
effects that have been observed because of exposure af-
ter week 15 include sterility and growth retardation as an
adult. Less likely effects that have been demonstrated are
cataracts, neuropathology, and growth retardation at term.

Risks of Deterministic Effects in Perspective

To better comprehend the actual risks involved with ex-
posure of the conceptus to doses at or above a threshold,
consider the case of mental retardation. When the fetus

receives an unusually high dose of 100 rads (1 Gy) dur-
ing the eighth to fifteenth weeks postconception, the fre-
quency of severe mental retardation is 43 percent.?’ This
is 100 times greater than the 0.4 percent frequency of se-
vere mental retardation due to natural causes.’ On the
other hand, if the fetus were to receive a dose of 10 rads
(0.1 Gy), which iscloser to the threshold for severe mental
retardation due to radiation exposure during this period,
the frequency of severe mental retardation is about 4 per-
cent. While it is true that this frequency is 10 times that
due to natural causes, one must also consider that there
is about a 96 percent chance that the person will not be
severely mentally retarded subsequent to receiving such
a dose in utero. Furthermore, had the 10-rad x-ray dose
beenreceived 16 to 25 weeks after conception, the relative
risk of severe mental retardation due to radiation exposure
would have been extremely low because this dose is less
than the 50-rad threshold for this time period. Another ex-
ample is small head size. The natural incidence is about
4 percent.?' A whole-body dose of 10 rads (0.1 Gy) to a
fetus 4 to 7 weeks after conception increases the incidence
to about 9 percent (a 91 percent chance of not having a
small head size).3? If this dose is received 9 to 11 weeks
postconception, the risk of small head size increases to
about 13 percent (an 87 percent chance of not having a
small head size).3? The exact thresholds and risks are still
a matter of debate, and the values citedabove arenot to be
taken as absolutes, but as reasonable estimates that may
be revised with further studies.

Stochastic Effects

Stochastic effects have no threshold. They occur at ran-
dom with a probability that increases with radiation dose.
Interestingly, the severity of the effect is unrelated to
dose, indicating that radiation triggers a disease process
“whose ultimate course is determined by other factors in
the individual.”® The most prevalent stochastic effects are
induction of cancer and genetic mutations in future gen-
erations. The probabilities of these effects are quite low.
In fact, the most recent analyses of Japanese A-bomb sur-
vivors who were exposed in utero show no significant
increase in rates of childhood or adult cancer.3*3
Furthermore, no radiation-induced genetic effects have
been observed in the births of the Japanese A-bomb sur-
vivors. Because of the uncertainties involved in estimating
risks, experts believe it is reasonable to assume that “the
embryo or fetus is as susceptible to the carcinogenic ef-
fects of radiation as the young child ...viz. 10 x 1072
Sv~!'” or 1/1000 per rem and that “the embryo, fetus and
nursing child are as sensitive to induction of hereditary
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effects as the adult ...viz. 1 x 1072 Sv='""26 or 1/10,000
per rem.

Risks of Stochastic Effects in Perspective

To put the risks of stochastic effects in perspective, con-
sider the increase in the probability that a fetus exposed to
10rem (0.1 Sv) will develop cancer in his or her lifetime.
This increase is about 0.01. If this increase is added to
the normal probability of developing cancer during one’s
lifetime, which is 0.20, the overall risk increases from 20
to 21 percent, which is relatively insignificant.

Risks to the Ovaries

High x-ray dose to the ovaries is of concern. According
to Bushong,3¢ the sensitivity of the ovaries to x-ray radi-
ation varies with age. The sensitivity starts out very high
during fetal life and early childhood, at which time the ir-
radiation causes the ovaries to reduce in size due to germ
cell death. The radiation sensitivity declines to a minimum
between the ages of 20 and 30 years old, and subsequently
increases. X-ray doses as low as 10 rads to the ovaries of
a mature woman can result in a delay in menstruation as
well as a reduction in ovary size, and doses of 200 rads
can cause temporary infertility. An extremely high dose
of 500 rads is required to produce permanent sterility. In
addition to infertility, another danger of x-ray dose to the
ovaries is genetic mutations. Although such effects have
been observed in animal experiments at doses of about 25
to 50 rads, there is little if any evidence of this effect in
humans. In fact, the latest analyses of the Hiroshima and
Nagasaki data show the genetic risk is measured at
approximately 107/rad, and the somatic risk is even
less when exposure occurs before conception [Stewart C.
Bushong, Sc.D., Baylor College of Medicine, personal
communication]. Therefore some experts believe there is
no reason to abstain from procreation for a period of time
after the ovaries are exposed to x-rays. Others, however,
choose to err on the side of caution based on animal data
that suggest oocytes can repair genetic damage as they
mature to ova, and recommend “that 6 months be allowed
to elapse between the exposure to radiation and a planned
conception, to minimize the genetic consequence.” In par-
ticular, they state that this “would be good advice to a per-
son accidentally exposed to, say 0.1 Gy (10rad), to young
patients with Hodgkin’s disease receiving radiotherapy, or
even to patients subjected to diagnostic x-ray procedures
involving the lumbar spine or the lower gastrointestinal
tract, in which a large exposure is used and the gonads
must be included within the radiation field.”*’
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BIOLOGICAL RISKS ASSOCIATED WITH
NONIONIZING IMAGING MODALITIES

Although the risks to the fetus are relatively small from
the ionization produced in diagnostic examinations with
x-rays, it is possible to avoid those risks entirely by em-
ploying a nonionizing imaging modality such as ultra-
sound or MRI. These alternative modalities (in particular,
ultrasound) have been found to be relatively free of risk.
The risks of ultrasound and MRI are described below.

Risks of Ultrasound Examinations

Although no ultrasonically induced adverse bioeffects
have beenreported during the approximately four decades
that ultrasonography has been used clinically, at suffi-
ciently high exposure levels, ultrasound has been demon-
strated to produce changes in living systems.
Ultrasonography involves the transmission of high-
frequency pressure waves into the body and the recep-
tion of echoes (reflections and scatter) from interfaces
and regions characterized by variations in compressibil-
ity and/or mass density. The interaction of the ultrasonic
waves with tissues can produce heating and/or cavitation.
Heating results from the absorption of ultrasound en-
ergy by tissues. The absorption is highly dependent upon
the tissue type and ultrasonic frequency. For example,
fluids such as amniotic fluid, blood, and urine absorb
almost no ultrasound energy. Soft tissues attenuate (ab-
sorb and scatter) a typical (5-MHz) ultrasound beam by
about 50 percent for every centimeter traveled (e.g., in-
tensity is ~50 percent after 1 cm, ~25 percent after 2 cm,
etc.). Cartilage absorbs more than soft tissue, and bone
is the most absorbing tissue. Fetal bone absorption de-
pends upon the degree of ossification. Ultrasonic absorp-
tion and scatter increase in all tissues as the ultrasonic fre-
quency is increased (e.g., greater absorption for 5 MHz
than 3.5 MHz). In scanning a pregnant woman, one of
the potential concerns is significant temperature rises at
or near the fetal bone due to its high absorption coeffi-
cient. Indeed, if one neglects the pulsed nature of ultra-
sound employed in imaging and the cooling effects of
local blood flow and assumes an ultrasound power level
near the maximum employed clinically, temperature rises
of about 4°C (7.2°F) are possib]e.38 This is very close to
the temperature rise of 5°C (9°F) that has been associated
with cell killing. The low duty factor of the pulsed beam
(pulses “on” about 0.5 to 1.0 percent of the time) and the
local blood flow make such temperature rises extremely
unlikely. Cavitation is a general term used to describe
the generation, growth, oscillation, and possible collapse
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of microbubbles in tissues.’® The generation of new mi-
crobubbles and growth of existing microbubbles is due to
the negative pressure (rarefaction) part of the ultrasound
wave. Cavitation is unlikely to produce a significant ad-
verse biological effect unless the cavitation is widespread
over an organ or tissue. To date, there is no evidence
that diagnostic ultrasound examinations have resulted in
cavitation in humans.*

In the interest of keeping the ultrasound exposure to
the patient as low as reasonably achievable, manufactur-
ers are now incorporating in diagnostic ultrasound equip-
ment real-time display of indexes related to the potential
forbioeffects. Establishment of these indexes is the result
of a joint effort by the National Equipment Manufacturers
Association (NEMA), the FDA, and the American Insti-
tute of Ultrasound in Medicine (AIUM).?® Two types of
indexes may be displayed: a thermal index (TI), which is
related to potential temperature increase, and a mechani-
cal index (MI), which is related to potential cavitation.
Both types are relative. For example, a thermal index of
2 does not indicate a temperature rise of 2°C. Rather, it
indicates a temperature rise twice as great as that for a
thermal index of 1.

Furthermore, the fact that an index is displayed does not
mean that temperature rise or cavitation is actually occur-
ring. Many other factors such as tissue types, intervening
layers of absorbing or nonabsorbing tissues, ultrasound
beam focus and tissue perfusion may alter the bioeffects.
In terms of official recommendations, in March 1997 the
AIUM approved the following official statement on the
clinical safety of diagnostic ultrasound:*°

Diagnostic ultrasound has been in use since the
late 1950s. Given its known benefits and recognized
efficacy for medical diagnosis, including use dur-
ing human pregnancy, American Institute of Ul-
trasound in Medicine herein addresses the clinical
safety of such use: There are no confirmed bio-
logical effects on patients or instrument operators
caused by exposures from present diagnostic ultra-
sound instruments. Although the possibility exists
that such biological effects may be identified in the
future, current data indicate that the benefits to pa-
tients of the prudent use of diagnostic ultrasound
outweigh the risks, if any, that may be present.

The most recent official statements from the AIUM
regarding the clinical use of ultrasound can be found at
the AIUM website (www.aium.org) in the consumer and
provider information section.

Risks of Magnetic Resonance
Imaging Examinations

In magnetic resonance imaging, the human body is placed
in a strong static magnetic field and exposed to radiofre-
quency fields as well as static and rapidly switching mag-
netic field gradients. The purpose of all these is to image
the distribution of hydrogen in the body and the rates at
which hydrogen atoms perturbed by radiofrequency (RF)
pulses at specific locations return to equilibrium (T1 and
T2 relaxation times).

The predominant sources of possible bioeffects from
MRI are (1) the static magnetic field of the MRI system,
(2) the gradient magnetic fields, (3) the RF electromag-
netic fields, (4) the combination of the three different elec-
tromagnetic fields, and (5) the imaging contrast agents.
Effects 1 through 3 have been reviewed comprehensively
by Hendee and Ritenour.®

The primary effect of the static field is the induction of
electrical potentials in the body. These result from blood
(a conductor) moving through the magnetic field. The
induced potentials are quite small (on the order of mil-
livolts) and do not have any known adverse effects. To
ensure that the effects from the static fields are minimal,
the FDA has established guidelines that restrict the inten-
sity of the static magnetic fields to less than or equal to
4.0 teslas.

Time-varying gradient fields on the order of 2 teslas
persecond (T/s) are fairly typical intoday’s images. Such
fields induce currents of about 10 to 30 mA/m? in the
body. Chronic exposure to currents of this magnitude can
result in changes in cell function, including variations in
cell growth rate, respiration, and metabolism, immune
response, and gene expression. However, patientexposure
to time-varying fields in MRI is of an acute nature, and
scan duration is orders of magnitude less than that which
hasbeenassociated with the above-mentioned effects. The
FDA guidelines recommend that the time-varying fields
be less than or equal to 20 T/s.

The RF pulses of energy to which the patient is exposed
during the “transmit” portion of the imaging cycle can
cause heating of tissue. The RF pulses induce electrical
currents in the tissues, and the resistance of the tissues
to these currents result in the conversion of the energy of
the currents to heat with an associated temperature rise.
While temperature rises of about 5°C (9°F) above body
core temperature are known to cause cell killing, typical
temperature elevation with clinical MRI is significantly
below this. The FDA guidelines require that the specific
absorptionrate (SAR) from RF pulses be less than4 W/kg
whole body for 15 minutes.
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It has been shownthatsome intravenous MRI contrast
agents cross the placenta and circulate through the fetus
several times as it swallows and excretes the amniotic
fluid. The rates of clearance of these contrastagents from
the amniotic fluid and the fetal circulation are unknown.
Therefore, some authors recommend against administer-
ing any MRI contrast agents to pregnant patients until
more data become available.*°

Theissue of the possible adverse bioeffects on pregnant
women of the MRI environment is reviewed extensively
in a recent book by Shellock and Kanal.*! They state that
there are two facts that make it nearly impossible to prove
the safety of MRI for pregnant women: (1) the many
possible combinations of the multiple risk factors asso-
ciated with the MRI environment and (2) the relatively
high spontaneous abortion rate in humans (>30 percent)
during the first trimester of pregnancy.

Shellock and Kanal reviewed the literature related to
MR procedures and pregnancy over a period of 20 years
(1973-1993). They point out that the evidence regarding
the bioeffects of the electromagnetic fields used in MRI
procedures, particularly on developing organisms, is con-
tradictory. At present, there is no conclusive evidence re-
garding any deleterious effects that MRI may have on the
developing fetus. It is well known, though, that cells un-
dergoing division are more susceptible to damage. Also,
a number of mechanisms exist with which the electro-
magnetic radiation used in MRI could be hazardous to
the developing fetus. Therefore, until further investiga-
tions prove otherwise they recommend that MRI be used
with caution during pregnancy, especially during the first
trimester.*!

In terms of official recommendations, the Policies,
Guidelines, and Recommendations for MR Imaging Safety
and Patient M anagement issued by the Safety Committee
of the Society for Magnetic Resonance Imaging*? states:

MR imaging may be used in pregnant women
if other nonionizing forms of diagnostic imag-
ing are inadequate or if the examination provides
important information that would otherwise re-
quire exposure to ionizing radiation (e.g., fluo-
roscopy, CT, etc.). It is recommended that preg-
nant patients be informed that, to date, there has
been no indication that the use of clinical MR imag-
ing during pregnancy has produced deleterious ef-
fects. However, as noted by the FDA, the safety
of MR imaging during pregnancy has not been
proved.

Furthermore, the International Non-Ionizing Radiation
Committee of the International Radiation Protection As-
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sociation has issued an article entitled “Protection of the
patient undergoing a magnetic resonance examination,”*?

in which the following is stated:

There is no firm evidence that mammalian em-
bryos are sensitive to the magnetic fields encoun-
tered in magnetic resonance systems. However,
pending the accumulation of more data regard-
ing MR in pregnancy, it is recommended that elec-
tive examination of pregnant women should be
postponed until after the first trimester. Because
ultrasound is the modality of choice for fetal and
uterine examination during pregnancy, an MR
examination should be limited to cases in which
unique diagnostic information can be obtained.
Exposure duration should be reduced to the min-
imum consistent with obtaining useful diagnostic
information.

Additional information regarding the safety of MRI
procedures can be found at the FDA’s web page: http://
www.fda.gov/cdrh/, by performing a search using the key-
words “MRI” and “safety.” Another good reference for
MRI safety information is the website http://fmrib.ox.ac.
uk/~peter j/safety_docs/.

PREGNANT PATIENT POLICY

It is recommended thatall clinics and institutions adopt a
policy to follow when a pregnant or potentially pregnant
patient presents for a possible x-ray procedure. An exam-
ple of a step-by-step flowchart section of such a policy is
shown in Fig. Al-1.

Most of this flowchart should be self-explanatory.
The recommendation to proceed with an elective
x-ray procedure when O to 28 days have passed since
the beginning of the last menstrual period is based on
an International Commission on Radiological Protection
(ICRP) recommendation,* which states in part: “The ef-
fects on the conceptus of exposure to radiation depend on
when the exposure occurs relative to conception. Expo-
sure of the embryo in the first 3 weeks following concep-
tion is not likely to result in deterministic or stochastic
effects after birth.” Methods that can be employed to re-
duce x-ray dose include (1) use of a higher x-ray tube
voltage (kVp) technique in both radiography and fluo-
roscopy, (2) employment of a technique without a grid
in both fluoroscopy and radiography, (3) employment of
a higher-speed screen-film combination in radiography,
(4) operation of fluoroscopy equipment in a pulsed mode
at a lower pulse rate if available (e.g., the dose for
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Radiologist

Ask all reproductive age female patients:
”Is there any possibility you could be pregnant?”

Proceed with exam.

(Place lead shield over gonad region
if gonads are within 12 inches from
the edge of primary radiation field,
and shielding will not impair

diagnosis.)

or lower abdomen region?

Will the x-ray exam expose the pelvis

No

Proceed with exam. Use
lead shielding over lower
abdomen.

l

Yes

l

Notify
radiologist.

!

Radiologist.

il

Consul

is the exam an elective procedure?

t with referring physician:

How many days since
start of last period?

z

0-28 days.
Proceed with
exam.

More than 28 days.

A more thorough menstrual history
or pregnancy test should be
obtained. If possibly pregnant,
postpone the exam if estimated
conceptus dose > 1 rad.

Proceed with exam. If
pregnancy cannot be ruled out,
advise patient that need for
exam outweighs low risk to
embryo or fetus. Discuss risks
involved. If exam can be
modified to reduce dose
without significantly reducing
diagnostic quality, do so.
Alternative modalities (e.g.,
ultrasound) should be
considered if they can provide
desired information.

Fig. A1-1. Flowchart for x-ray imaging of reproductive-age women.
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7.5 pulses per second is about one-fourth the dose for
30 pulses per second), (5) use of greater TV camera gain
in fluoroscopy, and (6) use of larger fields of view in fluo-
roscopy. All of these methods have disadvantages in terms
of reducing image quality. For example, use of higher-kVp
techniques, greater fluoroscopic TV camera gain, removal
of the scatter-reducing grid, and lower fluoroscopic pulse
rates will all result in degraded image contrast. Use of
higher-speed screen-film combinations and larger fluoro-
scopic fields of view will result in degraded spatial reso-
lution. Physicians must decide upon the amount and type
of image degradation they are willing to accept before
choosing to use one of the dose-reduction techniques.
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Appendix 2

Collection and Transport
of Gynecologic
Microbiologic Specimens

Carl L. Pierson

GENERAL CONSIDERATIONS
REGARDING SPECIMEN COLLECTION
AND WORKING WITH THE DIAGNOSTIC
LABORATORY

Proper collection and handling of microbiology speci-
mens requires the collector to know which infectious
agents may be present in the sample, and to have some un-
derstanding of the procedures that will be used in the mi-
crobiology laboratory to detect theseagents oncethe spec-
imen is received (Table A2-1). Culture continues to be
an important method used to detect potential pathogens;
therefore, when this method is used, the organism must
be received in a viable state. With very few exceptions,
specimens consisting of bodily fluids or tissues are su-
perior to swabs for the isolation of infectious agents. As
more molecular diagnostic techniques are developed and
adapted for clinical laboratory use, the preservation of
specific target molecules in the specimen is becoming an
important consideration and usually requires that the spec-
imen be placed in a specially designed transport device.
These devices frequently are specific for acommercial kit
or instrument being used in a laboratory, and a substitute
collection device may yield an erroneous test result.
Thecollectormust also be aware of the time it may take
a specimen to get from the collection point to the testing
laboratory as well as the transport conditions. If the spec-
imen will arrive within | to 2 hours, room temperature
transport may be satisfactory; however, if the specimen
may set overnight or require prolonged transport, cold
storage and transport may be required. Specimens sent
for wet mount examination (e.g., for Trichomonas vagi-
nalis) need to be examined within 30 minutes of collection
to detect motility. Information provided on the accompa-
nying requisition is usually the only information that the
laboratory will receive prior to processing the sample;
therefore, the requisition should be carefully completed
and include pertinent clinical information that may assist
the technologists. Including a probable diagnosis with a
suspected etiologic agent can significantly alter a set-up

routine. It also gives the technologist an opportunity to
match the requested test with the specimen received for
appropriateness. Can the test be done from the sample re-
ceived? If not, the practitioner should be contacted in a
timely manner and specimen requirements discussed so
that less time is wasted; there may still be time to take an-
other specimen. When in doubt, it is advisable to contact
the laboratory and discuss specimen requirements. This
is one of the most underused services provided by labo-
ratory personnel, and such contact can prevent a consid-
erable amount of frustration and unnecessary expenditure
of time and effort for all parties. Also, if the exact test
desired is not obvious from the requisition, there is usu-
ally space available to write in which tests are needed,
or to indicate the organism(s) suspected. If the receiving
laboratory does not perform the requested test, the speci-
men should automatically be sent to a certified reference
laboratory that does. The Food and Drug Administration
(FDA) requires that the actual laboratory performing the
test be identified on the issued report.

Most laboratories provide their clients with handbooks
or websites that should provide the necessary informa-
tion and instructions for proper collection and transport
of specimens. Having such information available on site
can be very helpful and may decrease the frequency of re-
jected specimens and increase the probability of detecting
the etiologic agent.

INFECTIOUS LESIONS OF
THE EXTERNAL GENITALIA

Herpes Simplex Virus Types 1 and 2

The most commonly used methods for the laboratory di-
agnosis of herpetic infections are culture and direct anti-
gen testing. Vesicular or pustular fluid usually contains a
high concentration of virus particles that can be collected
either with a swab or by needle aspiration. As the lesion
ulcerates and then crusts over, the number of viable viri-
ons decreases; therefore samples taken from older lesions
may result in a false-negative culture (Fig. A2-1).

To send a specimen for culture, the skin covering the
vesicle should first be cleaned with water or saline, not
with alcohol or iodine compounds that may inhibit viral
replication. Vesicular fluid can be aspirated with a tuber-
culin syringe fitted with a 26-gauge needle. Optimally,
the fluid should be placed into viral transport medium
and sent to the virology laboratory on ice. Alternatively,
the aspirated fluid can be pulled into the syringe barrel,
the needle removed and discarded appropriately, and the
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Table A2-1. Collection and Transport of Specimens from the Female Genital Tract

Probable Optimal Lab Test Appropriate
Clinical Condition Organism(s) Collection Site Method Collection Method Transport
External genital HSV Vesicle/lesion base Culture/DFA Syringe/Dacron On ice
lesions swab
HPV Condyloma DNA hybridization Biopsy (not usually
necessary)
T. pallidum Chancre (soft) Dark field/DFA Aspiration/scraping Saline at RT
H. ducreyi Chancre (hard) Gram stain/culture Swab of lesion base Aerobic transport
LGV Inguinal node Culture/DFA Aspiration of node Sucrose phosphate
medium
On ice
Granuloma Lesion Fixed tissue stains Biopsy In formalin
inguinale
Molluscum Lesion Fixed tissue stains Biopsy (not usually In formalin
contagiosum or viral culture necessary) Viral transport
medium
Bartholinitis N. gonorrhoeae Drainage from Culture w/Gram stain Collection of Aerobic transport

Vaginitis/vaginosis

C. trachomatis
Mixed aerobes/
anaerobes

Mixed aerobes/
anaerobes (BV)

Yeast

Vaginal exudate/
discharge

Trichomonas

Vaginal exudate/
discharge

duct or abscessed
gland

Vaginal exudate/
discharge

Culture/DFA
Aerobic culture
Anaerobic culture

Slide wet mount/
Gram stain

Wet mount/culture

exudate with
Dacron swab

Collection of
vaginal exudate

Saline washings

at RT

Sucrose phosphate
medium/kit
slide

Anaerobic

Transport at RT

Microscopic
examination at
point of care

10% KOH
pretreatment

Maintain washings
at RT

(Continues)



Table A2-1. (Continued) Collection and Transport of Specimens from the Female Genital Tract

Probable Optimal Lab Test Appropriate
Clinical Condition Organism(s) Collection Site Method Collection Method Transport
Toxic shock S. aureus Vagina Culture/toxin test Swab of exudate Aerobic transport
syndrome
Prenatal screening Group B Strep Vagina and Culture Swab of vagina and Send swab in
for Group B perirectal perirectal area selective Todd-
Strep Hewett, broth or
aerobic transport
Cervicitis N. gonorrhoeae Endocervix Culture/DNA Collect: exudate Sucrose phosphate
C. trachomatis Endocervix probe/EIA/NA endocervical medium/kit
amplification cells/urine transport devices
Upper genital tract N. gonorrhoeae Collection of tissue Culture/NA Tissue and/or fluids See above
infection C. trachomatis &/or fluids from amplification from site of
Mixed aerobes/ site of infection infection, or
anaerobes Dacron swab
Mycoplasmal Mycoplasmal

Ureaplasma

Ureaplasma;

Send swab in
balanced salt
with albumin
(e.g., M-4
medium)

DFA = Direct fluorescent antibody; EIA = Enzyme immunoassay; NA = nucleic acid; RT = room
temperature; BV = bacterial vaginosis.
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syringe capped and placed in ice for transport. (Syringes
with attached needles are considered a biohazard and are
no longer accepted in clinical laboratories.) If a swab is
to be used, the skin covering the vesicle must be removed
(unroofed). This can be done with a small-gauge needle. A
Dacron swab is then used to absorb the vesicular fluid. The
swab needs to be placed immediately into a viral transport
device that will maintain the specimen in moist condition.
The device should be placed on ice for transport to the vi-
rology laboratory for culture. Herpes simplex virus can be
stored under these conditions for at least 24 hours with-
out significant loss of cell culture infectivity. If an ulcer is
present, the base should be swabbed with a Dacron swab
and the swab placed in viral transport medium.

Directantigen testmethodsarerapid (testscan be com-
pleted within 1 to 2 hours following specimen receipt)
and do not require viable virions. Vesicular fluid col-
lected either by aspiration or swab can be tested using
rapid enzyme-linked antigen-capture methods.! Herpes
simplex virus antigens can also be detected directly by
harvesting cells from the base of the vesicle with a swab
and sending it to the laboratory. The technologist will
transfer the cells to a slide for special staining with spe-
cific fluoroscein-labeled antibody that can differentiate
between HSV types 1 and 2.? Nucleic acid detectionmeth-
ods using specific probes with or without initial amplifi-
cation are available, but are usually not required for the
detection of HSV in lesions of the skin or mucous mem-
branes; they are also considerably more expensive to use.

Histologic stains (Papanicolaou or Tzanck) can be
used, but are both insensitive and less specific. Solomon
and colleagues found that only 67 percent of vesicu-
lar lesions positive by culture were positive by Tzanck
stain.*

Fig. A2-1. Herpes simplex virus culture by
stage of lesion. (Modilied from Fife KH, Corey
L: Herpes simplex virus, in Holmes KK, Mardh
PA, Sparling PF, et al (eds): Sexually Transmit-
ted Diseases, 2d ed. New York: McGraw-Hill,
Crust 1990, p 942, with permission.)

Herpes simplex virus serology is of limited usefulness
for initial diagnosis. Blood collected during the course
of the infection may contain elevated IgM-class antibod-
ies that may aid in the diagnosis of a primary infection.
Serology is of little value in the diagnosis of recur-
rent HSV infections. Many of the standard serologic
tests available cannot be relied upon to accurately assess
whether the infection was caused by HSV type 1 or 2
due to cross-reactivity as a result of shared antigens.’ Re-
cently, however, serologic tests (immunoblot and ELISA)
using specific recombinant antigens have become avail-
able that can differentiate between anti-HSV 1 and anti-
HSV 2 antibodies.®

Human Papillomavirus

The human papillomavirus (HPV) family of viruses are
not cultivated in the clinical laboratory and viral antigens
may not be detectable in tissues. External genital warts,
also known as condyloma acuminata, are one manifesta-
tion of HPV that can be readily detected by hybridization
assaysthat use specific nucleotide probeslabeled with im-
munoperoxidases or fluorescent molecules. Probe sets for
detecting “high/intermediate risk” and “low-risk” geno-
types are available that can be run on urogenital speci-
mens collected by acervical sampler, biopsy, or by using
a liquid technique (e.g., ThinPrep™). Many diagnos-
tic laboratories test for only the “high/intermediate risk”
genotypes since it is these types that are more strongly as-
sociated with the eventual development of epithelial cell
transformation.”® Hybridization techniques can also be
used to determine the specific HPV type.” Assay sensitiv-
ity can be enhanced using nucleic acid amplification meth-
ods, such as the polymerase chain reaction (PCR).!0:!!
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Cytologic examination for the presence of koilocytes in
lesions is also quite specific but insensitive.'?

Specimens can be collected by biopsy or by scraping
the base of the lesion with a scalpel. The tissue should
be kept cold and transported to the laboratory in special
kit-specific transport fluid. The biopsy can also be frozen
and maintained at ~70°C (-94°F) during shipment using
dry ice.

Syphilis or Soft Chancre

Treponema pallidum is not cultivated in the clinical labo-
ratory. The laboratory diagnosis of 7. pallidum in lesions
of the skin or mucous membranesis made by direct micro-
scopic examination of serous exudate collected from the
base of the suspected lesion. Accumulated exudate should
be removed to expose the ulcer base prior to scraping. The
base is then gently scraped (e.g., with a scalpel blade)
to cause serous fluid to collect within the ulcer base. In
primary and early secondary syphilitic lesions, this fresh
exudate should contain viable treponemes. The exudate
is then collected and placed directly onto the surface of
a glass slide, covered with a coverslip and examined by
dark-field microscopy within minutes of collection for
detection of characteristic morphology and motility. The
organism is quite thin (~0.2 pm in diameter) and variable
in length (6 to 20 £m) with a helical morphology having
a wavelength of about 1 um. Freshly isolated organisms
may demonstrate a corkscrew type of motility coupled
with an undulating motion. The scrapings can also be sus-
pended in a tube containing a small amount (~0.5 mL) of
saline or nutrient broth available from the laboratory and
transported immediately to the laboratory atroom temper-
ature for immediate dark-field examination. Extreme care
should be taken in handling such samples since the spiro-
chetes in this state are highly infectious. A limited number
of laboratories have specific fluorescein-conjugated anti-
body (DFA-TP) that can detect nonviable 7. pallidum in
exudate which hasbeendried and fixed on a standard mi-
croscope slide. The inoculated slide can be transported to
the laboratory in a clean, dry container at room tempera-
ture.

Serology is the method by which most cases of syphilis
are diagnosed.' This is discussed in detail in Chap. 29.

Chancroid or Hard Chancre

Chancroid is caused by Haemophilus ducreyi. Chancroid
ulcers must be cleaned to reduce the amount of necrotic
exudate frequently present. A swab is then used to col-

lect residual exudate from the ulcer base or margin. The
laboratory will use the swab to prepare a slide for Gram
staining and to inoculate enriched, nonselective, and se-
lective blood-containing media.

Lymphogranuloma Venereum

Lymphogranuloma venereum (LGV) is caused by
Chlamydia trachomatis serotypes L1, 2, or 3. Its preva-
lence in the United States is very low; most cases are
imported. Samples of the ulcer can be obtained by biopsy
or swab and transported to the laboratory, preferably in a
sucrose phosphate solution, for culture in permissive cell
lines (e.g., McCoy or HeLa 229 cells). Calcium alginate-
containing swabs may be toxic to Chlamydia and should
not be used for collection.

Granuloma Inguinale or Donovanosis

Granuloma inguinale is caused by a gram-negative bacil-
lus currently classified as Calymmatobacterium granulo-
matis. Diagnosis is based on the appearance of donovan
bodies (bipolar-staining bacilli in tissue macrophages) in
Giemsa- or Wright-stained material collected from the le-
sions. Lesion biopsies can be submitted in a small amount
of saline or formalin if available.

Molluscum Contagiosum

Molluscum contagiosum virus is the etiologic agent and
it can be cultured; however, this is not attempted in the
typical clinical laboratory. The diagnosis is usually made
clinically based on the characteristic appearance of the
lesion, which presents as a 3- to 5-mm umbilicated, dome-
shaped papule. If culture is needed, biopsied tissue should
be sent to a special reference laboratory where the charac-
teristic cytopathic effect that occurs in selected cell lines
can be recognized.'* Lesion biopsies should be kept cold
in a moist saline environment during transport. No sero-
logic tests are currently available.

Bartholinitis or Infection of the Greater
Vestibular Gland or Duct

Since the ducts open onto the inner surface of the labia
minora, any organisms colonizing the vaginal mucosa
could cause infection of either the duct or the gland.
Usually specimens are submitted for detection of C. tra-
chomatis or Neisseria gonorrhoeae, but other aerobic and
anaerobic organisms may be involved.
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Table A2-2. Preparation of Vaginal Secretions for Wet Prep Examination

1. Collect vaginal secretions from middle third of the vaginal wall using a swab.

[ NN S )

. Roll swab onto nitrazine paper to obtain pH, then place into test tube with 1-2 mL of saline.

. Place one drop of fluid from swab onto each end of a clean microscope slide.

. Add one drop of 10% KOH to one of the two drops on the slide, noting any amine or fishy odor.
. Coverslip both drops, taking care not to intermix the two drops.

. Examine both drop areas using the low-power objective, noting:

a. Appearance of epithelial cells (look for clue cells)

Presence of WBCs
Motile trichomonads

(W B3 NEr

Fungal elements, pseudohyphae (easier to visualize in KOH-treated drop)
Background bacterial morphotypes, e.g., predominant rods, cocci, etc.

To collect exudate from the duct, decontaminate the
duct orifice with an iodine solution and collect the ex-
pressed exudate on a swab. Place the swab or aspirate in
an anaerobic transport medium and instruct the laboratory
to perform a Gram stain and process for C. trachomatis
and N. gonorrhoeae only on exudate from the duct. Con-
current endocervical specimens should be collected for
C. trachomatis and N. gonorrhoeae to improve diagnos-
tic sensitivity.

INFECTIONS OF THE VAGINA
Vaginitis/Vaginosis

The three most common infectious agents associated with
vaginitis/vaginosis are (1) mixed aerobic and anaerobic
bacteria associated with bacterial vaginosis; (2) yeast; and
(3) Trichomonas vaginalis. Diagnosis and management is
discussed in detail in Chap. 31 (see also Tables A2-2 and
A2-3).

Toxic Shock Syndrome

Toxic shock is usually caused by the proliferation of
Staphylococcus aureus in the vaginal mucosa and produc-
tion of a potent exotoxin designated TSST-1.!> A Dacron
swab can be used to collect vaginal exudate and be sent to
alaboratory for culture using an aerobic transport device.
The isolated organism can be sent to a reference labora-
tory that tests for toxigenic isolates. Streptococcus pyo-
genes has proved to be responsible for producing a toxic
shock-like syndrome.'® Isolation of S. pyogenes from this
body site should be reported to the clinician immediately.
Clinical management of toxic shock syndrome is covered
in Chap. 36.

Group B Streptococcus (Streptococcus
agalactiae)

Approximately 15 to 20 percent of women are colo-
nized with S. agalactiae and remain asymptomatic; there-
fore, culturing for this organism in normal, nonpregnant
women is of little clinical value. However, during preg-
nancy, urogenital antepartum carriage of S. agalactiae
may present a significant risk to the fetus during labor
and may cause neonatal sepsis, pneumonia, and meningi-
tis as well as postpartum endometritis. Therefore, pre- or
intrapartum screening for the presence of this organism
in the vagina or anorectal area is recommended.'”

To screen for S. agalactiae, use a single Dacron swab
to collect a specimen from the vaginal wall and perirectal
area. A speculum should not be used for this collection.
Foroptimal recovery, place the swab directly into a tube
of Todd-Hewitt broth or Lim medium.

CERVICITIS

Chlamydia Trachomatis Serotypes D
Through K

Chlamydia trachomatis is an obligate intracellular gram-
negative bacterium that primarily infects columnar and
cuboidal epithelial cells found within the endocervix, ure-
thra, and upper genital tract. Infection may be asymp-
tomatic initially, but they eventually can cause PID and
salpingitis, leading to diverse sequelae, including in-
fertility. Several methods are being employed to detect
C. trachomatis, including cell culture,'®' antigen capture
enzyme immunoassay (EIA),2 direct fluorescent mon-
oclonal antibody,?'?> DNA probe,~2* and nucleic acid
amplification techniques such as the PCR, the ligase chain



Table A2-3. Diagnostic Features of Infectious Vaginitis

Normal

Candidal Vaginitis

Bacterial Vaginosis

Trichomonas Vaginitis

Symptoms

Discharge
Amount

Color
Consistency

“Bubbles™
Appearance of vulva
and vagina

pH of vaginal fluid
Amine test (10% KOH)
Saline microscopy

10% KOH microscopy

None or physiologic
leukorrhea

Variable, scant to
moderate

Clear or white

Floccular
nonhomogeneous

Absent
Normal

<4.5:

Negative

Normal epithelial cell

Lactobacilli
predominate

Negative

Vulvar pruritus,
soreness, increased
discharge, dysuria,
dyspareunia

Scant to moderate

White
Clumped but variable

Absent

Introital and vulvar

erythema, edema and
occasional pustules,
vaginal erythma

<4.5

Negative

Normal flora,
blastospores (yeast),
40-50% pseudohyphae

Positive (60-90%)

Malodorous moderate
discharge

Moderate

White/gray

Homogeneous,
uniformly coating
walls

Present

No inflammation

>4.5

Positive

Clue cells,
coccobacillary flora
predominates,
absence of
leukocytes, motile
curved rods

Negative (except in
mixed infections)

Profuse purulent
discharge, offensive
odor, pruritus, and
dyspareunia

Profuse

Yellow
Homogeneous

Present

Erythema and swelling
of vulvar and
vaginal epithelium
(“strawberry cervix”)

5-6.0

Occasionally positive

PMNs+ + +

Motile trichomonads
(80-90%), no clue
cells, abnormal flora

Negative
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reaction,” and transcription-mediated amplification. For
optimal detection, the specimen must be collected and
transported using collection kits that are compatible with
the method of detection. Collecting specimens from both
endocervical and urethral sites improves diagnostic sen-
sitivity compared with that achieved by sampling either
site alone. Avoid sampling in the presence of lubricants,
which may cause false-negative test reactions.

For culture, columnar or transitional endocervical cells
containing infectious elementary bodies must be collected
using a Dacron swab (avoid calcium alginate swabs) and
transported in a preservative-free buffered sucrose phos-
phate solution. M-4 transport medium appears to be a good
choice for this purpose and the specimen can be used for
most amplification methods as well.

Theremaining detection methods do not require viable
organisms, but do require the use of special collection
and transport materials to preserve either target proteins
or nucleic acids. Once the specimen is in the appropriate
transport container, it is usually stable for several days—a
distinct advantage over culture when the specimen must
be sent to a distant reference laboratory. Methods that
employ amplification techniques can detect specific nu-
cleotide sequences shed in urine as well as endocervi-
cal specimens with increased sensitivity.23 Collection kits
are available for both specimen types and are specific
to the manufacturer of the kit (e.g., Roche Diagnostic
Systems, Branchburg, NJ, and Abbott Diagnostics, North
Chicago, IL).

Neisseria gonorrhoeae

The endocervix is the optimal site to sample for the di-
agnosis of N. gonorrhoeae. Additional sites to consider
are the urethra, anorectum, and oropharynx. The most
convenient collection method is by swab through a water-
lubricated speculum. Other lubricants may be bacterici-
dal. Excess mucus should be removed prior to collection,
since organisms in the mucus are frequently nonviable.
Microscopic examination of Gram-stained exudate can
be useful, but it should be followed up by culture. Errors
in interpretation are possible, since other organisms with
similar morphology may be present (e.g., other Neisseria
spp., Moraxella spp., and Acinetobacter spp.), but if intra-
cellular gram-negative diplococci are seen, a presumptive
diagnosis of gonorrhea can be made. Neisseria gonor-
rhoeae is arelatively fastidious bacterium that frequently
dies in transport unless it is maintained on nutrient media
in an elevated CO, atmosphere at room temperature.’®
Endocervical specimens collected by swab, especially
cotton-tipped swabs, and transported in the typical aer-

obic transport devices frequently yield false-negative cul-
ture results. Dacron or calcium alginate swabs are pre-
ferred. The swabs must be maintained in a moist environ-
ment atroom temperature and used to inoculate supportive
growth media within 12 hours of collection. Commercial
nutrient transport devices such as JEMBEC (Ames Co.,
Elkhart, IN), and Isocult, BioBag, and Gono-Pak (Becton
Dickinson Microbiology Systems, Cockeysville, MD)
contain selective growth media such as Thayer-Martin or
Martin-Lewis formulations, along with a CO,-generating
tablet that can be activated to maintain a favorable atmo-
sphere. These systems can be incubated on site if transport
is to be delayed.

Alternative methods for direct detection of specific
antigens and nucleic acid sequences in endocervical and
urine specimens are now available. They are quite sen-
sitive and highly specific. These methods are similar
to those described above for the direct detection of
C. trachomatis and both agents can usually be detected
in a single specimen. Samples are to be collected and
transported according to kit instructions using kit-specific
materials. Currently these direct, nonculture methods can-
not be used if the organism is to be tested for antimicro-
bial susceptibility. Nonculture based methods may not be
acceptable for testing specimens collected from patients
who may have suffered sexual abuse. Checking with lo-
cal or state law enforcement agencies is recommended if
nonculture methods are used.
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Dermatologic Problems
Associated with
Pregnancy

Lisa L. May

KEY POINTS

Avoid these topical dermatologic agents in
pregnancy

Retinoids

Salicylic Acid

Tar compounds

Silver sulfadiazine

Podophyllin

Lindane

Topical fluorinated corticosteroids

Avoid these systemic dermatologic agents in
pregnancy

Tetracyclines

Sulfonamides

Retinoids

The cutaneous changes associated with pregnancy can be
divided into three major groups: physiologic changes of
pregnancy, dermatoses specific to pregnancy, and tumors
of pregnancy. Each of these topics is discussed in this
chapter.

TOPICAL AND SYSTEMIC
DERMATOLOGIC AGENTS IN PREGNANCY

As in the case of any treatment during pregnancy, cau-
tion must be used in selecting a medication because of
potential teratogenic or perinatal risks. A firm diagnosis
must be established and the potential risks of a given ther-
apy weighed carefully against potential benefits. This is
especially important in dermatology, where diseases may
be short-lived, have minimal morbidity, be cosmetic in
nature, or can have treatment delayed until after delivery.

Some of the topical preparations that should be
avoided in pregnancy include retinoids, salicylic acid, tar
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compounds, silver sulfadiazine (to large surface areas),
podophyllin, and lindane. Two case reports in the liter-
ature suggest topical retinoids can cause the same con-
genital malformations as those seen with Accutane®.!
Topical erythromycin and benzoyl peroxide can probably
be used safely during pregnancy.

Topical nonfluorinated corticosteroid use during preg-
nancy has not been associated with unfavorable outcomes.
Low-potency nonfluorinated topical corticosteroids are
thus considered safe and effective. Concern does exist,
however, over the application of fluorinated topical cor-
ticosteroids to large surface areas. The fluorinated glu-
cocorticoids more readily cross the placenta and may be
associated with a reduction in fetal growth.? Oral gluco-
corticoids like prednisone may be preferred over topical
therapy in instances in which large surface areas of skin
areinvolvedin the disease process (e.g., extensive allergic
contact dermatitis).

Commonly used oral medications that should be
avoided include tetracycline and related compounds as
well as sulfonamides (near term). Oral retinoids (Accu-
tane®) have devastating teratogenic effects and are con-
traindicated during pregnancy. Oral antihistamines are
probably safe to use during pregnancy.’

PHYSIOLOGIC CHANGES OF
THE SKIN IN PREGNANCY

Physiologic skin changes are usually only of esthetic con-
cern, tend to resolve postpartum, and rarely require treat-
ment during pregnancy. The three main types of physi-
ologic changes are hyperpigmentation, varicosities, and
hair changes (Table A3-1).

Hyperpigmentation is one of the most common find-
ings in pregnancy and is most pronounced on the areola,
external genitalia, and linea nigra (Fig. A3-1). Melasma,
the “mask of pregnancy,” is a specific type of hyperme-
lanosis that occurs as blotchy, irregular pigmentation on
the face. Melasma tends to be more pronounced in darker-
pigmented skin. It usually regresses by | year after deliv-
ery. As sunlight may play an etiologic role, sunscreens
should be used during pregnancy.? Oral contraceptives
can exacerbate melasma.* Thus patients with pregnancy-
associated melasma should be informed of this potential
risk, because melasma due to oral contraceptives tends
to be more persistent and less responsive to therapy.’
Melasma that persists after pregnancy can be treated with
any one or several of the following therapies: Retin-A®,
hydrocortisone, hydroquinones, azelaic acid, chemical
peels, or laser therapy.
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Table A3-1. Physiologic Skin Changes Associated
with Pregnancy

Localized hyperpigmentation
(areola, genitalia, linea nigra)
Melasma
Striae gravidarum
Vascular
Spider angiomas
Palmar erythema
Varicosities
Gingivitis
Hair
Thickening of scalp hair
Hirsutism
Postpartum telogen effluvium

Varicosities of the saphenous, vulval, and hemorrhoidal
veins are also quite common. Patients should be counseled
on ways to minimize these, including leg elevation, ex-
ercise, use of compression stockings, and avoidance of
prolonged standing or sitting.

Postpartum hair loss can be alarming. Postpartum
alopecia results from a telogen effluvium, which occurs
between | and 5 months after delivery. Patients should be
reassured that hair loss is actually a precursor of new hair
growth.

DERMATOSES SPECIFIC TO PREGNANCY
Herpes Gestationis

Alsoknown as pemphigoid gestationis, herpes gestationis
(HG) is a rare vesiculobullous dermatosis of pregnancy
sharing many features with bullous pemphigoid (Table
A3-2). The incidence is estimated to be between | per
1700 and 1 per 5000. It usually develops during the first
pregnancy but can begin during any pregnancy. When HG
occurs after the first pregnancy, itappears to coincide with
a change in sexual partners.” Herpes gestationis tends to
recur in subsequent pregnancies with an earlier onset and
more severe course. Flares with oral contraceptive use and
menses also occur.

This disorder typically begins in the second or third
trimester. Initially, intensely pruritic urticarial papules and
plaques develop. Tense vesicles and bullae form within
these plaques or on normal skin (Fig. A3-2). The lesions
may be annular or polycyclic or may even resemble ery-
thema multiforme. The majority of cases begin in the

e

Fig. A3-1. Linea nigra. The linea alba becomes darkened during
pregnancy and gradually resolves postpartum.

periumbilical region, with the abdomen, thighs, palms,
and soles most commonly affected. Mucous membranes
and the face are generally spared. These lesions will heal
without scarring; however, postinflammatory hyperpig-
mentation is common.

Herpes gestationis is an autoimmune vesiculobullous
disease in which antibodies capable of fixing complement
are directed against an 180-kDa basement membrane pro-
tein known as the bullous pemphigoid antigen-2.% The
inciting event that leads to antibody formation remains
unclear, but appears to be hormonally influenced.’

Differential Diagnosis

Herpes gestationis is the only pregnancy-associated der-
matosis with bulla formation. Other blistering disorders,
however, have been reported to begin during pregnancy.
These include pemphigus vulgaris, pemphigus foliaceous,
bullous drug eruption, and erythema multiforme. Bullous
impetigo can certainly occur in pregnancy as well. Bacte-
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Table A3-2. Dermatoses Specific to Pregnancy

Disorder Skin Lesion Treatment Maternal Outcome Fetal Outcome
Herpes Bullae Topical or systemic ~ Spontaneous clearing after 5% of newborns
gestationis steroids delivery; may reoccur with with lesions
subsequent pregnancies or
oral contraceptives
PUPPP Urticarial papules  Topical steroids Clears after delivery No complications
and plaques
Impetigo Erythema and Systemic steroids Hypocalcemia, Fetal morbidity,
herpetiformis pustules and antibiotics hyperphosphatemia mortality
hypoparathyroidism
Prurigo Papules Topical steroids Clears after delivery; may None
reoccur with subsequent
pregnancies
Pruritus None Antihistamines, If nausea, vomiting, epigastric ~ Fetal morbidity,
gravidarum cholestyramine discomfort, or abnormal mortality

liver enzymes, look for
serious hepatobiliary
disorders, HELLP
syndrome, or preeclampsia

HELLP syndrome = hemolysis, elevated liver enzymes, and low platelets; PUPPP = Pruritic urticarial

papules and plaques of pregnancy.

rial culture can be helpful; however, HG lesions can also
become secondarily infected. Thus culture should not be
the sole means of differentiating these two entities. Early
lesions of HG must also be distinguished from pruritic
urticarial papules and plaques of pregnancy (PUPPP).
PUPPP tends to appear predominantly in striae and to
spare the periumbilical area. There may be vesicles, but
bullae do not develop. Herpes gestationis may be differen-
tiated from all of the above-mentioned disorders by skin
biopsy for histology and direct immunofiuorescence.

Course and Prognosis

Once HG develops, the disease persists throughout the
remainder of the pregnancy. Although flaring around the
time of delivery is common, clearing of lesions is usually
complete by 3 months after delivery. Patients may have
long-lasting postinflammatory hyperpigmentation. Exac-
erbations may occur with menses, oral contraceptive use,
and repeat pregnancies. Maternal prognosis is excellent
in pemphigoid gestationis.

Less than 5 percent of newborns will develop vesicu-
lobullous lesions, and if they do occur, they are transient.
The question of fetal morbidity and mortality has been

debated. Although one report by Lawley and associates
showed an increase in fetal mortality,'® no other studies
have confirmed this. Otherstudies have shown an increase
in prematurity and infants that are small for gestational
age.''™"3 These patients need to be followed closely with
antepartum fetal testing. Itis notknown whether treatment
alters prognosis.

Treatment

Mild cases of HG can be treated with antihistamines and
topical corticosteroids. Prednisone, 40 to 60 mg/d orally
may be required in more severe disease. Complete ta-
pering should not be attempted until after delivery. The
patient may also require increased doses of prednisone in
the immediate postpartum period to control flaring of the
disease after delivery.’

Pruritic Urticarial Papules and
Plaques of Pregnancy (PUPPP)

Synonyms include polymorphic eruption of pregnancy,
toxemic rash of pregnancy, and papular dermatitis of
pregnancy. This skin condition is a benign pruritic skin
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Fig. A3-2. Herpes gestationis. A. Le-
sions often begin as urticarial plaques in
theperiumbilical area. B. Bullaeandero-
sions on the thighs. B

eruption of variable morphology that develops late in
pregnancy. PUPPP constitutes the most common dermato-
sis specific for pregnancy, with an incidence estimated at 1
in 160.'* This is a disease primarily of the first pregnancy,
and 80 percent of patients with PUPPP are primigravidas.

PUPPP tends to appear in the late third trimester, but
can begin any time from the second trimester to 1 week
postpartum. Intensely pruritic, blanchable, erythematous
papules and urticarial plaques develop acutely. About 40
percent of patients develop papulovesicles, 20 percent
have targetoid lesions, and 18 percent develop annular

or polycyclic plaques.'* The eruption is often confined
to the striae initially. It commonly extends to the thighs,
buttocks, upper arms, and lower thorax (Fig. A3-3). De-
spite the intense pruritus, excoriations are infrequent. No
systemic manifestations have been reported.

No evidence supports an autoimmune or hormonal eti-
ology. One theory is that the eruption is the result of
an inflammatory response to damaged connective tissue
in striae.'* This theory is based on the observation that
PUPPP is more likely to occur in patients with excessive
maternal and fetal weight gain and in twin pregnancies.
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Fig. A3-3. Pruritic urticarial papules and plaques of pregnancy.
Note the predominance of lesions within the striae, sparing

Differential Diagnosis

Herpes gestationis may initially be urticarial and thus be
confused with PUPPP. Another blistering disease, der-
matitis herpetiformis, presents as pruritic vesicles and can
be excluded by skin biopsy for histology and immunofiuo-
rescence. The targetoid lesions of PUPPP may also resem-
ble erythema multiforme. Unlike erythema multiforme,
PUPPP tends to spare the palms, soles, and oral mucosa.
Skin biopsy can help differentiate between PUPPP, ery-
thema multiforme, HG, and dermatitis herpetiformis. Sca-
bies can also present as itchy papules and vesicles and thus
must also be ruled out.

Course and Prognosis

Theeruption improvesin 2 to 3 weeks after onsetand usu-
ally clears quickly in the postpartum period. No maternal
or fetal complications have been reported.

Treatment

Topical corticosteroids and oral antihistamines are usually
sufficient to control symptoms. Occasionally, however,
oral prednisone may be required.

Impetigo Herpetiformis (Pustular Psoriasis
of Pregnancy)

Also known as pustular psoriasis of pregnancy, impetigo
herpetiformis (IH) is a rare form of pustular psoriasis with

the periumbilical area in this primigravida. The thighs are also
involved.

an acute onset without an antecedent history of psoriasis.’
It may be associated with severe maternal and fetal com-
plications. Impetigo herpetiformis is a misnomer in that
itis not related to either a bacterial or a herpesvirus infec-
tion. The etiology is unknown.

The onset of IH is usually in the third trimester, but it
has been reported to beginasearly asthe firstmonth.'> The
cutaneous eruption develops acutely and can be accompa-
nied by fever, malaise, nausea, diarrhea, lymphadenopa-
thy, and even tetany secondary to hypocalcemia. Impetigo
herpetiformis begins as slightly pruritic erythema that
rapidly enlarges anddevelopsrings of pustules at the mar-
gins (Fig. A3-4). The pustules break down in the center
to leave painful erosions. The eruption initially appears
on the thighs, groin, and other intertriginous surfaces and
then spreads to other parts of the body. Face, hands, and
feet are rarely involved.

Leukocytosis is a common finding. Hypocalcemia, hy-
perphosphatemia, and hypoparathyroidism have been re-
ported and should be checked in patients suspected of
having IH. Bacterial cultures of pustules are initially neg-
ative but are susceptible to secondary infection.

Differential Diagnosis

Herpes gestationis, dermatitis herpetiformis, impetigo,
and subcorneal pustular dermatosis have a clinical re-
semblance to IH and must be excluded. A skin biopsy
1s necessary to make the diagnosis.
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Fig. A3-4. Impetigo herpetiformis. Ery-
thematous plaques with pustules at the
periphery.

Course and Prognosis

IH tends to worsen as the pregnancy progresses. Resolu-
tion occurs rapidly after delivery or termination of preg-
nancy.

Prior to corticosteroids and antibiotics, maternal and
fetal or neonatal deaths were common. Maternal mortal-
ity is now rare; however, fetal mortality may be increased
despite control of the disease in the mother.'® The etiology
of the increased fetal mortality is not clear, although pla-
cental insufficiency has been suggested.!”

Treatment

Treatment consists of fluid and electrolyte replacement,
corticosteroids, antibiotics if secondary infection occurs,
and fetal monitoring. Prednisone, 60 to 80 mg/d orally
may be necessary. In severe cases with minimal response
to the interventions mentioned above and evidence of ma-
ternal compromise or fetal distress, termination of the
pregnancy may be indicated.'’

Prurigo of Pregnancy

Prurigo of pregnancy is anotherpruritic eruption that typ-
ically begins on the extremities in early pregnancy. Early-
onset prurigo of pregnancy, prurigo gestationis, papular
dermatosis of pregnancy, and pruritic folliculitis of preg-
nancy are grouped under this diagnosis. Prurigo of preg-
nancy has been estimated to involve about 1 in every 300
pregnancies.'® Its onset is usually during the second or

third trimester, in contrast to PUPPP, which tends to oc-
cur in the last several weeks of pregnancy. The etiology
is unknown.

Prurigo of pregnancy usually occurs on the exten-
sor surfaces of the extremities as discrete excoriated or
crusted papules (Fig. A3-5). Follicular involvement is
variable. Pustules may be seen but vesicles are not.

Differential Diagnosis

An earlier onset with a predilection for the extremities
and lack of involvement of the striae favor the diagno-
sis of prurigo of pregnancy over PUPP. Unlike PUPP, the
lesions of prurigo of pregnancy are often excoriated. If
primary lesions are not present, these excoriations should
be separated from cholestasis of pregnancy. Furthermore,
cutaneous disorders not specific to pregnancy also enter
into the diagnosis. In particular, scabies, contact dermati-
tis, and drug eruptions should be excluded.

Course and Prognosis

The eruption may continue for up to 3 months postpartum
and may recur during subsequent pregnancies.? Prurigo of
pregnancy is not associated with an increase in maternal
or fetal morbidity or mortality.

Treatment

Treatment is symptomatic and consists of emollients,
nonfluorinated topical corticosteroids, and oral antihis-
tamines.
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Intrahepatic Cholestasis of Pregnancy
(Pruritus Gravidarum)

Cholestasis of pregnancy is characterized by onset of gen-
eralized pruritus during pregnancy, no primary cutaneous
lesions, and can occur with or without jaundice. The an-
icteric form of cholestasis of pregnancy is often referred
to as pruritus gravidarum.' Jaundice develops in about
20 percent of cases.?’ Cholestasis of pregnancy is thought
to result from estrogen and progesterone interference with
hepatic conjugation and excretion of bile acids.?%' A ge-
netic predisposition appears to exist, and patients often

Fig. A3-5. Prurigo of pregnancy. Note the
excoriated discrete papules.

report a family history. It is uncommon in Asians and
African-Americans, but very common in Scandinavians
and Chileans.? Intrahepatic cholestasis is associated with
fetal prematurity, fetal distress, and increased perinatal
mortality.?

Differential Diagnosis

There are no primary cutaneous lesions. Thus if lesions
other than excoriations are present, one must search for an
alternative diagnosis. If pruritus is associated with nausea,

Fig. A3-6. Granuloma gravidarum. Bright
red papule located between incisors with
background gingivitis.
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vomiting, or epigastric distress; or if there are abnormal-
ities of hepatic enzymes, careful evaluation is necessary
because serious disorders such as hepatitis, cholecystitis,
cholelithiasis, acute fatty liver, HELLP syndrome, and
. ) . S I
preeclampsia are in the differential diagnosis.“~

Course and Prognosis

Pruritus gravidarum begins in the second or third trimester
and persists until delivery. Maternal complications are
low if liver function tests are normal. However, there is
increased fetal morbidity and mortality and close fetal
surveillance is necessary during pregnancy.?®?* Mater-
nal symptoms resolve rapidly after delivery; however, ab-
normal liver function tests may take weeks to return to
normal.'® The condition may recur with subsequent preg-
nancies and oral contraceptive use.

Treatment

In mildcases,emollients and antihistamines may be help-
ful. Cholestyramine (12 g/d in 3 to 4 divided doses) may
be helpful in some patients.?? Because it is not absorbed,
it is not harmful to the fetus; however, cholestyramine
prevents adsorption of fat-soluble vitamins (especially vi-
tamin K), so the prothrombin time should be monitored.
If the prothrombin time is prolonged, parenteral vitamin
K should be administered. Because of the potential for
fetal morbidity and mortality, close fetal surveillance is
necessary.

SKIN TUMORS ASSOCIATED
WITH PREGNANCY

Granuloma Gravidarum

Granuloma gravidarum is a pyogenic granuloma occur-
ring most commonly in the oral cavity. Ittypically presents
as a friable red papule or nodule on the gingival surface
next to a tooth or between two teeth (Fig. A3-6). Gingivitis
is often present. The treatment for these lesions is surgical
excision. Without treatment, the lesion usually regresses
postpartum.

Nevi and Malignant Melanoma

Nevi have been reported to undergo enlargement or color
change by patient history in approximately one-third
of pregnancies. When skin biopsies were performed on

these lesions, there was no statistically significant level
of atypia as compared with nonpregnant controls.?* This
finding implies that atypical change during pregnancy is
uncommon.? Nevertheless, changing pigmented lesions
or those with any atypical features should be biopsied to
rule out the possibility of malignant melanoma.

The influence of previous, current, and subsequent
pregnancies on the prognosis of malignant melanoma has
also been debated. Various studies have reported both in-
creases and decreases in maternal survival.?>?¢ Because
the likelihood of recurrence is greatest during the first
2 years after the diagnosis of melanoma is made, it has
been recommended that pregnancy be avoided during this
time.?
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Fig. A4-1. Management of the vaginal breech delivery. A. The
Pinard maneuver. The operator’s hand is placed behind the fetal
thigh, putting gentle pressure at the knee and allowing delivery
of the leg. B. A similar maneuver of the opposite leg. C. The
feet are grasped with the thumb and third finger over the lat-
eral malleolus and the second finger is placed between the two
ankles. D. With maternal expulsive efforts, the breech is deliv-
ered to the level of the umbilicus. The sacrum should be kept
anterior. E. Again, with maternal expulsive efforts, the infant is
delivered to the level of the clavicles, keeping the sacrum ante-
rior. Excessive outward traction by the operator will frequently

result in nuchal arms. F. The fetus is rotated 90° allowing vi-
sualization of the now anterior right arm. G. The arm is well
visualized and a single digit is used to deliver it. Delivery of
the opposite arm is accomplished by rotating the fetus 180° in a
clockwise direction and repeating the maneuver. H. Delivery of
the fetal vertex is accomplished by placing the operator’s fingers
over the maxillary processes of the fetus, keeping the body paral-
lel to the floor. The body should never be lifted above parallel to
prevent hyperextension of the neck. An assistant applies suprapu-
bic pressure, aiding flexion of the fetal head and accomplishing
delivery.
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Bradycardia (fetal), 129, 130z
Brain tumors, during pregnancy, 274
choriocarcinoma, 275t
glioma, 275¢
meningioma, 275t
pituitary adenoma, 275¢
BRCAI and BRCA2 genes, 381
Breast cellulitis, 383
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inhaled, 25¢, 164, 166-167, 166t
systemic, 25¢, 166¢

Cough, 156157
Cromolyn use in pregnancy, 25¢, 165t¢,
167, 170t
CT. See Computed tomography
Cuff abscess, 470 f
Culdocentesis, 8, 8 f
CUS (compressive ultrasound) for deep
venous thrombosis (DVT), 149
Cycle of Violence model (of intimate
partner violence), 488
Cycloserine use in pregnancy, 232t
Cystic fibrosis in pregnancy, 168,
170-171
Cystitis, acute uncomplicated
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Oxacillin use in pregnancy, 27t
Oxazepam use in pregnancy, 33t
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