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Teratogen™® radiation pregnant All Topics &’ v Contents

Search R Its for “Terat I preg

Click on what you meant by radiation : radiation dosimetry, radiation therapy, radiation exposure

All Topics P
P Principles of teratology
Adutt Medication use in pregnancy

Pediatric Environmental agents

Summary and recammendations
Patient

Graphics Teratogenicity, preg ¥ licati and postnatal risks of antipsychotics,

benzodiazepines, lithium, and electroconvulsive therapy
Definition of a teratogen
Summary

Diagnostic imaging procedures during pregnancy
Effects of ionizing radiation an the fetus L\\)
Radiation basics
Summary and recommendations

Genetic and environmental causes of birth defects
Teratogens
Summary and recammendations

Pulmonary embolism in pregnancy: Epi

iology, |
Diagnastic algorithm
Summary and recammendations

Approach to congenital malformations
Teratalogy
Summary

Gestational breast cancer: Treatment
Treatment
Fregnancy after breast cancer
Surnmary and recammendations

Languages He

Welcome, Ditmanson Medical Foundation Chia i Chr Log i
Patient Info What's Mew PCUs Calculators Drug Interactio

Caollapse Results Hide Topic Outlin

Topic Outline Show Graphics (13)

SUMMARY AND RECOMMENDATIONS
INTRODUCTION

COMMON FEATURES OF CHROMOSOMAL
DISORDERS

STRUCTURAL CHROMOSOMAL
ABNORMALITIES

« Bondisjunction
« Maonallelic homologous recambination
« Inversions
« Deletions and duplications
* Translocations
SINGLE GEME DISORDERS
« Patterns of inheritance
- Autosomal dominant
- Autosomal recessive
Consanguinity
- #-linked conditions
+ Manifestations
NON-MENDELIAN PATTERNS OF INHERITANCE
« Unstable DMA and fragile X syndrome
= Imprinting
+ Mitachondrial inheritance
« Germline or gonadal mosaicism
« Multifactorial and polygenic traits
TERATOGENS
« Maternal illness
- Obesity
« Infection
« Drugs
« Physical and enviranmental agents
- Lead
- lanizing radiation
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EFFECTS OF IONIZING RADIATION ON THE FETUS

Overview — There are no studies in hurmans from which to derive data on risks of ionizing radiation: most of our infarmation is based upon case reports and extrapolation of data from investigations of survivors of the atomic bomb in Japan and the Chernobyl accident
[2-15]. Based on these data, the potential delsterious consequences of ionizing radiation can be divided into four categories [16.17]:

m Pregnancy loss (miscarriage, stillbirth)
n Malformation

n Disturbances of growth or development
m Mutagenic and carcinogenic effects

Exposure less than 0.05 Gy (3 rads) — Diagnostic imaging procedures typically expose the fetus to this level of radiation (table 1). There is NO evidence of an increased risk of fatal anomalies, intellectual disability, growth restriction, or pregnancy loss from ionizing
radiation at doses less than 0.05 Gy [18-20]. The margin of safety is augmented by the fact that most human expasures from diagnastic imaging wil be fractionated aver a perind of time; this type of exposure is less harmful than acute exposura [15]

Exposure 0.03 to 0.50 Gy (5 to 50 rads) — The threshold at which an increased risk of congenital malformations is observed in radiation exposed embryosfetuses has not been definitively determined. The evidence suggests the risk of malformations is increased at
doses above 0.10 Gy, whereas the risk hetween 0.05 and 0.10 Gy is less clear [24]. |t is important to note that even those diagnostic imaging procedures assacisted with high fetal radiation exposure (g, abdominal or pelvic CT, bariumn enema, cystourethrogram)
almost never expose the fetus to this level of radiation (table 1).

First 14 days after conception — The developing huran is most sensitive to the lethal effects of ionizing radiation during the first 14 days after conception. During this period, the radiation-exposed "embryo" either survives undamaged or is resorbed (termed the
“all or none" phenomenon) [25]. Radiation-induced teratogenesis, growth restriction, or carcinogenesis are not observed during this stage of development [18], presumably because of the pluripotent nature of each cell of the very early erbryo.

For human exposure, a conservative estimate of the threshold for death at this stage is more than 0.1 Gy rads (10 rads) [12]. A fetal dose of 1 Gy (100 rads) will likely kill 50 percent of embryos; the dose necessary to kill 100 percent of human embryos or fetuses
before 18 weeks of gestation is about 5 Gy (500 rads).

After the first 14 days — During the period of organogenesis (approximately 2 to 8 weeks after fertilization or 4 to 10 weeks after the last menstrual period), the embryo may be damaged as a result of radiation-induced cell death, disturbances in cell migration
and praliferation, or mitotic delay [26]. Lethality is rare.

The major sequelae of radiation damage at this stage are fetal growth restriction and congenital malformations, particularly of the central nernous system (eg, microcephaly, intellectual disability, gross eye abnormalities). Microcephaly is the most frequently cited
manifestation of radiation injury in utero [27]. In the absence of any of these findings, the presence of other types of malformations in humans should not be attributed to radiation exposure [18].

m Malformations — For the developing fetus under 16 weeks of gestation, the threshold for possible prenatal radiation effects is approximately 0.10 to 0.20 Gy (10 to 20 rads) [19]. After 16 weeks of gestation, the consensus of most researchers is that this
threshold is rmuch higher, at least 0.50 to 0.70 Gy (50 to 70 rads)

Mental retardation — Studies in survivars of the Hiroghima atomic bomb demonstrated that the risk of mental retardation and microcephaly was highest for radiation exposures at 8 to 15 weeks after conception [10]. The abnormalities were attributed to
alterations in neuranal development. Mo cases of severe intellectual disability were identified in the children of atomic bomb survivors who were exposed prior to & weeks or after 25 weeks following conception. The rigk appeared to be a linear function of dose,
with a threshold of 0,12 Gy (12 rads) at 8 to 15 weeks, and 0.21 Gy (21 rads) at 16 to 25 weeks [11-14].

In addition, at 8 to 15 weeks, the average 1Q loss was approximately 25 to 31 points per Gy (per 100 rads) above 0.1 Gy (10 rads), and the risk for severe intellectual disability was approximately 40 percent per Gy (per 100 rads) above 0.1 Gy (10 rads). By
comparison, at 16 to 25 weeks, the average |0 loss was approximately 13 to 21 points per Gy at doses above 0.7 Gy, and the risk of severe intellectual diability was approximately S percent per Gy above 0.7 Gy.

Growth restriction — Atomic bomb survivar data showed a permanent restriction of physical growth with increasing radiation dose, particularly above 1 Gy [19]. This was most pronounced when the exposure occurred in the first trimester. A 3 to 4 percent
reduction in height at age 18 occurred when the dose was greater than 1 Gy,
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Estimated average fetal radiation exposure from selected imaging studies performed on the mother during pregnancy

Procedure

Fetal dose {(mrad) for an average study

Chest radiograph (PA and lateral)
Abdominal plain film
Intravenous pyelogram
Barium enema

Cervical spine radiograph
Dorsal spine radiograph
Lurnbar spine radiograph
Lumbosacral area

Upper GI series

Hip and fermur radiograph
Dental radiograph
Mammography

Cerebral angiography

CT of the chest

CT of the abdomen

<1

200 to 300
400 to 900
700 to 1600
<1

=1

400 to 600
200 to 600
50 to 400
100 to 400
0.01
Megligible
<10

20

250

Perfusion lung scan with 99Tc
Wentilation lung scan
Pulmaonary angiography via fermoral route

Pulmonary angiography via brachial route

G6to 12
1to 19
221 to 374
=50

P& posterior-anterior; GI0 gastrointestinal; CT: computed tormography; 99Tc: techniticum-99,

Data fromn: Bentur ¥, fonizing and norionizing radiation in preghancy. In: Maternal-fetal toxicology, 2nd ed, Koren G (Ed), Marce! Dekker, New York, 2994, 0,515, ahd Guidelines on diagnosis and management of

actite pulmonary embolisin, Task Force oh Bulmonary Embolisin, European Society of Cardiology, Eur Heart 7 2000, 21:1301,
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Computed tomography — The fetal radiation dose from a CT scan is affected by several variables, including the number, location, and thickness of slices. When CT imaging i performed in pregnancy, using a narrow callimation and wide pitch (ie, the patient
maves through the scanner at & faster rate) results in & slightly reduced image quality, but provides & large reduction in radition exposure. Scanning protocols should also be modified. As an exarple, if perfarming & CT scan with contrast, the nurmber of acquisitions

can be reduced by eliminating the pracontrast series. (See "Principles of computed tomography af the chest')

Fetal radiation expasure during CT scans not invabing the abdamen or pelvis is minimal. As an example, the radiation expasure from matemal head CT is approvimately 2 mGy (200 mrad) for the mather and less than 0.10 mGY (10 mrad) for the fetus if the abdomen

is shiglded,

SUMMARY AND RECOMMENDATIONS

w Ideally, sermi-lective radiologic procedures are scheduled during the first 10 days (follicular phase) of the menstrual cycle. All waren of childbearing potential should be asked if they could be pregnant at the time of a radiologic exarination. If any doubt
exists, a pregnancy test should be obtained prior to the diagnostic procedure. The perceived risk of radiation exposure is much greater than the actual risk, but a full explanation of these risks to the wornan and her family is best given prior to, rather than after,

the exposure. (See Introduction’ above.)

w During pregnancy, ultrasound exarmination and magnetic resonance (MR) imaging are generally preferred to imaging modalties that invole ionizi

However, concem about the possible effects of ianizing radiation should not prevent medically indicated diagnostic procedures using the hest av

technigues can be employed to minimize the radiation dose. (See Effects of ionizing radiation on the fetus' above and 1ssues by type of dizgnosf

n Radiation risks should be discussed with the pregnant patient, including an explanation of the background population risk for miscariage, conge
wiell a5 the risk of developmental disarders. Consultation with a radiologist should be obtained to plan the optimum study using the least amount
the pregnancy. (See Effects of ionizing radiation on the fetus’ above and Fetal exposure fram common procedures” above.)

w At doses less than 0.05 Gy, there is no svidence of an increased risk of fetal anamalies, intellactual disability, growth restriction, ar pregnancy |

3000 background rate. (See Exposure less than 0.05 Gy (5 rads) above.)

n During the first 14 days after fertilization, intact survival or death are the most likely outcomes of radiation exposure above 0.05 Gy (3 rads). A co
conception’ above.)

n After the first 14 days, radiation exposure over 0.5 Gy may he associated with an increased risk of congenital malfarmations, growth restriction,
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Therapy RCT > Cohort > Case Control > Case Series

Diagnosis Prospective, blind comparison to gold standard

Etiology/Harm RCT > Cohort > Case Control > Case Series

Prognosis Cohort Study > Case Control > Case Series
Prevention RCT > Cohort Study > Case Control > Case Series
Clinical Exam Prospective, blind comparison to gold standard
Cost analysis economic analysis
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Oxford Centre for Evidence-Based Medicine 2011 Levels of Evidence

Question

Step 1
(Level 1*)

Step 2
(Level 2%*)

Step 3
(Level 3*)

Step 4
(Level 4*)

Step 5 (Level 5)

How common is the
problem?

surveys (or censuses)

Local and current random sample

Systematic review of surveys

that allow matching to local
circumstances**

Local non-random sample**

Case-series**

n/a

Is this diagnostic or

Systematic review

Individual cross sectional

Non-consecutive studies, or studies without

Case-control studies, or

Mechanism-based

hagomn Al cmmd malad -

PV PO S PN P N P e

What are the RARE
harms?
(Treatment Harms)

monitoring test of cross sectional studies with studies with consistently consistently applied reference standards** "poor or non-independent|reasoning
accurate? consistently applied reference applied reference standard and reference standard**

(Diagnosis) standard and blinding blinding

What will happen if [Systematic review Inception cohort studies Cohort study or control arm of randomized trial* [Case-series or case- n/a

control studies, or poor
quality prognostic cohort
study**

led cohort/follow-up

Case-series, case-control
studies, or historically
controlled studies**

Mechanism-based
reasoning

led cohort/follow-up

wrveillance) provided

bers to rule out a
3-term harms the
1st be sufficient.)**

Case-series, case-control,
or historically controlled
studies**

Mechanism-based
reasoning

lled cohort/follow-up

Case-series, case-control,
or historically controlled
studies**

Mechanism-based
reasoning

* Level may be graded down on the basis of study quality, imprecision, indirectness (study PICO does not match questions PICO), because of inconsistency between
studies, or because the absolute effect size is very small; Level may be graded up if there is a large or very large effect size.

** As always, a systematic review is generally better than an individual study.

How to cite the Levels of Evidence Table
OCEBM Levels of Evidence Working Group*. "The Oxford 2011 Levels of Evidence".
Oxford Centre for Evidence-Based Medicine. http://www.cebm.net/index.aspx?0=5653

* OCEBM Table of Evidence Working Group = Jeremy Howick, Iain Chalmers (James Lind Library), Paul Glasziou, Trish Greenhalgh, Carl Heneghan, Alessandro Liberati, Ivan Moschetti,
Bob Phillips, Hazel Thornton, Olive Goddard and Mary Hodgkinson
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The Lancet, Volume 300, Issue 7781, Pages 784 - 787, 14 October 1972
doi:10.1016/50140-6736(72)92145-9 (7) Cite or Link Using DOI

SMALL HEAD SIZE AFTER IN-UTERO EXPOSURE TO ATOMIC RADIATION

Robertw. Miller , WilliamT. Blot 1

Abstract

For the first time, dose estimates have been related to small head circumference induced by exposure in utero to the atomic
bomb. There vias a progressive increase with dose in the frequency of the abnormality among persons vhose mothers were
exposed before the eighteenth week of pregnancy. In Hiroshima the minimum dose-producing effect was 10-19 rad, but in
Nagasaki no effect vras observed under 150 rad. At maternal doses of 150 rad or more in both cities, small head circumference
vras often accompanied by mental retardation. The observations at lovr doses in Hiroshima are not directly applicable to medical
radiology because of the possible influence of neutrons (nil in Nagasaki) and perhaps to interactions writh other environmental
disturbances, more widespread in Hiroshima than in Nagasaki.

a Epidemiology Branch, National Cancer Institute, Bethesda, Maryland, U.5.A..
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= For the first time, dose estimates have been
related to small head circumference induced
by exposure in utero to the atomic bomb.

= There was a progressive increase with dose in
the frequency of the abnormality among
persons whose mothers were exposed before
the eighteenth week of pregnancy.
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= In Hiroshima the minimum dose- producmg
effect was 10-19 rad, but in Nagasaki no effect
was observed under 150 rad.

= At maternal doses of 150 rad or more in both
cities, small head circumference was often
accompanied by mental retardation.

= The observations at low doses in Hiroshima are
not directly applicable to medical radiology
because of the possible influence of neutrons (nil
in Nagasaki) and perhaps to interactions with
other environmental disturbances, more
widespread in Hiroshima than in Nagasaki.
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