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Paolo age 7
Present and participated in 6 EVAR

Chiara age 3.5
Present and participated in 4 EVAR and 5 TEVAR



Common Facts 
• Effects of Ionizing Radiation on the 

Fetus
– derived from animal studies
– human exposures to diagnostic and 

therapeutic radiation
– human exposure to atomic bomb radiation

• 1945      Hiroshima and Nagasaki 
• 1986      fallout of the Chernobyl nuclear power 

plant explosion



Risks of Ionizing Radiation 
During Pregnancy

• Related to the stage of pregnancy and 
adsorbed dose* 

• More significant during organogenesis and 
in the early fetal period, somewhat less in the 
2nd trimester, and least in the 3rd trimester 

* “Radiation Exposure and Pregnancy.”  Health Physics Society Fact Sheet found at 
http://hps.org/publicinformation/ate/faqs/pregnancyandradiationexposure.html

http://hps.org/publicinformation/ate/faqs/pregnancyandradiationexposure.html�


Effects of Ionizing Radiation on 
the Fetus

• Vary depending on the fetal stage of 
development and the magnitude of 
the doses*

• Different effects at each time frame 
during pregnancy**
– growth retardation, malignancies, and 

neurological effects such as small head 
size, severe mental retardation, 
intellectual deficit, and seizures ***

* Osei EK, et al. The British Journal of Radiology, 72 (1999), 773-780.
** Otake M, et al. RERF TR2-88. Japan:  Radiation Effects Research 
Foundation, 1988.
***  National Radiological Protection Board. Doc NRPB 1993;4:7-14.



Dose Equivalent to Embryo/ Fetus
• “ the licensee or registrant shall ensure that the 

dose equivalent to an embryo/fetus during the 
entire pregnancy, due to the occupational exposure 
of a declared pregnant woman, does not exceed 
five millisieverts (0.5 rems).”

• “The licensee or registrant shall make efforts to 
avoid substantial variation above a uniform 
monthly exposure rate to a declared pregnant 
woman so as to satisfy the limit in 105 CMR 
120.218 (A).”

The Department of Health Recommendations
120.218: Dose Equivalent to an Embryo/Fetus.  105 
CMR-320: Department of Public Health.

The Department of Health Recommendations



General Requirements Regarding 
Administrative Controls

• Fetal dose is influenced by operational factors 
– settings used on the automatic dose rate control 

system  
– magnification will reduce the field of view of the 

intensifier and the dose rate to the patient will increase
– quality of the tube
– electronic gain controls
– methods used by the manufacturer to control image 

clarity and dose rates*

* Osei EK, et al.  Fetal doses from radiological 
examinations.  The British Journal of Radiology, 72 
(1999), 773-780.



The Pregnant Operator
• Careful planning, understanding of the 

risks, and minimization of radiation dose 
can address many concerns regarding the 
pregnant operator 

• Education should be readily available to 
every woman operator of child-bearing 
potential.   



The Pregnant Operator
• In most cases, pregnant operators may safely 

perform procedures without the risk of fetal injury or 
death. 

• In general, malformations only occur above a 
threshold dose of 100-200 mGy (10,000-20,000 mrem) 
during a pregnancy* 

• All institutions are required to publish radiation 
safety standard operating procedures concerning 
pregnant operators
– state-to-state differences

* Kal HB, et al., Publication 84 Ned Tijdschr
Geneeskd. 2002 Feb 16;146(7):299-303. 



The Pregnant Operator

• Once a pregnancy declaration is made, or even 
before in some cases, the employee can request 
an additional badge to monitor fetal radiation. 

• This ‘abdominal’ badge (or ‘fetal’ badge) is worn 
in addition to the standard badge and is secured 
to the lower abdomen under a lead apron to 
estimate the dose received by fetus when 
protected by lead. 



Effort to Reduce Exposure 
• Radiation dose is cumulative 
• Minimizing fluoroscopy time
• Careful case planning to reduce unnecessary 

imaging, or using ultrasound guidance when 
possible, may be used as long as it does not 
affect patient care or interventional outcomes

• Stepping away (ideally more than six feet) 
away from the table, or even into the 
anteroom, during imaging runs 



Effort to Reduce Exposure 
• Doubling the distance between the operator and the 

radiation source will reduce the exposure by 4. 

• If the pregnant operator cannot step away from the 
table, movable lead shields should be employed and 
placed between the x-ray beam and the operator

• Collimation of the radiographic beam by using metal 
tubes, cones or diaphragms



ALARA 
• The principle of ALARA 

(as low as reasonably 
achievable) 

• Important practice in both 
pregnant and non-
pregnant operators 

• Reduce time and distance 
from the radiation source



Program Guidelines for Pregnant 
Vascular Surgeons, Fellows and 

Residents
• In 2010, over half of the medical students are 

women

• Standard guidelines are important 

• Despite the fact that women comprise 
approximately 50% of the average graduates 
they still occupy fewer than 25% of training 
positions in general surgery and less than 20% 
of the vascular fellowship positions

* Harris LM, et al. J Vasc Surg. 2007;45(4):846-848.
** Calligaro KD, et al. J Vasc Surg. 2004;40(5):978-984.



New Paradigm of Training in 
Vascular Surgery

• Attempt to increase the number of female vascular 
residents or fellows

• More efficient in instructing the vascular and 
endovascular surgery of today

• Hopefully be more attractive to women and men as it 
shortens considerably the years of training 
– only 18 female students that applied for the vascular 

residency in 2008; number almost doubled in 2009 with 33 
female applications



Written Policies Regarding 
Pregnancy and Vascular Training

• Lack of written policies causes confusion and frustration 
among candidates applying for and those already 
participating in a residency program. 

• Standardized policies to protect pregnant female residents, 
at least during the crucial weeks of gestation

• Written information regarding pregnancy and radiation can 
address concerns up front and prevent loss of potential 
candidates who are qualified to enter vascular residencies  
– recent survey among female medical students
– 31% expressed concerns regarding exposure to radiation that 

might affect their health and their childbearing potential



Written Policies Regarding 
Pregnancy and Vascular Training

• Reticent to ask about the existence of such a policy within 
the program fearing that would affect ranking

• Program that is viewed by women and men as “family 
friendly” and sensitive to work-family issues would be 
more attractive to the current generation of candidates 

• IDEAL:  clearly written safety guidelines regarding the 
amount of radiation permissible during pregnancy and 
options for fair redistribution of duties and rotations 
during pregnancy will guide residents throughout these 
years 



A clear acceptance of this type of 
policy by Vascular Surgery 

leadership will send a strong 
message to others 



A Proposal for Development of 
Guidelines 

• The development of guidelines can be 
initiated through the Program Directors of 
Vascular Surgery

• Contribution from the directors of the 
training programs is critical to developing 
fair and balanced guidelines and eventual 
implementation by the Society of Vascular 
Surgery 



First Step in Developing of 
Guidelines 

• Survey of 
– female trainees
– established female vascular surgeons
– program directors in vascular surgery 

• to determine current practices with 
respect to pregnancy and radiation 
exposure guidelines 



Radiation Safety Survey of APDVS Members

99 PD’s



Radiation Safety Survey of APDVS Members

Have pregnant F/R 
expressed concerns?

Can Pregnant F/R 
receive counseling re: 
rad exposure?

Are fluoro limits set for 
pregnant trainees?

9/32

23/32

8/32

23/32

22/32

24/32

Access to additional 
means of monitoring?

Would allow trainee 
to alter her schedule?

Access to additional 
means of rad reduction?



Radiation Safety Survey of APDVS Members



Radiation Safety Survey of APDVS Members



Radiation Safety Survey of SVS Female Members

Survey sent to 181 female vascular surgeons 



Radiation Safety Survey of SVS Female Members



Radiation Safety Survey of SVS 
Female Members



Radiation Safety Survey of SVS Female Members

Were you pregnant during you 
vascular training? 27/27

Did you perform Endo procedures 
during pregnancy?

Did you feel supported by 
institution during pregnancy to 
monitor flouro exposure?
Did you wear fetal badge?

Any complications that altered daily 
routine (skip procedures or limit call?

Did your program support you?

Were you treated fairly during 
pregnancy?

Work accommodations made to allow 
you to perform s/ stress on Fetus?

19/27

18/27

19/27

19/27

19/27

19/27

19/27



Radiation Safety Survey of SVS Female Members

Have you been pregnant while in 
practice? 

Did you perform Endo procedures 
during pregnancy?

Did you feel supported by 
institution during pregnancy to 
monitor flouro exposure?
Did you wear fetal badge?

Any complications that altered daily 
routine (skip procedures or limit call?

Did your program support you?

Were you treated fairly during 
pregnancy?

Work accommodations made to allow 
you to perform s/ stress on Fetus?

28/28

27/28

27/28

26/28

27/28

27/28

26/28

27/28



Radiation Safety Survey of SVS Female Members



Radiation Safety Survey of SVS 
Female Members



Radiation Safety Survey of SVS Female Members



Comments or Questions?



A Proposal for Development of 
Guidelines 

• The following principles should be considered
– Clear definition of occupational radiation dose limits 

during the 9- months of pregnancy
– Strict measures to decrease exposure during 

fluoroscopic procedure/exam including
• availability of maternity aprons to pregnant residents 
• Encouragement of low magnification use during the 

procedures and collimation.  
• Strict dosimetry and monitoring utilizing fetal monitoring 

badge and badge under lead in accordance with ALARA 
principles.



A Proposal for Development of 
Guidelines (con’t)

– Delineation of resident role when pregnant and 
redistribution of responsibilities

• pregnant residents should be reassigned to rotations not 
exposed to significant radiation at least for the crucial 
gestational weeks 

– Pregnant residents should be expected to participate 
fully in the residency

• adjustments in rotation schedule with an effort made to not 
detract from their experience or that of their co-residents

• all residents should be expected to make up for missed 
rotations and calls during pregnancy or maternity leave 
before they complete their training.



Radiation Safety Survey of SVS 
Female Members



Radiation Safety Survey of SVS 
Female Members



Radiation Safety Survey of SVS 
Female Members



Radiation Safety Survey of SVS 
Female Members



Radiation Safety Survey of SVS 
Female Members



Radiation Safety Survey of SVS 
Female Members
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