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Abstract
AIM: To estimate the fetal radiation exposure using thermoluminescent dosimeters (TLD’s) in pregnant patients undergoing endoscopic retrograde cholangiopancreatography ( ERCPs) and assess its relevance. 

METHODS: Data on thirty-five therapeutic ERCPs conducted in pregnant patients from 2001 to 2009 were retrieved from a prospective database. Techniques to minimize fluoroscopy time were implemented and the fluoroscopy times captured. TLD’s were placed on the mother to estimate the fetal radiation exposure and the results were compared to the maximum allowed dose of radiation to the fetus (0.005 Gy). Obstetrics consultations were obtained and the fetus was monitored before and after the ERCP. Fluoroscopy was performed at 75 kVp. ERCP was performed with the patients supine by dedicated biliary endoscopists performing more than 500 cases a year. 

RESULTS: A total of 35 pregnant patients underwent ERCP and biliary sphincterotomy (14 in first trimester, 11 in second trimester, and 10 in third trimester). Mean maternal age was 25 years (range 16-37 years) and mean gestational age was 18.9 wk (range 4-35 wk). Mean fluoroscopy time was 0.15 min (range 0-1 min). For 23 women, the estimated fetal radiation exposure was almost negligible (< 0.0001 Gy) while for 8 women, it was within the 0.0001-0.0002 Gy range. Three women had an estimated fetal radiation exposure between 0.0002 and 0.0005 Gy and 1 woman had an estimated fetal radiation exposure greater than 0.0005 Gy. Complications included 2 post-sphincterotomy bleeds, 2 post-ERCPpancreatitis, and 1 fatal ARDS. One patient developed cholecystitis 2 d after ERCP. 

CONCLUSION: ERCP with modified techniques is safe during pregnancy, estimating the fetal radiation exposure from the fluoroscopy time or measuring it via TLD’s is unnecessary. 

© 2013 Baishideng. All rights reserved.
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INTRODUCTION
Choledocholithiasis can occur in as many as 12% of pregnant women and increases with gestational age[1]. It may be associated with cholangitis and/or gallstone pancreatitis, both of which have an increased morbidity for the mother and fetus[2]. Therefore choledocholithiasis is the most common indication for endoscopic retrograde cholangiopancreatography (ERCP) during pregnancy[3]. For pancreaticobiliary diseases in pregnancy, ERCP has been suggested as an effective alternative to surgery[4]. Suggestions have been made that ERCP is likely best performed during the second trimester, though the procedure appears reasonably safe to be performed throughout the entire period of pregnancy[5]. ERCP is currently exclusively indicated for therapeutic reasons in light of the endoscopic risks (such as bleeding, pancreatitis or perforation) as well as the ionizing radiation exposure to the fetus[6]. ERCPs are therapeutic when one or more of the following is performed: endoscopic sphincterotomy, removal of stones, stent placement, dilation of strictures. Efforts to minimize ionizing radiation, measured in rads (radiation absorbed dose)[5] or in rem (radiation equivalent man) or in international units gray (Gy)[7], should be undertaken. During neuron development, the threshold for malformations appears to be 0.001 Gy[5] and the overall maximum allowed dose of radiation to the fetus is 0.005 Gy[7]. The International Commission of Radiological Protections recommends specific calculations of fetal radiation exposure when doses are suspected to exceed the threshold of 0.01 Gy[8]. Our study sought to estimate the fetal radiation exposure using thermoluminescent dosimeters (TLD’s) in pregnant women undergoing therapeutic ERCP with modified techniques as well as look at the outcome of the ERCP in those patients. 

MATERIALS AND METHODS
All pregnant woman undergoing ERCP between 2001 to 2009 were captured in a dedicated prospective database. A total of thirty-five pregnant women were entered. The records were reviewed to determine the procedure indications and outcome in terms of success and eventual morbidity. Also, existing perinatal records were reviewed. The institutional review board approved the study protocol.

Preprocedure characteristics and evaluation
Pre-ERCP diagnosis included gallstone pancreatitis, choledocholithiasis, symptomatic cholelithiasis and cholangitis. Obstetrics consultations were obtained and the fetus was monitored before and after the ERCP. Antibiotics were administered prophylactically. The modified technique involved the patients being placed supine on the fluoroscopy table, and the lower abdomen and pelvis being shielded with a 0.5- to 1.0-mm thickness of lead or its equivalent[7]. The uterus was positioned outside the primary x-ray beam. Four pairs of TLD’s were taped to the skin; one pair on the abdomen over the uterus shielded by lead, one pair on the upper abdomen in the primary beam, one pair on the lower back beneath the uterus shielded by lead and one pair on the upper back in the primary beam.7 Fluoroscopy was performed at 75 kVp. A TLD reader was used and its readings were converted to milliards (mrads) of dose received at the skin surface by using a calibration curve[7]. TLDs on the upper back in the primary beam recorded the highest dose; about 10% of this dose was estimated to be the fetal dose[7]. The fetus was considered to be 10 cm from the posterior surface, and percentage depth dose at 10cm was taken as approximately 10%; the depth dose varies with body habitus and gestational age and hence the dose estimation was an approximation[7]. 

Endoscopic retrograde cholangiopancreatography techniques
ERCP was performed with the patients supine by dedicated biliary endoscopists performing more than 500 cases a year[7]7 Free biliary cannulation was obtained by using a sphincterotome and was confirmed by aspiration of bile, after which a biliary sphincterotomy was performed[7]. An 11.5-mm diameter retrieval balloon was advanced into the bile duct[7]. Contrast medium was injected, and a balloon occlusion cholangiogram was obtained to confirm the presence and location of stones, as well as cystic duct patency, after which the balloon was used to extract stones (Figures 1 and 2)[7]. 

RESULTS
A total of 35 pregnant patients underwent ERCP and biliary sphincterotomy (14 in first trimester, 11 in second trimester, and 10 in third trimester). Mean maternal age was 25 years (range 16-37 years) and mean gestational age was 18.9 wk (range 4-35 wk). Mean fluoroscopy time was 0.15 min (range 0-1 min). For 23 women, the estimated fetal radiation exposure was negligible (<0.0001 Gy) while for 8 women, it was within the 0.0001-0.0002 Gy range (Figure 3). Three women had an estimated fetal radiation exposure between 0.0002 and 0.0005 Gy and one woman had an etimated fetal radiation exposure greater than 0.0005 Gy. Mean values for biochemical tests obtained before ERCP were the following: aspartate aminotransferase 179 U/L (normal: 25-310 U/L); alanine aminotransferase 210 U/L (27-561 U/L); alkaline phosphatase 162 (44-394 U/L); and total bilirubin 2.4 mg/dL (0.2-5 mg/dL). Four patients prior to pregnancy had cholecystectomy, one patient had a cholecystectomy during the pregnancy and prior to ERCP, and four patients required cholecystectomy post-ERCP during their pregnancy.
The patients’ final diagnosis was made based on ERCP findings, that is, extraction of stone or stone fragments after biliary sphincterotomy. Final diagnosis included the following: choledocholithiasis, gallstone pancreatitis (14), cholelithiasis, microlithiasis, and cholestasis. Complications of the ERCP procedure included post-sphincterotomy bleeding in two patients (controlled by hemoclip placement), post-ERCP pancreatitis (pancreatitis that developed within a week after ERCP) in two patients that necessitated one and two days of hospitalization, and acute respiratory distress syndrome (ARDS) in one patient who passed away as a result. One patient had cholecystitis requiring laparoscopic cholecystectomy 2 d post-ERCP. Two patients had contractions post-ERCP that resolved with hydration and terbutaline administration, respectively. Four mothers were at term and 2 mo were preterm. Labor was induced in 2 mo with non eventful delivery.

DISCUSSION
The incidence of gallstone disease during pregnancy has been estimated to be between 4.5% to 12%[1,3]. Choledocholithiasis may lead to potentially life-threatening cholangitis and/or gallstone pancreatitis. Given the necessity of treating cholangitis and gallstone pancreatitis during pregnancy[3] with therapeutic ERCP, an estimate of the radiation exposure to the fetus from an uncomplicated ERCP procedure should be known. Several published studies have investigated post-ERCP complications (preterm births, pancreatitis, sphincterotomy bleed) in pregnant women with a few capturing the mean time of fluoroscopy. 
The mean fluoroscopy time was 14 s (range 1-48 s) and with use of TLDs the fetal radiation exposure was estimated to be 0.0004 Gy (range .00001-0.0018 Gy) in Kahaleh et al[7]. Despite there being a correlation between fluoroscopy time and radiation exposure, each fluoroscopy time corresponded with a wide range of radiation exposure. Complications included one post-sphincterotomy bleed and one post-ERCP pancreatitis. Two of the 17 women developed third-trimester preeclampsia, and labor was induced in both. Thirteen of the 15 patients who delivered were contacted and they confirmed that their child was in good health. Similar but limited complications were seen in Jamidar et al in 1995[9]. Twenty-three pregnant patients underwent a total of 29 ERCPs with one post-ERCP pancreatitis. Also, there was one spontaneous abortion (3 mo after ERCP) and one neonatal death; however, casual relationship to ERCP was not clear.
In Tang et al[10] in 2009, the largest retrospective study on ERCP in pregnant women, 68 ERCPs were performed on 65 pregnant women. The median fluoroscopy time was 1.45 min (range 0-7.2 min) and 11 patients (16%) had post-ERCP pancreatitis Term pregnancy was achieved in 53 patients (89.8%). Patients having ERCP in the first trimester had the lowest percentage of term pregnancy (73.3%) and the highest risk of preterm delivery (20.0%) and low-birth-weight newborns (21.4%). None of the 59 patients with long-term follow-up had spontaneous fetal loss, perinatal death, stillbirth, or fetal malformation.
Gupta et al[11] reported on one of the longest follow-up on fetal outcome after ERCP. Eighteen pregnant women underwent ERCP and sphincterotomy (4 in the first trimester, 6 in the second, and 8 in the third) in which the location of the cannula in the bile duct was confirmed using ultrasound guidance in 5 patients and bile aspiration in 2 patients. Indications included elective ERCP in 14 and symptomatic choledocholithiasis in 4. Complications included a postsphincterotomy bleed and a mild post-ERCP pancreatitis in another, who also had preterm delivery. Eleven of 18 patients had healthy children without any developmental or congenital abnormalities 11-year post ERCP follow-up. 
Tiwari et al[12] conducted a systematic review of 19 studies including 214 ERCPs in pregnant women and the procedure related complications included spontaneous abortion (0.9%), fetal distress (0.6%) and post procedure pancreatitis (4.6%). Preterm birth occurred in 4.6% with majority of the APGAR score greater than 8. Post-procedure pancreatitis risk factors include: young age, female sex, history of pancreatitis, sphincter of oddi dysfunction, difficult cannulation and precut sphincterotomy[6]. Thus, post-ERCP pancreatitis does not adversely affect pregnancy-related outcomes, as reported previously[10]. Cholecystectomy was performed in a few of the patients reviewed and most likely does not appear to lead to preterm delivery and low birth weight[10]. 
In a few studies, biliary stents were placed not only when residual stones or fragments were present, but also in an effort to limit total fluoroscopy time[10]. Farca et al[13] placed 10-French biliary stents without sphincterotomy in 10 patients, all of which had uncomplicated pregnancies and deliveries. Daas et al[4]in 2009 (17 ERCPs in 10 patients) placed plastic biliary stents when large (> 10 mm) biliary stones were encountered or when there was doubt regarding complete stone clearance. Fluoroscopy was used in 6 cases with mean exposure time of 8 s. Most of the 10 pregnant women in the study required repeat ERCPs with one woman receiving 3 subsequent ERCPs without fluoroscopy and had to return postpartum for a definitive stone extraction. 
Barthel et al[14] performed biliary sphincterotomy in 3 patients with gallstone pancreatitis despite the absence of choledocholithiasis; one patient had post-ERCP pancreatitis and none had recurrent pancreatitis and all pregnancies had healthy outcome. Tang et al[10] showed that prophylactic sphincterotomy during ERCP can effectively reduce the risk of recurrent biliary pancreatitis during pregnancy. Therefore, ERCP with biliary sphincterotomy was performed in all 35 patients in our study. 
Some have advocated eliminating radiation exposure by biliary cannulation with a sphincterotome, confirmation of access by bile aspiration[9] followed by sphincterotomy and stone extraction with a balloon catheter[5]. With this technique of using wire-guided cannulation techniques to achieve bile duct access without use of fluoroscopy[15], there is lack of ductal system definition and additional stones may be missed[5]. Importantly, aspiration of bile into the catheter does not necessarily confirm whether the CBD or the cystic duct has been cannulated[5]. Although it is important to minimize radiation exposure during ERCP, without fluoroscopy, residual stones or debris can be left in the CBD and might lead to recurrent cholangitis with more serious effects on both the fetus and mother[5]. 
In Sharma et al [16]in 2008, 11 pregnant women underwent biliary sphincterotomy and stenting without fluoroscopy and had definitive ERCP and stone clearance after pregnancy. One patient with large common bile duct stone required mechanical lithotripsy while another required surgery. Of note, the indication for the ERCP in the study was choledocholithiasis not cholangitis or gallstone pancreatitis which carry an increased mortality to the mother and fetus and likely necessitate definitive ERCP during the pregnancy. Further studies are required to prove that the clinical efficiency of nonradiating ERCP remains at the same level with conventional fluoroscopically guided ERCP[15]. Girotra et al[17]described an alternative management strategy to conventional ERCP in pregnant women with choledocholithiasis and cholangitis detected using EUS and choledochoscopy.
Fluoroscopy time can be utilized in ERCPs performed in pregnant patients and limiting fluoroscopy time is one of the most efficient methods to reduce radiation dose[3]. Lead shielding should be used[6] hard copy radiographs should be avoided[5] and anterior posterior beam projection should be used as it results in lower fetal dosing[6,8]. The radiation risks include fetal death, growth retardation especially during organogenesis and malformations[7]. Exposures over 0.001 Gy during neuron development and migration may be associated with microcephaly, mental retardation and childhood cancers[5]. The maximum allowed dose of radiation to the fetus is 0.005 Gy[7]. 
The International Commission of Radiological Protections recommends specific calculations of fetal radiation exposure when doses are suspected to exceed the threshold of 0.01 Gy[8]. Surprisingly, ERCP-induced fetal radiation exposure from ERCPs carried out in pregnant patients have been reported in the literature to vary from 0.0001 Gy to 0.003 Gy per procedure[1,3,7,9,18,19]. In our study, the ERCP-induced fetal radiation ranged from less than 0.0001 to greater than 0.0005 Gy. For the majority of the women (88.6%), the estimated fetal radiation exposure was no more than 0.0002 Gy; while only one woman’s estimated fetal radiation exposure was greater than 0.0005 Gy. The fetal radiation exposure values in our study are below the threshold established by the International Commission of Radiological Protections needing specific calculations of fetal radiation exposure and the maximum allowed dose of radiation to the fetus. 
Thus, for a routine ERCP with modified techniques, estimating the fetal radiation exposure from the fluoroscopy time and measuring it with the use of TLD’S is unnecessary. The threshold may be exceeded in complicated long-lasting ERCPs[3] and in these complicated long-lasting ERCPs, dosimetry may be used to estimate the fetal radiation exposure, such as patients with altered anatomy, failed prior ERCP or complex bile leak. By placing TLDs on the pregnant patient over and above the uterus, one can obtain a good estimate of the fetus doses from calculations based on a TLD reading. The value is an approximation, probably an underestimate of the real value, as the principal source of radiation to the fetus during the ERCP comes from scattered radiation absorbed within the mother’s body[3]. Tham et al[1] attempted to attain a better estimate using nonanthopomorphic phantom to estimate the entrance skin dose and estimated the fetal dose exposure at 0.003 Gy.
The safety and efficacy of therapeutic ERCP has been demonstrated in many studies[1,7,9.11,13,20-31]. For a routine ERCP, the reported fetal radiation exposure falls below the maximum allowed dose of radiation to the fetus of 0.005 G[7], therefore estimating the fetal radiation exposure from the fluoroscopy time or by measuring it from the use of TLD’S is unnecessary. 

COMMENTS
Background
For pancreaticobiliary diseases in pregnancy, endoscopic retrograde cholangiopancreatography (ERCP) has been suggested as an effective alternative to surgery. ERCPs are therapeutic when one or more of the following is performed: endoscopic sphincterotomy, removal of stones, stent placement, dilation of strictures.

Research frontiers
Fluoroscopy time can be utilized in ERCPs performed in pregnant patients and limiting fluoroscopy time is one of the most efficient methods to reduce radiation dose.

Innovations and breakthroughs
The fetal radiation exposure values in the authors’ study are below the threshold established by the International Commission of Radiological Protections needing specific calculations of fetal radiation exposure and the maximum allowed dose of radiation to the fetus

Peer review
The aim of the present article is the estimation of the fetal radiation exposure using TLD’s in pregnant women undergoing ERCPs. The article is sound and deserves publication.
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Figure 1 Fluoroscopy view of stone in common bile duct in a pregnant patient.
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Figure 2 Endoscopic view of impacted stone in a pregnant patient.
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Figure 3 Bar graph representing estimated fetal radiation exposure.
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