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Abstract

Background For many years, intraoperative cholangiog-

raphy during cholecystectomy to aid definition of the

biliary anatomy and to detect choledocholithiasis has been

advocated. Although radiation exposure in fluoroscopic

procedures is a concern, few available data exist regarding

the radiation exposure incurred during intraoperative

cholangiography. This study aimed to determine the aver-

age radiation exposure sustained during this procedure.

Methods Radiation dose data were recorded between 5

September 2007 and 21 July 2008 for 108 consecutive

patients undergoing laparoscopic cholecystectomy with

intraoperative cholangiography. Dose area product values

were used to calculate the entrance skin dose, an indicator

of potential skin damage, and the effective dose, an indi-

cator of long-term cancer risk, for each patient.

Results The median age of the 108 patients (67%

females) included in the data analysis was 51 years (range,

17–87 years). The mean entrance skin dose during intra-

operative cholangiography was 0.0069 ± 0.0066 Gy, and

the mean effective dose was 0.18 ± 0.17 mSv. No results

exceeded the threshold of 2 Gy for skin damage, and the

lifetime risk for the development of new cancer due to

intraoperative cholangiography was less than 0.001%.

Conclusion Radiation doses administered during intra-

operative cholangiography are safe and do not represent a

contraindication to this procedure.

Keywords Radiation dosage � Radiation injuries �
Cholangiography � Laparoscopic cholecystectomy

For many years, intraoperative cholangiography during

cholecystectomy to aid definition of the biliary anatomy

and to detect choledocholithiasis has been advocated [1].

However, there remains local and national heterogeneity

in the implementation of routine or selective policies

for intraoperative cholangiography during laparoscopic

cholecystectomy.

The evidence base is equivocal, and to date, no ran-

domized controlled trial has been conducted to demonstrate

a definite reduction in postoperative complications after

laparoscopic cholecystectomy with the routine use of

intraoperative cholangiography compared with a selective

policy. Nevertheless, some authors assert that intraopera-

tive cholangiography should be performed routinely for all

patients undergoing laparoscopic cholecystectomy because

this allows early detection of bile duct injury [2], whereas

others advocate a selective policy of intraoperative chol-

angiography in laparoscopic cholecystectomy [3].

Although increased radiation exposure in routine intra-

operative cholangiography is a concern [3], few data are

available regarding the radiation exposure incurred as part of

the procedure. Radiation exposure may cause skin damage

in the short term and increased cancer risk in the long term

[4]. This study therefore aimed to determine the average
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radiation exposure sustained during laparoscopic cholecys-

tectomy with routine intraoperative cholangiography.

Methods

From 5 September 2007 to 21 July 2008, the study enrolled

121 patients undergoing laparoscopic cholecystectomy in a

single tertiary referral hepatopancreaticobiliary unit.

Radiation dose data such as time of exposure and dose area

product (DAP) were obtained from the hospital computed

radiology information system database (CRIS, Healthcare

Software Systems, Derby, UK). The entrance skin dose

(ESD) and the effective dose (ED) were calculated as

described later. Radiographic exposure was under the

control of the operating surgeon.

Intraoperative cholangiography

All patients undergoing laparoscopic cholecystectomy in

the hepatopancreaticobiliary unit had attempted intraoper-

ative cholangiography. The cystic duct was isolated and

cannulated with a 5-Fr infant feeding tube (Unomedical,

New South Wales, Australia) for performance of intraop-

erative cholangiography. To obtain the cholangiogram,

20 ml of Urograffin 150 (Scherring Healthcare Ltd, West

Sussex, UK) was injected in 2- to 3-ml bursts. The pres-

ence of abnormal anatomy, choledocholithiasis, and flow

of contrast into the second part of the duodenum were

noted. Incidentally detected choledocholithiasis at intra-

operative cholangiography was managed preferentially

using postoperative endoscopic retrograde cholangiopan-

creatography (ERCP). None of the patients underwent

laparoscopic bile duct exploration.

The procedures were performed in an operating theater

using the same model of a mobile C-arm device (Siemens

Siremobil Compact L; Siemens UK, Camberley, UK) with

image intensifier sizes of 17 and 23 cm as well as filtration

of 3 mm Al. The imaging was posteroanterior, with the

anode placed below the operating table (Maquet Alpha-

maxx; Maquet, Rustatt, Germany). The distance between

the X-ray tube focus and the patient was estimated to be

about 30 to 50 cm depending on the thickness of the

patient. For the purpose of calculating skin dose, it was

considered to be 40 cm.

The radiation doses were measured by the DAP in

cGy/cm2 using an inbuilt ionization chamber. The DAP is

the absorbed dose-to-air averaged over the area of the

X-ray beam in a plane perpendicular to the beam axis

multiplied by the area of the beam in that plane. Mea-

surement of DAP thus gives an indication of the total

radiation energy received by the patient. With a knowledge

of the organs and tissues irradiated, conversion factors can

be used to convert the DAP into an effective radiation dose.

The installed DAP meter was calibrated by means of an

independent DAP meter (VacuDAP 2000; VacuTec

Mebtechnik, Dresden, Germany) with traceable calibra-

tion. The DAP values were entered manually into an online

database at the time of the procedure. The equipment also

was audited regularly and subjected to 6-month servicing

by the manufacturer.

Exposure calculations

The DAP values from the C-arm were used to calculate the

ED. The ESD reflects the amount of radiation absorbed at

any given point on the skin and corresponds to the risk for

skin damage. The incidence of skin damage increases

significantly once a threshold of 2 Gy is exceeded.

The ESD was calculated from the DAP based on an

X-ray beam diameter of 23 cm at the image intensifier and

therefore was approximately a 9 9 9-cm beam at the

patient’s skin. To account for the fact that the X-ray field is

not always sited at the same place on the patient’s skin but

may cover an area approximately three times the instan-

taneous beam area, the calculation was repeated using an

area of 243 cm2.

The ED is an indicator of the risk for radiation-induced

malignancy later in life after exposure to a given level of

radiation. The ED was derived from the DAP data by the

PCXMC 1�5 computer program (STUK; Radiation and

Nuclear Safety Authority, Helsinki, Finland). These cal-

culations assumed a tube voltage of 90 kVp.

Results

The radiation dose data were recorded between 5 Sep-

tember 2007 and 21 July 2008 for 121 consecutive patients

undergoing laparoscopic cholecystectomy with intraoper-

ative cholangiography. Data from 13 patients were

incomplete, so these patients were excluded from the study.

The median age of the remaining 108 patients (67%

females) included in the data analysis was 51 years (range,

17–87 years) (Fig. 1). There were no bile duct injuries in

this cohort of patients, and no patients underwent laparo-

scopic bile duct exploration.

During the same study period, a further 8 patients

underwent planned open cholecystectomy, 6 patients

underwent conversion from laparoscopic to open chole-

cystectomy, and 20 patients underwent laparoscopic

cholecystectomy without cholangiography due to technical

difficulties. All these patients were therefore excluded from

the study.
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Based on an irradiation area of 243 cm2, the mean ESD

during intraoperative cholangiography was 0.0069 ±

0.0066 Gy. This represents a low ESD, with no results

approaching the threshold of 2 Gy for skin damage. The

mean ED for intraoperative cholangiography was

0.18 ± 0.17 mSv (Table 1).

Based on epidemiologic studies suggesting a 5% risk for

the development of lethal cancer per sievert of radiation

exposure [5], the lifetime risk for the development of new

cancer due to intracholangiography equals less than

0.001%.

Discussion

Although intraoperative cholangiography is common, no

studies have investigated the degree of radiation exposure

experienced by patients in clinical practice. As reflected in

our sample, many patients undergoing laparoscopic cho-

lecystectomy with intraoperative cholangiography are

young, including females of childbearing age (Fig. 1).

Therefore, a consideration of actual radiation exposure

levels during intraoperative cholangiography in clinical

practice is of clinical importance.

In addition to increasing the risk for cancer, radiation

exposure causes skin damage through a deterministic

mechanism. Skin damage is seen when radiation exposure

exceeds a threshold dose that kills a critical number of cells

[6]. A 2-Gy radiation dose may cause transient damage to

skin, clinically manifesting as erythema. Doses of 3 Gy

may lead to transient hair loss, so 2 Gy is considered a safe

threshold for radiation dose to skin [7].

The radiation dose has a stochastic effect on the

development of malignancy. Although the probability of

malignancy increases with the total dose of administered

radiation, ultimate severity is independent of the total dose

administered [7].

Long-term epidemiologic studies suggest a 5% risk for

the development of lethal cancer per sievert of radiation

exposure (with a mean latency of 10 to 20 years after

exposure) [5]. Based on our estimated effective dose, the

lifetime risk for the development of new cancer due to

cholangiography therefore equals less than 0.001%.

Deterministic effects such as skin damage have a well-

defined threshold: approximately 2 Gy for any skin damage

(erythema), as reinforced by the latest guidelines of the

International Committee on Radiation Protection (ICRP)

[5].

The maximum ESD of our cohort was 0.044 Gy. A

threshold of 2.5 Gy is thought to induce sterility in repro-

ductive tissue [5], and we can deduce from observed ESD

that cholangiography will fall safely below this threshold.

The mean DAP observed in this study was among the

lowest of all fluoroscopic radiologic procedures and

Fig. 1 Age of patients

undergoing intraoperative

cholangiography

Table 1 Screening time and mean radiation dose during intraoperative cholangiogram based on an irradiated area of 243 cm2

Dose area product

(Gy/cm2)

Screening

time (min)

Entrance skin

dose (Gy)

Effective

dose (mSv)

% Exceeding 2-Gy

threshold for skin damage

All patients (n = 108) 1.67 ± 1.60 0.53 ± 0.48 0.0069 ± 0.0066 0.18 ± 0.17 0

Note: All values are mean ± standard deviation
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equivalent to that seen in common orthopedic investiga-

tions such as plain limb radiographs [8] (Table 2). The

radiation dose is a potentially harmful side effect of

radiologic procedures, and concerns have recently been

raised about high exposure entailed in endovascular repair

of aortic aneurysms [9]. However, compared with this

technically more complex and longer procedure, the cal-

culated effective dose and DAP recorded in this study were

50 and 100 times lower, respectively (Table 2). This cor-

relates with the relatively short mean screening time

observed for cholangiography (0.53 min). The DAP in our

cohort was 40 times lower than that seen in ERCP [10, 11].

This finding suggests that intraoperative cholangiography

imparts a significantly lower radiation dose than that

received by patients undergoing an ERCP.

Radiation absorption by medical staff was not recorded

in this study. However, a strong correlation between staff

radiation exposure and patient DAP data has been dem-

onstrated [12]. Therefore, in light of the low DAP values

and the protective equipment used by operating theater

personnel during intraoperative cholangiography, staff

radiation exposure is unlikely to be significant.

This study demonstrates that the levels of radiation

exposure sustained during laparoscopic cholecystectomy

with intraoperative cholangiography are safe. Therefore,

the radiation dose sustained during intraoperative cholan-

giography does not represent a contraindication to this

procedure.
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Table 2 Mean radiation dose during common radiologic procedures

DAP (Gy/cm2) ESD (Gy) ED (mSv) Screening

time (min)

Intraoperative cholangiogram 1.67 0.0069 0.18 0.53

EVAR [9] 150.5 0.59 28.3 21.5

Coronary stent [13] 82.1 0.182 14.9 13.1

Intracranial aneurysm neuroembolization [14, 15] 283 - - 75

Radiograph limbs and extremities [8] 0.04–1.62 - 0.01 0.2–1.4

Radiograph hips and spine [8] 0.4–10.2 - 1 0.2–1.4

Therapeutic ERCP [10, 11] 66.8 0.08 - 10.5

DAP dose area product, ESD entrance skin dose, ED effective dose, EVAR endovascular repair of aortic aneurysms, ERCP endoscopic retrograde

cholangiopancreatography
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