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Abstract

Background: This study was conducted to evaluate changes in portal blood flow and liver functions among women using Implanon® for
2 years.
Study Design: Fifty healthy Implanon® users were enrolled in this longitudinal study and followed up for 24 months. Portal blood flow,
assessed by color Doppler; prothrombin time and concentration; serum albumin; bilirubin; gamma-glutamyl transferase (GGT); alanine
aminotransferase (ALT); and aspartate aminotransferase (AST) were measured before and 24 months after insertion.
Results: After 24 months of Implanon® insertion, there were no significant changes in portal blood flow, serum albumin, prothrombin time
or concentration. However, there was a significant increase in serum levels of total and unconjugated bilirubin and GGT and a significant
decrease in ALT and AST levels. All levels, however, remained within the normal range of values.
Conclusions: Implanon® use for 2 years does not seem to influence portal hemodynamics. Changes in serum levels of bilirubin, GGT, ALT
and AST are unlikely to be of clinical significance.
© 2009 Elsevier Inc. All rights reserved.
Keywords: Implanon; Etonogestrel; Liver functions; Portal vein
1. Introduction

Implanon® is a subdermal contraceptive implant that has
recently been approved by the US Food and Drug
Administration to provide effective ‘forgettable’ contra-
ception for 3 years. It is composed of a single nonbiodegrad-
able rod, 40 mm long and 2 mm in diameter, containing a
core of 68 mg of etonogestrel (ENG). Inhibition of ovulation
occurs within 1 day of insertion [1]. It also enjoys excellent
reversibility with return of fertility within 1 month after
removal. Among those not using other contraceptives, 14%
became pregnant within 90 days after removal [2]. Addi-
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tional advantages of Implanon® include an estrogen-sparing
effect, safety for breastfeeding mothers and preservation of
bone mineral density [3,4]. It is a good choice for adolescents
and women with systemic hypertension, diabetes mellitus,
anemia and endometriosis. Bleeding problems are the most
common side effects through direct and indirect effects on
the endometrium [5–7].

ENG is approximately 32% bound to sex hormone-
binding globulin (SHBG) and 66% bound to albumin in
blood. ENG is metabolized in liver microsomes by the
cytochrome P450 3A4 isoenzyme and is rapidly transformed
in the body to 3-keto-desogestrel, a low androgenic third-
generation progestin [8]. The elimination half-life of ENG is
approximately 25 h [9]. The metabolic effects of Implanon®
have been studied in comparison to Norplant®. Both have a
similar effect on hemostasis with no tendency for thrombosis
[10–13]. Both induce mild insulin resistance without
significant changes in glucose levels [13]. Implanon® was
found to increase fasting levels of glycosylated hemoglobin
(A1C) after 2 years [13]. Implanon® is significantly less

mailto:a_nasr02@lycos.com
http://dx.doi.org/10.1016/j.contraception.2008.09.010


237A. Nasr, H.M. Nafeh / Contraception 79 (2009) 236–239
androgenic than Norplant® and increases serum levels of
SHBG [14].

The effect on liver functions has also been studied.
Whereas total bilirubin and serum gamma-glutamyl transfer-
ase (GGT) were reported to increase [11,15], serum levels of
alanine aminotransferase (ALT) and aspartate aminotransfer-
ase (AST) were found either to decrease [11] or to remain
unchanged [15]. The effect of Implanon® on hepatic
perfusion has not been previously studied.

Implanon® is a viable contraceptive option for Egyptian
women providing long-term contraception. The impact of
Implanon® on the liver is of paramount importance in Egypt,
a country where many individuals are afflicted with chronic
liver disease.

The aim of the present study was to evaluate changes in
portal blood flow and some selected liver functions among
Egyptian women using Implanon® for 2 years.
Table 1
Changes in Doppler-derived parameters of portal and splenic vein
hemodynamics after 2 years of Implanon® insertion

Before Implanon®
insertion

24 months after
insertion

Significance

Portal vein
diameter (cm)

1.05±0.14 1.16±0.13 NS

Portal vein
velocity (cm/s)

26.18±2.21 23.82±2.36 NS

Portal vein blood
flow (mL/min)

680.35±54.12 663±58.28 NS

Splenic vein
diameter (cm)

0.69±0.60 0.66±0.59 NS

Splenic vein
velocity (cm/s)

24.16±2.15 22.25±2.06 NS

Splenic vein blood
flow (mL/min)

275±25.77 262±26.49 NS

Values are shown as mean±SD. NS: not significant.
2. Materials and methods

2.1. Subjects

Fifty healthy Egyptian women willing to use Implanon®
were recruited from among the attendees of the Family
Planning Clinic of the Women's Health Hospital, Assiut
University, Assiut, Egypt, in this prospective study and
were followed up for 24 months. Based on individual
variability in portal vein blood flow measurements, this
sample size was expected to detect a 20% change in portal
vein blood flow. They were relatively young [mean age
(±SD)=29.28±2.74, range 24–34], tested negative for
hepatitis B and C, and had normal abdominal and pelvic
ultrasound examinations. Institutional review board
approval was attained prior to the beginning of the trial.
In addition, all women gave their written consent to be
included in this clinical trial after receiving adequate
information about its implication.

2.2. Methods

All women were thoroughly examined clinically, were
screened for hepatitis B and C, and underwent abdominal
and pelvic sonography. Prior to implant insertion and
24 months after, portal blood flow was assessed by color
Doppler ultrasound. Some selected liver function tests
including prothrombin time and concentration, serum
albumin, bilirubin, GGT, ALT and AST were also measured
before and 24 months after insertion.

2.2.1. Abdominal Doppler examination

2.2.1.1. Equipment. The ultrasound equipment used for
Doppler studies was the Siemens Sonoline Sienna Ultra-
sound Imaging System (Siemens, Germany). This system
operates in several modes, a real-time 2D mode, B mode, M
mode, spectral Doppler mode, color Doppler mode and
power mode. The scan head is curved array (2.5–5 MHz in
the Doppler mode). Doppler measurements were carried out
in accordance with standard settings [16].

2.2.1.2. Examination technique. Examinations were car-
ried out by a single examiner after an overnight fast and a
resting period of 15 min in the supine position during breath-
holding in mid expiration to avoid respiratory effects on
venous hemodynamics. Patient characteristics, age, sex,
height, weight and body surface area do not influence
measurement of portal venous flow by duplex Doppler
[17,18]. The flow velocity was given as the maximum flow
velocity expressed in centimeters per second (corrected for
Doppler angle which should be less than 60° and time
averaged in veins) because this does not depend critically on
the electronic equipment or geometry of the ultrasound
beam; both are responsible for systematic errors (over-
estimation of mean flow velocity). Examination included
evaluation of the portal vein and hepatic artery. The
examination began by locating the portal vein. Normal
blood flow in the portal system is hepatopetal and slightly
pulsatile. Doppler entry angle (b60°) and wall filter (50–
100 Hz) are required. The examination was made quicker by
the color technique; blood flow towards the transducer is red
and away from the transducer is blue. Calculation of the
blood flow requires measuring the diameter of the portal vein
expressed in centimeters and maximum flow velocity
expressed in centimeters per second; errors of at least 20%
have to be assumed [19]. Portal blood flow=22/7×(d)2/
4×Vmax/2×60, expressed in milliliters per minute.

Similarly, splenic vein blood flow was measured.

2.2.2. Liver function tests
Prothrombin time and concentration were estimated using

diaplastin kit [20] from Diamed (Morat, Switzerland). Serum
albumin, total and direct bilirubin, ALT, AST, alkaline
phosphatase (ALP) and GGT were measured using colori-
metric assay on the automated clinical chemistry analyzer
(BM/Hitachi 911).
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2.3. Statistical analysis

Data analysis was performed with a statistical package for
personal computers (SPSS, version 11, 2001; SPSS, Inc.,
Chicago, IL, USA) utilizing comparisons of means (Stu-
dent's t test), Wilcoxon signed rank test and Pearson's
correlation. Results are represented as mean±SD and were
considered significant when p was b.05.
3. Results

After 24 months of Implanon® insertion, there were no
significant changes in portal vein diameter, velocity
or blood flow. Similarly, no statistically significant
changes were noted in splenic vein diameter, velocity or
blood flow (Table 1). Table 2 shows changes in some
liver function tests after 2 years of Implanon® insertion.
There were no significant changes in serum albumin,
serum ALP, prothrombin time or concentration. How-
ever, there was a significant increase in serum levels of
total and unconjugated bilirubin and GGT, and a
significant decrease in ALT and AST levels. All levels,
however, remained within the normal range of values for
all parameters.

Nonparametric statistical analysis using Wilcoxon
signed rank test was also used and yielded the same
results. Pearson's correlation test was used to study the
within-individual correlations between the ultrasound
measurements made before and after 24 months of
treatment and to verify the absence of significant effects
on portal vein blood flow. Portal vein blood flow was
noted not to correlate with any of the liver function test
measures or with variables such as age, weight or BMI.
Table 2
Changes in some liver function tests after 2 years of Implanon® insertion

Before
Implanon®
insertion

24 months
after insertion

Significance

Total bilirubin (µmol/L) 9.25±3.37 13.35±4.14 Significant
increase (pb.05)

Unconjugated bilirubin
(µmol/L)

5.28±2.21 9.27±3.33 Significant
increase (pb.05)

Serum albumin
(g/L)

43.63±2.96 41.57±3.05 NS

AST (IU/L) 33.50±1.91 25.08±2.58 Significant
decrease (pb.05)

ALT (IU/L) 28.04±2.37 19.62±3.31 Significant
decrease (pb.05)

ALP (IU/L) 75.36±6.14 79.98±7.02 NS
GGT (IU/L) 17.54±5.33 27.92±5.26 Significant

increase (pb.05)
Prothrombin time (s) 12.98±0.82 13.08±0.78 NS
Prothrombin

concentration (%)
97.82±2.00 96.54±1.80 NS

Values are shown as mean±SD.
4. Discussion

Implanon® is a long-term implantable contraceptive
containing ENG that is both safe and effective [5]. The
pharmacokinetics and pharmacodynamics of Implanon®
indicate that it has high contraceptive efficacy, as reflected
in a zero pregnancy rate over 5629 women-years of use. Its
excellent reliability, ease of use, and reversibility make
Implanon® a valuable addition to current contraceptives [9].
In Egypt, the need for long-term contraception could not be
overemphasized. Due to the prevalence of chronic liver
disease in Egypt and the growing popularity of Implanon®,
its impact on liver perfusion and liver functions is of
particular importance. The splanchnic pharmacodynamic
effects of drugs were poorly clarified until some years ago.
The introduction of Doppler ultrasound provided a powerful
tool to investigate such hemodynamic effects and brought
new insights into this field [21]. Color Doppler is the only
noninvasive method for the examination of the portal venous
system and in the analysis of the response to drugs [22]. This
is, to the best of our knowledge, the first report on the
influence of Implanon® on portal and splenic hemody-
namics. No significant change was seen after 2 years of
insertion on portal or splenic diameter, velocity or blood
flow. Earlier reports have pointed to the favorable effects of
Implanon® on hemostasis with no tendency to thrombosis
[10–13]. Such findings, coupled with unchanged portal and
splenic vein diameter, velocity or blood flow, reflect a special
advantage of Implanon® compared to combined oral
contraceptives, where portal vein thrombosis is a recorded
complication [23]. There is, however, no evidence in the
available literature that combined oral contraceptives affect
portal blood flow.

Approximately 32% of ENG is bound to SHBG and 66%
is bound to albumin in blood; in vitro data show that ENG is
metabolized in liver microsomes by the cytochrome P450
3A4 isoenzyme [8]. The biological activity of ENG
metabolites is unknown. The impact of ENG on liver
functions has been studied by a number of investigators
[11,15]. Whereas total bilirubin and serum GGT were
reported to increase [11,15], serum levels of ALT and AST
were found either to decrease [11] or to remain unchanged
[15]. Unfortunately, many factors influence the level of
GGT, so that increases are non–disease specific. An isolated
rise in GGT may occur without liver disease, perhaps
because of microsomal enzyme induction [24]. Some
investigators concluded that there may be mild hepatocel-
lular dysfunction associated with the use of Implanon®,
which is possibly of no clinical significance to the healthy
acceptor [15]. The overall findings of the present study
conform to such a statement.

Implanon use for 2 years by Egyptian women does not
seem to influence portal hemodynamics. Nonsignificant
changes in serum levels of albumin, ALP, prothrombin time
and concentration were noted after 2 years of insertion.
Moreover, changes in serum levels of bilirubin, GGT, ALT



239A. Nasr, H.M. Nafeh / Contraception 79 (2009) 236–239
and AST are unlikely to be of clinical significance. It is
hoped that this study could be regarded as an added piece of
evidence fostering and substantiating the safety of Impla-
non® among women. This could pave the way for future
studies focusing on its safety in women with compensated
liver disease or mild hepatic dysfunction.

Acknowledgments

We would like to thank Dr Farag M. Moftah, professor of
community medicine and biostatistics, Assiut Medical
School, Egypt, for his assistance with statistical analysis.

References

[1] Le J, Tsourounis C. Implanon: a critical review. Ann Pharmacother
2001;35:329–36.

[2] Croxatto HB. Clinical profile of Implanon: a single-rod etonogestrel
contraceptive implant. Eur J Contracept Reprod Health Care 2000;
5(Suppl 2):21–8.

[3] Ogbonmwan S, Briggs P, Amu O. The oestrogen ‘sparing’ effect of
Implanon: a case report and review. Eur J Contracept Reprod Health
Care 2006;11:109–11.

[4] Bahamondes L, Monteiro-Dantas C, Espejo-Arce X, et al. A
prospective study of the forearm bone density of users of etonorgestrel-
and levonorgestrel-releasing contraceptive implants. Hum Reprod
2006;21:466–70.

[5] Funk S, Miller MM, Mishell Jr DR, et al. The Implanon US Study
Group. Safety and efficacy of Implanon, a single-rod implantable
contraceptive containing etonogestrel. Contraception 2005;71:319–26.

[6] Flores JB, Balderas ML, Bonilla MC, Vázquez-Estrada L. Clinical
experience and acceptability of the etonogestrel subdermal contra-
ceptive implant. Int J Gynaecol Obstet 2005;90:228–33.

[7] Varma R, Mascarenhas L. Endometrial effects of etonogestrel
(Implanon) contraceptive implant. Curr Opin Obstet Gynecol 2001;
13:335–41.

[8] Korhonen T, Tolonen A, Uusitalo J, Lundgren S, Jalonen J, Laine K.
The role of CYP2C and CYP3A in the disposition of 3-keto-
desogestrel after administration of desogestrel. Br J Clin Pharmacol
2005;60:69–75.

[9] Bennink HJ. The pharmacokinetics and pharmacodynamics of
Implanon, a single-rod etonogestrel contraceptive implant. Eur J
Contracept Reprod Health Care 2000;5(Suppl 2):12–20.
[10] Dorflinger LJ. Metabolic effects of implantable steroid contraceptives
for women. Contraception 2002;65:47–62.

[11] Egberg N, van Beek A, Gunnervik C, et al. Effects on the
hemostatic system and liver function in relation to Implanon and
Norplant. A prospective randomized clinical trial. Contraception
1998;58:93–8.

[12] Lindqvist PG, Rosing J, Malmquist A, Hillarp A. Etonogestrel implant
use is not related to hypercoagulable changes in anticoagulant system.
J Thromb Haemost 2003;1:601–2.

[13] Biswas A, Viegas OA, Coeling Bennink HJ, Korver T, Ratnam SS.
Implanon contraceptive implants: effects on carbohydrate metabolism.
Contraception 2001;63:137–41.

[14] Biswas A, Viegas OA, Bennink HJ, Korver T, Ratnam SS. Effect of
Implanon use on selected parameters of thyroid and adrenal function.
Contraception 2000;62:247–51.

[15] Biswas A, Biswas S, Viegas OA. Effect of etonogestrel subdermal
contraceptive implant (Implanon) on liver function tests — a
randomized comparative study with Norplant implants. Contraception
2004;70:379–82.

[16] Partiquin H, Lafortune M, Burns PN, Dauzat M. Duplex Doppler
examination in portal hypertension: technique and anatomy. Am J
Roentgenol 1987;149:71–6.

[17] de Vries PJ, Van Hattum J, Hoekstra JBL, et al. Duplex Doppler
measurements of portal venous flow in normal subjects. Inter and intra-
observer variability. J Hepatol 1991;13:358–63.

[18] Haag K, Lanzer P. Abdominal and pelvic vascular ultrasonography. In:
Lanzer P, Rosch J, editors. Vascular diagnostics. Berlin: Springer-
Verlag; 1994. p. 139–62.

[19] Moriyasu F, Ban N, Nishida O, et al. Clinical application on an
ultrasonic duplex system in the quantitative measurement of portal
blood flow. J Clin Ultrasound 1986;14:579–88.

[20] Quick AJ. Haemorrhagic diseases and thrombosis. Philadelphia: Lee
and Febiger; 1966.

[21] Piscaglia F, Gaiani S, Donati G, Masi L, Bolondi L. Doppler evaluation
of the effects of pharmacological treatment of portal hypertension.
Ultrasound Med Biol 1999;25:923–32.

[22] Cioni G, D'Alimonte P, Zerbinati F, et al. Duplex-Doppler ultrasono-
graphy in the evaluation of cirrhotic patients with portal hypertension
and in the analysis of their response to drugs. J Gastroenterol Hepatol
1992;7:388–92.

[23] Lonardo A, Grisendi A, Frazzoni M, Pulvirenti M, Della Casa G. Portal
vein thrombosis (PVT) associated with oral contraceptive steroids
(OCS). J Gastroenterol Hepatol 1994;9:314.

[24] Sherlock S, Dooley J. Assessment of liver function. In: Sherlock S,
Dooley J, editors. Diseases of the liver and biliary system. XI. Oxford:
Blackwell Scientific Publications; 2002. p. 19–35.


	Effect of etonogestrel contraceptive implant (Implanon®) on portal �blood flow and liver functi.....
	Introduction
	Materials and methods
	Subjects
	Methods
	Abdominal Doppler examination
	Equipment
	Examination technique

	Liver function tests

	Statistical analysis

	Results
	Discussion
	Acknowledgments
	References




