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INTRODUCTION

Propofol is indicated for the induction and maintenance of
general anesthesia, for sedation during intensive care, and
for conscious sedation during surgical and diagnostic proce-
dures.! Propofol undergoes extensive metabolism in the liver to
form water-soluble metabolites that are renally excreted.! Some
of the metabolites have been associated, in a multitude of case
reports, with green discoloration of the patient’s urine.*”
Propofol is also highly lipophilic.' It has been reported that
propofol passes minimally into maternal breast milk.!® One
previous publication reported the occurrence of green breast
milk after propofol administration, although the authors were
unable to confirm the presence of propofol in the breast milk
by laboratory analysis.!' Here, we present another case report
of green breast milk following propofol administration and
discuss the pharmacokinetic characteristics of this drug that
could explain its possible excretion into breast milk. We also
suggest a diligent approach to analysis and care for future cases.

CASE REPORT

A 27-year-old woman presented to the emergency depart-
ment with a 4-day history of increasing right lower quadrant,
periumbilical pain, and decreased appetite.* She reported no
oral intake since 2 days before presentation. The patients
obstetric history consisted of 5 pregnancies and 5 full-term
births, her last child having been born 8 months before the
presentation. She was actively breastfeeding at a frequency of
6 to 8 times daily without any reported complications.

The patient’s prior medical history included bicornuate
uterus, insertion of an intrauterine device 2 months after the
most recent birth, and abdominal hernia repair 2 years before

*The patient provided verbal consent for publication of this case
report. Approval was also granted by the local institutional research
ethics board.
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the current presentation. She reported daily use of a multivita-
min and an omega-3 supplement, as well as occasional intake
of acetaminophen, but no use of prescribed medications. She
had no allergies and denied using recreational drugs, smoking
tobacco, or consuming alcohol.

The results of hematological and biochemical laboratory
tests showed no abnormalities. All microbiological tests yielded
negative results, including blood and urine culture. The attending
staff diagnosed acute appendicitis, and the patient underwent
appendectomy under general anesthesia. Intraoperative findings
included an extremely fibrotic appendix and meso-appendix,
both of which were removed.

During the procedure, the patient received cefazolin,
granisetron, ketorolac, propofol, rocuronium, succinylcholine,
and sufentanil. The patient also received 2 induction boluses
of propofol (IV), with the first dose of 150 mg being followed
shortly after by the second dose of 50 mg. The surgery was
successful, with no complications and minimal blood loss.

Twenty-two hours after the procedure, the patient
extracted her breast milk for the first time since surgery. The
collected breast milk had a light green colour. However, no
discoloration of the urine was noted. Her active medications at
that time were regular acetaminophen, cefazolin, ibuprofen,
and pantoprazole, as well as as-needed doses of oxycodone and
dimenhydrinate. A sample of the extracted green breast milk
was analyzed by gas chromatography—mass spectrometry for
the presence of propofol.'> However, this technique yielded
negative results. The patient refrained from breastfeeding but
continued extracting her milk. She experienced no postopera-
tive complications and was discharged home from the hospital
in stable condition on postoperative day 2. The patient reported
that her breast milk spontaneously and progressively returned
to its usual colour and was completely free from any green
discoloration by postoperative day 4, at which point breastfeed-

ing was resumed with no issues.
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DISCUSSION
Few studies have demonstrated the passage of propofol
into breast milk.'"" However, many of propofols

pharmacokinetic properties favour this transfer. After its
administration, propofol rapidly distributes from the blood to
surrounding tissues in a 3-compartment model.! Propofol is
highly lipophilic and non—water soluble, with a volume of
distribution of 2.85 to 6.07 L/kg.! Therefore, even after a single
bolus dose, propofol is widely distributed and has a terminal
half-life of up to 480 min.! This significant lipophilicity favours
its diffusion through the mammary alveoli and its solubility
and accumulation in the lipid fraction of breast milk."
Furthermore, any medication with a molecular mass less than
500 daltons may easily diffuse into breast milk." Propofol’s low
molecular mass of 178.3 daltons' therefore favours its passage
into breast milk. Conversely, propofol is highly protein-bound
(up to 99%), and molecules that are more than 95% protein-
bound are less likely to diffuse into the breast milk."
Propofol undergoes extensive metabolism in the liver to
form water-soluble inactive metabolites that are renally
excreted.*®141 Less than 1% of propofol is excreted unchanged
in the urine.'® The main metabolic pathway of propofol
includes oxidation by the cytochrome P450 2B6 isozyme, and
to a lesser extent cytochrome P450 2C9 isozyme, as well as
phase IT metabolism to form the drug’s main metabolites:
propofol quinol-4-

glucuronide, quinol-1-glucuronide,

glucuronide, and quinol-4-sulphate conjugates.*®!21¢ Other
minor metabolites have also been identified.!>'*

The pharmacokinetic properties of propofol metabolites
have not been thoroughly investigated. However, Bleeker and
others!” found that propofol and its glucuronide metabolites
were detectable in the plasma up to 15 h after surgery, with the
glucuronide metabolites being excreted in the urine for more
than 60 h after surgery, following continuous infusion of
propofol in 9 patients who underwent lung surgery. Therefore,
in the case reported here, it is possible that propofol metabolites
were present in the patient’s breast milk when it was extracted
22 h after surgery.

Many case reports have described the effect of propofol on
the colour of urine. Most of the published cases have reported
the occurrence of green discoloration after continuous infusion
of propofol. There have also been a few cases in which green
urine was observed shortly after a single bolus induction dose
of propofol.

In 3 cases, propofol induction doses (100 to 200 mg),
administered for endotracheal intubation or preoperative
sedation, were associated with green discoloration of the urine
within just a few hours after administration or as little as 1 h
after surgery.”'®!” In the first case, the green colour resolved by
the end of the 2.5-h surgery.” In the 2 other cases, urine colour
returned to normal 24 h after administration'® and 48 h after
surgery."?
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Lee and others’ reported 3 cases of green discoloration of
the urine after continuous infusion of propofol. Sedation was
maintained with propofol infusion rates of 3 to 4 mg/kg per
hour.? In 2 of these cases, the green urine appeared after 6 h of
infusion, whereas in the third case the discoloration was
observed after 64 h. In all cases, urine colour returned to
normal 3 to 6 h after propofol discontinuation.’ No concomi-
tant use of medication known to cause green urine
discoloration was reported.

The green colour of urine following propofol administra-
tion is believed to be caused by the inactive phenolic metabolites
of this drug (1-glucuronide, 4-glucuronide, and 4-sulphate
conjugates).”® In the current case, the gas chromatography—
mass spectrometry analysis did not detect propofol or its
metabolites in the green breast milk. However, the sensitivity
of the technique to detect these molecules in breast milk had
not been determined in the laboratory at that time. Therefore,
it is possible that propofol and its metabolites were present in
the breast milk sample, but were below the limits of detection.
We suggest validating the sensitivity of a gas chromatography—
mass spectrometry analysis for the detection of propofol and
its metabolites in future cases.'

Only 2 previous reports of green breast milk have been
published, with inconclusive results as to the cause of the green
colour. In the first report, Birkholz and others'" hypothesized
that the green breast milk was due to propofol administration.
However, these authors also reported that they were unable to
identify propofol and its conjugated metabolites in the
expressed breast milk.!! The breast milk discoloration was first
seen 8 h after surgery and had resolved by 48 h after surgery.!!
In the current case, the discoloration resolved on postoperative
day 4, much later than in the previous case. Nevertheless,
divergent timing of green urine discoloration secondary to
propofol has also been reported, and this variation may be due
to interpatient pharmacokinetic differences. In the second prior
report of green breast milk, Yazgan and others® hypothesized
that the green discoloration was due to the iron content of the
reddish-brown multivitamin that the mother had been taking
daily since delivery. In the current case, the patient also had
postpartum exposure to a multivitamin, which might have
contained iron. However, the timing of the appearance and
disappearance of the green discoloration of the breast milk,
combined with the fact that the mother had been taking the
multivitamin for months before this observation, led us to
believe that the propofol used for anesthesia was a more likely
cause than the multivitamin. Furthermore, given the common
use of iron-containing multivitamins by women who are breast-
feeding, green breast milk would be observed more frequently
if iron supplementation was the cause. We calculated a Naranjo
score of 4, indicating propofol as a possible cause of the adverse
drug reaction of green breast milk in this case.”!
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CONCLUSION

Propofol metabolites may discolour biological fluids other
than urine. We have described a second case of green breast
milk following administration of propofol. Health care profes-
sionals and patients should remain vigilant for this possible,
though rare, adverse event. Given the uncertainty about trace
amounts of propofol in the green breast milk, breastfeeding in
this situation might expose the infant to uncertain effects;
therefore, we recommend caution in the continuation of breast-
feeding until the colour returns to normal. If breastfeeding is
pursued, we recommend that the infant be closely monitored.

References

1. Diprivan [product monograph]. Mississauga (ON): AstraZeneca Inc; 2012
Jul 30.

2. Regensburger M, Huttner HB, Doerfler A, Schwab S, Staykov D. Propofol-
related urine discoloration in a patient with fatal atypical intracerebral
hemorrhage treated with hypothermia. Springerplus. 2014;3:551.

3. Lee JS, Jang HS, Park BJ. Green discoloration of urine after propofol
infusion. Korean | Anesthesiol. 2013;65(2):177-9.

4. Rawal G, Yadav S. Green urine due to propofol: a case report with review of
literature. / Clin Diagn Res. 2015;9(11):0D03-4.

5. Pedersen AB, Kobborg TK, Larsen JR. Grass-green urine from propofol
infusion. Acta Anaesthesiol Scand. 2015;59(2):265-7.

6. Fujii-Abe K, Kawahara H, Fukayama H. An analysis of green discoloration
of urine caused by propofol infusion. J Clin Anesth. 2016;35:358-60.

7. Ananthanarayan C, Fisher JA. Why was the urine green? Can J Anaesth.
1995;42(1):878.

8. Gillett MJ, Burnett JR. Medications and green urine. Intern Med J. 2006;
36(1):64-6.

9. Barbara DW, Whalen FX Jr. Propofol induction resulting in green urine
discoloration. Anesthesiology. 2012;116(4):924.

10. Nitsun M, Szokol JW, Saleh HJ, Murphy GS, Vender ]S, Luong L, et al.
Pharmacokinetics of midazolam, propofol, and fentanyl transfer to human
breast milk. Clin Pharmacol Ther. 2006;79(6):549-57.

11. Birkholz T, Eckardt G, Renner S, Irouschek A, Schmidt J. Green breast milk
after propofol administration. Anesthesiology. 2009;111(5):1168-9.

12. Lee SY, Park NH, Jeong EK, Wi JW, Kim CJ, Kim JY, et al. Comparison of
GC/MS and LC/MS methods for the analysis of propofol and its metabolites
in urine. / Chromatogr B Analyt Technol Biomed Life Sci. 2012;900:1-10.

13. Ferreira E, Martin B, Morin C. Grossesse et allaitement : guide thérapeutique.
2nd ed. Montréal (QQC): Editions du CHU Sainte-Justine; 2013.

14. Maas A, Maier C, Michel-Lauter B, Broecker S, Madea B, Hess C.
Verification of propofol sulfate as a further human propofol metabolite using
LC-ESI-QQQ-MS and LC-ESI-QTOF-MS analysis. Drug Metab Pers Ther.
2017;32(1):67-72.

15. Shioya N, Ishibe Y, Shibata S, Makabe H, Kan S, Matsumoto N, et al. Green
urine discoloration due to propofol infusion: a case report. Case Rep Emerg

Med. 2011;2011:242514.

CJHP — Vol. 71, No. 6 — November—December 2018

16. Miller RD, Eriksson LI, Fleisher LA, Wiener-Kronish JB, Cohen NH, Young
L. Millers anesthesia e-book. Amsterdam (Netherlands): Elsevier Health
Sciences; 2014.

17. Bleeker C, Vree T, Lagerwerf A, Willems-van Bree E. Recovery and
long-term renal excretion of propofol, its glucuronide, and two di-
isopropylquinol glucuronides after propofol infusion during surgery. Br/
Anaesth, 2008;101(2):207-12.

18. Tan CK, Lai CC, Cheng KC. Propofol-related green urine. Kidney Int.
2008;74(7):978.

19. Sigdel S. Propofol induced green urine. / Anesth Clin Res. 2015;6(7):542.

20. Yazgan H, Demird6ven M, Yazgan Z, Toraman AR, Giirel A. A mother with
green breastmilk due to multivitamin and mineral intake: a case report.
Breastfeed Med. 2012;7:310-2.

21. Naranjo CA, Busto U, Sellers EM, Sandor D, Ruiz I, Roberts EA, et al.
A method for estimating the probability of adverse drug reactions. Clin
Pharmacol Ther. 1981;30(2):239-45.

_________________________________________________________________________|
Anthony Rainone, PharmD, MSc(immunol), is a Master of Science
candidate with the Faculté de pharmacie, Université de Montréal, and a
Pharmacy Resident at the Sir Mortimer B Davis Jewish General Hospital,
Montréal, Quebec.

Laura Delucilla, PharmD, is a Master of Science candidate with the Faculté
de pharmacie, Université de Montréal, and a Pharmacy Resident at the McGill
University Health Centre, Montréal, Quebec.

Stéphanie Elofer, PharmD, is a Master of Science candidate with the Faculté
de pharmacie, Université de Montréal, and a Pharmacy Resident at Hopital
de la Cité-de-la-Santé, Laval, Quebec.

Leah Bensimon, PharmD, MSc, was, at the time of this study, with the Palm
Beach Medical Center, West Palm Beach, Florida. She is now Medical Affairs
Associate at Promius Pharma LLC, Princeton, New Jersey.

Gaélle Abittan, BPharm, MSc, is Assistant to the Chief Pharmacist at the
CIUSSS Centre-Ouest-de-ITle-de-Montréal, Montréal, Quebec.

Anthony Rainone, Laura Delucilla, and Stéphanie Elofer contributed equally
to this publication.

Competing interests: None declared.

Address correspondence to:

Gaélle Abittan

CIUSSS Centre-Ouest-de-I"lle-de-Montréal

Site: Sir Mortimer B Davis Jewish General Hospital
3755 Cote-Sainte-Catherine Road

Montréal QC H3T 1E2

e-mail: gabittan@jgh.mcgill.ca
Funding: None received.

Acknowledgements: The authors would like to thank Tanya Castelino,
MD, MSc, FRCSC, for her presubmission review of the medical portion of
the case presentation and Sarah Bensimon, PharmD, for her presubmission
review of the pharmacokinetic portion of the discussion.

JCPH —Vol. 71, n® 6 — novembre—décembre 2018

391



