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Editor’s key points

There is a need for adjuvant
analgesics to improve

postoperative analgesia and
reduce opioid consumption.

Basic science studies have
demonstrated a potential
anti-inflammatory and
analgesic effect of choline.

This study examined effects of
oral choline on postoperative
pain and tumour necrosis
factor (TNF) levels.

Neither pain nor TNF was
affected, despite a small
increase in systemic levels of
choline.

While further study may be
warranted, oral choline
supplementation does not
confer any analgesic benefit.

Background. Activation of nicotinic receptors with nicotine has been shown to reduce
post-surgical pain in clinical and preclinical studies. Choline is a selective agonist at
a7-type nicotinic receptors that does not have addictive or sympathetic activating
properties. It is anti-nociceptive in animal studies. We conducted a double-blind
randomized trial of oral choline supplementation with lecithin to aid in the
treatment of pain after gynaecological surgery.

Methods. Sixty women having open gynaecological surgery were randomly assigned
to receive 20 g of lecithin before surgery or placebo. Plasma choline concentration
and tumour necrosis factor (TNF) were measured. Pain report was the primary
outcome measure.

Results. We achieved a small but statistically significant increase in choline after
surgery with oral supplementation. Plasma TNF was not decreased and pain report
was not different between groups at rest or with movement. There were no
adverse effects of treatment.

Conclusions. Oral supplementation with lecithin during the perioperative period
resulted in very slow absorption and thus only a small increase in plasma choline
was achieved. This concentration was inadequate to reduce TNF as has been
shown in other studies. The absence of an anti-inflammatory effect was likely
related to our failure to demonstrate efficacy in pain reduction.
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Seventy to eighty per cent of the 23 million Americans
who undergo surgical procedures each year experience
moderate-to-severe pain, despite ‘state of the art’ treat-
ment.’ " Extended hospitalization, compromised prognosis,
and higher morbidity and mortality are consequences of in-
adequately managed acute postoperative pain.” Opioid ago-
nists are the current mainstay of pain treatment after
surgery, but opioid therapy is severely limited by side-effects
at effective doses. There is some evidence that the advent
of patient-controlled analgesia and epidural analgesia has
reduced the incidence of unacceptable pain relief,” but the
situation is still far from perfect for many patients. For
many patients, there is no dose of opioid alone that ad-
equately treats acute postoperative pain without unaccept-
able side-effects. For this reason, although patients have

access to large doses of opioids via patient-controlled anal-
gesia pumps, they choose to accept moderate-to-severe
pain rather than taking more opioid.®~®

Multimodal pain therapy combines administration of adju-
vant analgesic drugs with opioids to reduce the required
dose, and thus side-effects that occur when each drug is
used alone. Non-specific activation of nicotinic acetylcholine
receptors with nicotine has analgesic efficacy as an adjuvant
for postoperative pain,® °~*? but its use is limited by side-
effects such as nausea, autonomic dysfunction, and con-
cerns about addiction to nicotine. Choline is a nutritional
supplement that selectively activates a7 nicotinic acetylcho-
line receptors’® ** and potentially «:8,«9-containing nicotinic
receptors’® but not the a4P2 subtypes that are associated
with nausea and addictive properties or the a334 subtypes
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that are expressed in the autonomic nervous system.
a7-containing nicotinic receptors are expressed in the
central and peripheral nervous system and on immune
cells where their activation reduces the production of inflam-
matory cytokines via a pathway that involves the transnu-
cleation of nuclear factor kappa b and decreased
production of tumour necrosis factor (TNF).*6 Systemically
administered choline has been shown to have analgesic effi-
cacy in preclinical trials potentially through a reduction in
surgically induced inflammation.*’~%3

In this double-blind, randomized trial, we tested the
hypotheses that oral choline supplementation can raise
plasma choline concentration, mitigate the inflammatory
response to surgery via the TNF pathway, and thus
result in analgesia. To test this hypothesis, we enrolled
60 women who planned open gynaecological surgery
into a double-blinded randomized trial of choline
supplementation.

Methods

Ethical approval for this double-blind, placebo-controlled
pilot study was obtained by the Institutional Review Boards
at Columbia University Medical Center and The University of
California, San Francisco. The trial is registered with clinical
trials.gov (NCT00720343) and is conducted under investiga-
tor IND 101516 from the FDA.

Sixty women between the ages of 18 and 60 were
recruited at a preoperative visit at Columbia University
Medical Center who planned hysterectomy or myomectomy
through a low transverse incision (Fig. 1). Chronic pain or
pain medication use, tobacco use, choline or soy intolerance,
active psychiatric disease, pregnancy, and lactation were ex-
clusion criteria.

Each subject was assigned via a random allocation table
maintained by the research pharmacy to receive either
choline supplementation or placebo study drug (gelatin).

CONSORT flow diagram

Enrolment

Assessed for eligibility (n=141)

Excluded (n=81)
+ Not meeting inclusion criteria (n=34)

> ¢ Declined to participate (n=47)

Randomized (n=60)

v

Allocated to choline (n=30)
+ Received allocated intervention (n=29)

+ Did not receive allocated intervention
(cancelled surgery) (n=1)

A 4

Lost to follow-up (n=0)

Discontinued intervention (n=0)

Analysed (n=29)
+ Excluded from analysis (n=0)

Fig 1 Consort Diagram.

250

Allocation A 4

Follow-Up

Analysis

Allocated to placebo (n= 30)
+ Received allocated intervention (n=29)

+ Did not receive allocated intervention (forgot
to take study drug) (n=1)

Lost to follow-up (n=0)

Discontinued intervention [Did not have
general anesthesia per protocol, thus could not
receive second dose per OG tube (n=1)]

Analysed (n=28)
¢ Excluded from analysis (n=0)
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Randomization was achieved using a block design. The
subject was given a sealed bottle of 10 study tablets that
had been prepared by the pharmacy and was instructed to
take them with dinner the night before surgery. Choline
was provided as GNC Triple Lecithin 1200 choline tablets.
Ten tablets contain 12 g of high choline lecithin and 4.2 g
phosphatidyl choline. A second dose of study drug was admi-
nistered by the clinical anaesthesiologist as a slurry through
the oral gastric tube that was placed after induction of
general anaesthesia. The slurry was prepared by the research
pharmacy for use by the clinical anaesthesiologist. Twenty-
four grams were chosen as the maximum tolerated dose
as oral intake of more than 25 g was found to cause
nausea.*

On enrolment, the subjects provided a baseline blood
sample for measurement of plasma choline and TNF.
Plasma choline concentration was measured at five time
points (Fig. 2). (1) The baseline concentration on enrolment,
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Fig 2 Plasma choline concentrations. Plasma choline (g ml™?)
concentration levels are measured for the placebo and choline
supplementation cohorts at baseline, intubation, end of
surgery, 1 h after surgery, and 24 h after surgery in patients
who (a) were treated with succinylcholine and (8) were treated
with a non-depolarizer. Baseline plasma choline concentrations
are not significantly different between the two groups. Plasma
choline concentrations are significantly higher in the choline
cohort at all other measurements (P=0.038).

(2) after induction of general anaesthesia but before the
second choline dose, (3) at the completion of surgery
(reflecting the second choline dose administered at the be-
ginning of surgery through the oral gastric tube), (4) 1 h
after surgery coincident with pain scores, and (5) 24 h after
surgery coincident with pain scores. TNF was tested on enrol-
ment and 1 h after surgery with choline measurement #4.

On the morning of surgery, the subject confirmed that
they had taken the study drug as directed. The study protocol
specified that subjects who did not take the study drug
dropped from the protocol. Study personnel provided the
clinical anaesthesiologist with the subject’s second dose of
study drug slurry which was administered into the oral
gastric tube after induction of general anaesthesia and in-
tubation by the anaesthesiologist.

Anaesthesia was provided by clinical anaesthesiologists at
Columbia University Medical Center who were not involved
with the study. Anaesthesia was induced with propofol and
succinylcholine was used to facilitate tracheal intubation.
During the study, there was a nation-wide shortage of suc-
cinylcholine and some patients had general anaesthesia
induced with propofol and rocuronium as noted. Sevoflurane
was used for anaesthesia maintenance with 0.1-0.2 mg
kg~! morphine given intraoperatively at the discretion of
the anaesthesiologist. Metoclopramide 10 mg was adminis-
tered iv. after induction of anaesthesia to facilitate
passage of the second dose of the study drug. Ketorolac
15 mg was administered i.v. at the conclusion of surgery.

All subjects received standard postoperative care, with
treatment in the postoperative care unit. Patient-controlled
analgesia was provided on admission to the recovery room
with morphine at 1 mg demand dose, 6 min lock out, and
1 h maximum of 10 mg. The patient had access to additional
clinician boluses of 3 mg morphine every 5 min to a
maximum of 12 mg morphine or the equivalent hydromor-
phone at a 5:1 ratio. If pain was inadequately treated with
this regimen, there was an option to increase the patient
demand dose to 1.5 mg morphine and the 1 h maximum
to 15 mg. Ketorolac was dosed 15 mg every 8 h for 24 h.

The primary outcome variable was numerical rating scale
(NRS) pain score 1 h after surgery. NRS was queried at rest
and with movement (cough) 1 h after surgery and 24 h
after surgery and at the postoperative visit 2 weeks later.
Opioid medication use, nausea/vomiting NRS scores, and
sedation scores and wound integrity were planned second-
ary outcomes.

Plasma choline was measured with high performance
liquid chromatography.?®> TNF was measured after stimula-
tion of whole blood with lipopolysaccharide at 0, 0.1, 1, 10,
and 100 ng ml~* according to our previously described proto-
col.?® TNF concentration was measured using DuoSet Elisa
Development kit for human TNF (R&D Systems #DY210)
according to the manufacturer’s instructions.

Patient wounds were assessed 24 h after surgery and at
the postoperative visit which took place normally 2 weeks
after surgery. The wound was photographed with a digital
camera from 12 in away, draped in blue surgical towels.
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The photographs were scored by a gynaecologist (R.J.M.)
according to a validated rubric that considers serous dis-
charge, purulent discharge, erythema, and wound separ-
ation.?” As the incidence of complications was small, only
the incidence was compared between groups 24 h after
surgery.

Sample size estimation

Our sample size was determined based on our primary
outcome variable, NRS at 1 h after surgery. In our previous
trial using a similar population, our control group reported
NRS scores of 4.7 (1.8) in our control group. As such, we
chose an evenly divided group of 60 subjects to have 80%
power to detect a true effect of 1.3 numerical analogue
scale for pain (NAS) and 90% power to identify a true
effect of 1.5 at P<0.05, based on a two-sided t-test for un-
paired data. We chose this reduction in NRS score as being
clinically valuable. For comparison, the addition of 1 g acet-
aminophen after surgery reduces patient pain report ~1.5
NAS points.”® Using this study design, we would expect to
detect a pain relief effect of choline if it were at least as sig-
nificant as that derived from acetaminophen.

Statistical analysis

The pharmacokinetic properties of oral choline supple-
mentation were evaluated with NONMEM (ICON solutions;
Silver Springs, MD, USA) and PLT tools (PLTsoft, San Francisco,
CA, USA) using the built-in ADVAN2 routine for a one-
compartment model with oral absorption. The modelincluded
baseline (endogenous) choline concentration before drug
administration. The fact that a subset of patients received
an i.v. bolus of succinylcholine allowed for evaluation of
absolute oral bioavailability. Each milligram of succinyl-
choline administered provided 0.36 mg of choline to the
central compartment. Each oral dose of study drug contained
4.2 g phosphatidyl choline and thus 569 mg choline. Choline
concentrations at each measurement (described in Fig. 2)
were evaluated with respect to study group and succinylcho-
line dosing using repeated-measures analysis of variance
(anova) in NONMEM.

The primary outcome variable and all other pain scores,
NRS scores for nausea, and sedation were compared
between groups with a two-sample t-test with equal or
unequal variance as appropriate. The relationship between
choline concentration and NRS score and choline concentra-
tion and TNF concentration was evaluated with the Pearson
correlation coefficients using SAS (SAS Institute, Cary,
NC, USA).

Results

Sixty women who planned gynaecological surgery were en-
rolled between February 2009 and May 2011. Fifty-seven sub-
jects had analysable data. One subject forgot to take the
study drug, another cancelled surgery for personal reasons,
and a third did not have general anaesthesia and thus did
not receive the second drug dose or blood testing after the
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baseline. Patient characteristic and surgical characteristics
did not differ between study groups (Table 1).

Oral administration of phosphitidyl choline-enriched leci-
thin resulted in an increase in plasma choline concentration
at the end of surgery and at the 1 h post-surgical time point
corresponding to the primary outcome variable pain score
[5.8 (2.2) vs 7.4 (1.7) end of surgery, 7.4 (5.2) vs 8.8 (3.2)
1 h after surgery; anova P=0.038]. Treatment with succinyl-
choline on induction of general anaesthesia was associated
with a large peak in plasma choline concentration that
quickly dissipated and was not detectable by 1 h after
surgery (Fig. 2, anova P=8.5 E-12). Pharmacokinetic values
representing oral choline administration are characterized
by a one-compartment model with very slow oral absorption
and rapid elimination. The half-time for oral absorption in a
patient of median weight is 13.9 h (Table 2). The half-time
for elimination is relatively rapid (8.2 min). Oral bioavailability
was nearly complete.

TNF measured at the end of surgery was not lower in
patients who received the oral choline supplementation
(Fig. 3). There was no correlation between plasma choline
and TNF concentrations (Pearson’s correlation coefficient=
—0.17,P=0.22).

Postoperative pain at rest or with cough was not different
in patients treated with choline at any time point (Fig. 4). The

Table 1 Demographic Data. The characteristics data continuous
data are median (IQR). Categorical data are %—note ethnicity does
not add 100% as Hispanic subjects may have identified as black or
white. There are no significant differences between the groups

Choline (n=29) Placebo (n=28)

Age (yr) 42 (38-47) 43 (34-46)
Height (m) 1.63 (1.60-1.68) 1.63 (1.60-1.68)
Weight (kg) 79 (61-88) 77 (63-91)
Ethnicity

Hispanic (%) 28 34

Black (%) 70 66

White (%) 21 28

Asian (%) 7 3
Surgery length (h) 2.9 (2.3-3.2) 2.9 (2.5-3.6)

% Myomectomy 45% 66%

Interoperative 150 (144-250) 175 (150-250)
fentanyl (n.g)
Interoperative 10.0 (8.4-12.5) 10.0 (7.0-10.0)

morphine (mg)

Table 2 Pharmacokinetic model for oral choline

Value 95% confidence interval
Volume (litre) 3.2 2.3-4.0
Clearance (h™ 1) 5.1 3.5-7.7
Ka (h™?) 0.05 0.02-0.09
Oral bioavailability (%) 100
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amount of morphine used in the first hour after surgery was
similar between the groups [4.0 mg (1.0-8.0)—placebo, 3.6
mg (1.0-6.0)—choline] as was the cumulative morphine at
24 h [48 mg (33-62)—placebo, 49 mg (31-71)—choline].
There was no correlation between TNF concentration and
postoperative pain (Pearson’s correlation coefficient=—0.05,
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LPS (ng mI")

Fig 3 Tumour necrosis response. TNF release from macrophages
with lipopolysaccharide (LPS) stimulation. As concentration of
LPS (ng ml™?) is increased, TNF (ug ml™ %) release is also
increased. There is no difference in TNF response in patients
treated with choline.

Pain at rest
10

NRS
1

Choline Placebo Choline Placebo Choline Placebo

1h 24 h Post-operative
visit
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P=0.78) or plasma choline concentration and postoperative
pain report (Pearson’s correlation coefficient=—0.05,
P=0.78). There was no difference in the reported nausea or
incidence of vomiting between treatment groups at any
time point. There was no difference in patient satisfaction
according to study group allocation.

Two of 29 subjects treated with choline had a wound com-
plication at 24 h, both with tissue separation, erythema, and
serous exudate. One was treated with a wound vacuum. In
the placebo group, six of the 28 subjects had wound compli-
cations, including tissue separation erythema and serous
exudate. All complications had resolved by the postoperative
visit at 2 weeks. There was no difference in the incidence of
wound complications at 24 h or at the postoperative visit
between groups (P=0.14).

Discussion

Oral administration of a choline-rich supplement in the peri-
operative period resulted in a small but significant increase
in plasma choline concentration rather than the expected
decrease after surgery.’® *° However, increased choline con-
centration was not correlated with lower plasma TNF concen-
tration or lower pain scores at any time after surgery. These
results taken together suggest that perioperative oral supple-
mentation with choline would not be an effective strategy to
reduce pain and opioid requirements in the perioperative
period. The relatively small increase in plasma choline con-
centration in response to two large oral doses is surprising,
given the results of prior pharmacokinetic studies. Choline

Pain with coug
10+

T T T
Choline Placebo Choline Placebo Choline Placebo

1h 24 h Post-operative
visit

Fig &4 Postoperative pain response NRS scores (0-10) for pain at rest and at movement (simulated with a cough) in placebo and choline sup-
plementation cohorts. Scores are self-reported and taken 1 h after surgery, 24 h after surgery, and at the postoperative visit (~1 week after

surgery).
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supplementation has been studied for a variety of indications
and has been given as a diet of choline-enriched foods,
choline chloride, and as lecithin enriched in phosphatidyl
choline.?* 3*~3* The largest sustained increases in plasma
choline were produced with phosphatidyl choline supple-
mentation.?* 3° In general, patients tolerate about 25 g of
oral lecithin without side-effects, while higher doses may
be associated with reduced appetite, vomiting, and diar-
rhoea.>® We chose as our dose that which we thought
would be the maximum tolerated oral dose. Perioperative
dosing might not be as efficient as that achievable under
controlled conditions in a metabolic unit; however, our phar-
macokinetic analysis suggested that despite the potential
effects of surgery on bowel function, we achieved nearly
100% oral bioavailability. The half-life of absorption was
slow, while the half-life of elimination (likely redistribution)
was relatively rapid leading to only a small increase in
plasma drug concentration. It is possible that the periopera-
rive state resulted in slowed absorption that could not keep
up with redistribution/elimination. It would likely be more ef-
ficient to increase choline in this setting through i.v. admin-
istration that would be more easily controlled.

Given the very small increase in plasma choline associated
with study drug administration, we can conclude either that
this increase was too small to cause the decrease in plasma
TNF response that was found in pre-clinical studies, by our-
selves and others, or that there is a species difference.
Given that the small increase in choline concentration did
not induce a reduction in TNF concentration (as a prototypic-
al inflammatory mediator affected by a7 nicotinic activa-
tion), it is not surprising that there was no difference in
pain outcomes.
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