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Klinikum, Berlin, Germany

Abstract

Objective: Choline is related to phospholipid metabolism and is a marker for global ischaemia with a small reference range
in healthy volunteers. The aim of our study was to characterize the early kinetics of plasma free choline in patients after
cardiac arrest. Additionally, we investigated the potential of plasma free choline to predict neurological outcome.

Methods: Twenty patients admitted to our medical intensive care unit were included in this prospective, observational trial.
All patients were enrolled between May 2010 and May 2011. They received post cardiac arrest treatment including mild
therapeutic hypothermia which was initiated with a combination of cold fluid and a feedback surface cooling device
according to current guidelines. Sixteen blood samples per patient were analysed for plasma free choline levels within the
first week after resuscitation. Choline was detected by liquid chromatography-tandem mass spectrometry.

Results: Most patients showed elevated choline levels on admission (median 14.8 mmol/L; interquartile range; IQR 9.9-20.1)
which subsequently decreased. 48 hours after cardiac arrest choline levels in all patients reached subnormal levels at a
median of 4.0 mmol/L (IQR 3-4.9; p = 0.001). Subsequently, choline levels normalized within seven days. There was no
significant difference in choline levels when groups were analyzed in relation to neurological outcome.

Conclusions: Our data indicate a choline deficiency in the early postresucitation phase. This could potentially result in
impaired cell membrane recovery. The detailed characterization of the early choline time course may aid in planning of
choline supplementation trials. In a limited number of patients, choline was not promising as a biomarker for outcome
prediction.
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Introduction

The use of mild therapeutic hypothermia has become standard

of care for patients after cardiac arrest in order to improve

neurological outcome. While many nonspecific details of intensive

care for cardiac arrest patients may have changed over time

contributing to higher overall survival of patients with initially

successful resuscitation, further specific treatments for hypoxic

encephalopathy are lacking.

Choline is related to phospholipid metabolism and has been

investigated as a marker for global tissue ischaemia.[1–4] There is

evidence that phospholipase A2 releases choline during membrane

breakdown after hypoxia.[2] The supplementation of citicoline as

precursor of choline has been investagted as neuroprotective and

neuro-regenerative treatment after ischemic stroke. A meta-

analysis suggests a benefit but a recent clinical trial could not

confirm a positive effect in stroke patients. [5,6] In patients after

cardiac arrest, the whole brain has suffered from a relatively short

time of ischemia as compared to ischemic stroke. Thus, neuro-

regenerative effects of choline could in principle be more

pronounced in cardiac arrest patients as compared to ischemic

stroke patients. Reference plasma free choline levels in healthy

volunteers have been described in several studies.[7,8] The time

course of plasma free choline levels in patients after cardiac arrest,

however, has not been determined in detail yet. In this pilot trial,

serial plasma free choline (PLCHO) levels in 20 patients after
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cardiac arrest undergoing mild therapeutic hypothermia were

analyzed to characterize the temporal profile of choline levels early

after cardiac arrest.

Furthermore recommended hypothermia treatment may inter-

fere with the validity of several neurological outcome prognosti-

cation parameters and additional novel parameters may increase

the validity of outcome prediction in a multiparameter appor-

ach.[1–4,9,10] Several biomarkers of brain cell damage such as

protein S-100 and neuron-specific enolase (NSE) have been

evaluated and are used for outcome prediction, with NSE cut-off

levels substantially higher in hypothermia treated patients.[9–11].

In our study with a limited number of patients, we therefore

included an analysis of plasma free choline levels as a potential

novel biomarker for outcome prediction.

Materials and Methods

The study protocol was approved by the local ethics committee

on human research of the Charité University Hospital and was

conducted in accordance with the guidelines of the Declaration of

Helsinki. For all patients a healthcare proxy was assigned by a

court order to give written informed consent as all cardiac arrest

survivors were unconscious on admission. The local ethics

committee approved including patients on admission before the

healthcare proxy was available. All patients received mild

therapeutic hypothermia irrespective of their initial cardiac

rhythm according to current guidelines and local standard

operating procedure. Mild therapeutic hypothermia was initiated

immediately after admission with an intravenous infusion of cold

saline (4uC, 1000–1500 ml bolus) followed by surface cooling with

a commercially available, non-invasive, computer controlled

cooling device (ArcticSun2000H C.R.BARD, Colorado USA).

The target temperature of 33uC was maintained for 24 hours,

followed by a controlled rewarming procedure with 0.25uC/hour.

Twenty patients were enrolled in this study between May 2010

and May 2011 and blood was taken serially at sixteen different

time points. EDTA blood collection tubes (BD PPTTM; BD, NJ,

USA) were used and all samples were centrifuged at 2.0166g for

10 minutes and then stored at 280uC in order to guarantee

sample stability. PLCHO levels were analyzed as defined in our

study protocol (see also Figure 1 for time points). During the first

24 hours, samples were collected in short time intervals due to

choline’s short half-life of approximately 10–25 minutes, further-

more we expected major changes during the first hours after

return of spontaneous circulation (ROSC) during hypothermia

treatment.[12] We used liquid chromatography-tandem mass

spectrometry to determine the PLCHO levels as previously

described.[13] The measurements were carried out at the

laboratory of Bevital (www.bevital.no; Bergen, Norway). In six

patients, plasma free choline levels were not determined at 30 and

90 minutes after ROSC, because percutaneous catheter interven-

tion was performed at these time points. Therefore, from a total of

320 samples (16 time points, 20 patients), 6 samples are missing (2

at 30 minutes and 4 at 90 minutes after ROSC).

The software Statistical Package for the Social Sciences (SPSS

version 20, SPSS Inc.; Chicago, Illinois USA) was used for

statistical analysis. Since data were not normally distributed, we

performed descriptive statistics by using medians and interquartile

ranges (IQR) and non-parametric statistical tests (Mann-Whitney

U Test, Wilcoxon signed-rank test). Normal distributed numbers

have been tested with Pearson test for correlation. GraphPad

Prism, version 6.0 for mac (GraphPad Software; La Jolla,

California USA) was used to design the graphs.

Results

Baseline characteristic of the study population are given in

Table 1. There was no significant difference concerning time to

ROSC (median 22.5, IQR 15.25–40 minutes; p = 0.67) as well as

for dosage of adrenaline (epinephrine) (p = 0.43) between the

outcome groups.

Choline after cardiac arrest
The reference laboratory in Norway (Bevital; Bergen, Norway)

specifies the reference median level to be 8 mmol/L (5th–95th

percentile 5–12 mmol/L).[7] Most patients showed elevated

choline levels on admission (Figure 1). Median choline levels on

admission were at 14.8 mmol/L (IQR 9.9–20.1) and started to

decrease after six to twelve hours in almost all patients. After

48 hours they reached subnormal concentrations with a median of

4.0 mmol/L (IQR 3–4.9). The decrease was significant (p = 0.001)

compared to the baseline level on admission. However, after

96 hours choline levels increased again and reached normal

concentrations over the next days of the study period (p = 0.002).

The target temperature of 33uC during mild therapeutic

hypothermia treatment was reached in all patients and rewarming

was initiated after 24 hours of maintenance. Of note, all patients

had normal temperature at the time of lowest choline levels

72 hours after ROSC and interestingly PLCHO levels remained

low for further 48 hours after return to normal body temperature

(Figure 1 and Figure 2). The overall lowest choline concentrations

were measured 48–72 hours after ROSC. There was no

significant correlation between choline levels and body tempera-

ture at any time point (p.0.05).

Choline levels and outcome
Overall 40% of the study population (8/20 patients) achieved

good outcome (cerebral performance category; CPC 1–2), and

40% of the patients died (CPC 5). For further outcome analyses

patients were subdivided into two groups according to neurolog-

ical outcome (group 1: good recovery, CPC 1–2, n = 8; group 2:

poor outcome, CPC 3–5, n = 12). Patients with poor outcome

(group 2) showed slightly higher PLCHO levels on admission,

15.9 mmol/L (10.3–23.4) as compared to 12.9 mmol/L (8.7–19) in

the good outcome group, without significance (p = 0.75) (Figure 3).

At 90 minutes after ROSC 8 out of 11 patients with poor outcome

(group 2, n = 12, one missing value) showed choline concentrations

.13 mmol/L whereas in the group with good outcome 4 out of 5

patients (group 1, n = 8, three missing values) remained below this

value. At 90 minutes after ROSC, 4 out of 11 patients with poor

outcome had choline levels above 17.2 mmol/L, but none of 5

patients with good outcome. In this limited patient cohort,

however, we noted no significant difference in plasma choline

levels, and no patient with dramatic choline increases which might

have suggested a potential for outcome prediction and determi-

nation of a cut-off level.

Discussion

This is the first study characterizing the pattern of plasma

choline in hypothermia treated patients after cardiac arrest over

seven days, undergoing 24 hours of hypothermia treatment at

33uC. Serial choline levels changed significantly with respect to the

reference range. Our main finding is an increase of plasma choline

levels shortly after resuscitation followed by a sustained and

profound decrease between 48 hours and five days after cardiac

arrest. Our data based on a limited number of patients do not
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Figure 1. Plasma free choline concentration throughout the study. Dotted line: lower limit reference range; dashed line: upper limit
reference range.
doi:10.1371/journal.pone.0076720.g001

Table 1. Baseline characteristics.

Variable good outcome poor outcome p-value

(CPC 1–2) (CPC 3–5)

n = 8 n = 12

Age (years), median (IQR) 60.5 (52.7–76) 69.5 (43–73.7) 0.847

Female Sex, n (%) 1 (12.5) 5 (41.6) 0.174

APACHE II Score, median (IQR) 30 (22.7–39.5) 27 (19–32) 0.263

Out of hospital cardiac arrest, n (%) 6 (75) 10 (83.3) 0.656

Shockable rhythm, n (%) 7 (87.5) 2 (16.7) 0.002

Witnessed arrest, n (%) 7 (87.5) 7 (58.3) 0.174

Bystander CPR, n (%) 7 (87.5) 4 (33.3) 0.02

Time to ROSC (min), median (IQR) 22.5 (9.7–39) 23 (15.2–40) 0.670

Total adrenaline dose (mg), median (IQR) 4 (1.6–5.5) 4.5 (3.2–5.7) 0.433

NSE day 3 mg/L), median (IQR) 23 (19–54.5) 164.4 (68–254) 0.003

Time on ventilator (hours), median (IQR) 273 (191.5–598.5) 194.5 (136.2–335.7) 0.247

Length of stay (days), median (IQR) 21.5 (10.2–36.5) 9.5 (5.5–25.5) 0.177

APACHE = acute physiology and chronic health evaluation; CPR = cardiopulmonary resuscitation; CPC = cerebral performance category scale; NSE = neuron specific
enolase; ROSC = return of spontaneous circulation
doi:10.1371/journal.pone.0076720.t001
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Figure 2. Changes of plasma free choline levels (median and interquartile range) in relation to the body temperature (median).
doi:10.1371/journal.pone.0076720.g002

Figure 3. Plasma free choline concentration throughout the study in both subgroups.
doi:10.1371/journal.pone.0076720.g003
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indicate a revelant potential of choline levels for outcome

prediction.

Previous trials described a release of choline from hypoxic tissue

into the plasma and therefore elevated PLCHO levels.[1,2] The

extent of choline release may reflect the severity of global tissue

damage due to hypoxia. In our study most patients showed

elevated PLCHO levels on admission after successful resuscitation.

Patients with poor outcome showed slightly higher levels, but the

difference was not statistically significant. The use of PLCHO for

risk stratification in patients with acute coronary syndrome has

been described before.[14–16] In an animal model moderate

global hypoxia resulted in an increase of choline in the blood.[2]

However, in our study with a limited number of patients after

cardiac arrest the difference between outcome groups was

relatively small and did not indicate a relevant potential for poor

outcome prognostication with high specificity.

In contrast to the initial choline levels within the first hours after

cardiac arrest, a significant decrease of choline concentrations to

low or even subnormal concentrations starting six to twelve hours

after ROSC and affecting all patients was observed. Whether the

decline of choline levels in the rewarming phase is coincidental or

pathophysiological related remains unknown. There was no

significant correlation between choline levels and body tempera-

ture at any time point.

However the increased perfusion and metabolism of previously

cooled tissue during this phase provides a plausible explanation for

a mismatch between an increased tissue demand for choline and

choline supply leading to an profound decrease of plasma choline

at this time. A decrease of choline levels in acute disease, injury

and surgery has been described previously.[17] Metabolic effects

of the neurohumoral stress response have been suggested as a

potential mechanism for this decline. Figure 3 shows that choline

levels further decline as the patient is rewarmed after hypothermia.

In our study a profound decrease of choline levels in patients

below the fifth percentile of the reference range (,5 mmol/L) was

found. A decrease of serum choline from initial values of

12.360.5, 12.160.4 and 11.460.4 mmol/L has been described

for patients undergoing surgery (hysterectomy, off-pump coronary

artery grafting surgery and brain tumor surgery) with a mean level

of 7.9 mmol/L as the lowest value.[17] Ulus et al. showed a choline

decrease to 7.160.9 mmol/L two days after surgery in patients

undergoing major surgical intervention or childbirth and after

traumatic head injury.[18].

Choline deficiency after cardiac arrest in the phase of the

postresuscitation syndrome might be different. During the

reperfusion syndrome after global hypoxia following cardiac arrest

one can speculate that ongoing tissue damage and tissue recovery

are potentially modified by mild therapeutic hypothermia.

Although it is known that choline will be released initially due to

tissue hypoxia, a decrease of choline to subnormal levels several

hours after global hypoxia could possibly indicate increased uptake

reflecting tissue repair and membrane synthesis.

Experimental data show that a combination of choline

(administered in a bound form such as citicoline) and hypothermia

is more effective than citicoline used alone in ameliorating cerebral

damage after transient focal ischaemia.[19] The approach of

choline substitution has only been evaluated in clinical trials with

focal ischaemia (intracranial haemorrhage and stroke) using

citicoline which is a choline metabolite and a precursor of

phosphatidylcholine that is involved in cell membrane synthe-

sis.[6] The results are contradictory so far. The ICTUS trial, a

double-blinded, randomized, placebo-controlled, multi-center

trial, did not find a benefit for choline substitution in patients

with moderate-to-severe ischaemic stroke.[5] The pathophysiology

of choline has been reviewed before in detail.[16] Secades et al.

evaluated the effect of citicoline in patients with acute primary

supratentorial hemispheric cerebral haemorrhage in a placebo-

controlled trial revealing the safety of administered citicolin to

humans.[20] The citicoline brain injury treatment (COBRIT) trial

in patients with traumatic brain injury, a randomized, double-

blind, placebo-controlled, multi-center trial, has investigated the

effect of 90 days of citicoline treatment on functional outcome in

patients with complicated mild, moderate, and severe traumatic

brain injury.[21] Patients received placebo or citicoline 1000 mg

twice a day, and the endpoint was a combination of different

functional outcome tests. The published final results showed no

improvement in functional and cognitive status between the

randomized groups.[22] This negative results in patients after

ischaemic stroke and traumatic brain injury underline the

difficulty in comparing focal ischaemia with global hypoxia after

cardiac arrest as stated before.

The detailed temporal profile of plasma free choline after

cardiac arrest and hypothermia of our pilot trial carries important

information for clinical trials investigating the potential of choline

supplementation after cardiac arrest. Our data also inform on the

relevant time points at which plasma choline determination should

be performed to assess the efficacy of supplementation to restore

blood choline levels. However, the prognostic implications of low

plasma choline levels for patient outcome and possible beneficial

role of choline supplementation in such patients remains

speculative at this time. A possible choline deficiency during cell

membrane regeneration and repair after cardiac arrest requires

further investigation, as choline is essentially needed for cell

membrane synthesis.[18,21,23] However low choline levels have

been associated with impairments in cognitive development in

other settings.[23] Supportive treatment of choline deficiency after

cardiac arrest might be a novel approach in survivors after cardiac

arrest to improve outcome. Choline is available for intravenous

and oral substitution. The importance of correcting choline

deficiency and adding choline to parenteral nutrition formulations

has been recently outlined by the Amercian Society of Parenteral

Nutrition but such recommendations are based on different

patient groups and are currently not valid for other specific settings

such as cardiac arrest.[24,25].

Conclusion

Plasma free choline levels were elevated immediately after

resuscitation and decreased significantly to subnormal levels within

48–72 hours in hypothermia treated patients after cardiac arrest.

During day two to five, we observed a sustained decrease of plasma

choline. Subsequently concentrations recovered to normal levels at

approximately six days after resuscitation. Choline deficiency

during the reperfusion syndrome after global hypoxia might also

indicate increased uptake reflecting tissue repair and membrane

synthesis. If early choline deficiency after resuscitated cardiac arrest

is a relevant pathophysiological mechanism, choline supplementa-

tion could represent a novel therapeutic strategy to improve

neurological outcome in addition to the current standard of care.

Key Messages

N Patients after cardiac arrest have initially elevated plasma

choline levels on admission followed by a significant decrease

to subnormal levels after 48–72 hours and a recovery within

six days.

N Choline supplementation after cardiac arrest might be a novel

therapeutic strategy to improve neurological outcome.
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