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Abstract

Phosphatidylethanol is a direct alcohol biomarker for identifying alcohol misuse. It carries several
advantages over other alcohol biomarkers including a detection half-life of several weeks and little
confounding by patient characteristics or organ dysfunction. The aim of this study is to derive an
optimal phosphatidylethanol cutpoint to identify organ donors with alcohol misuse, and to assess
the impact of alcohol misuse on organ allocation. Discrimination of phosphatidylethanol was
evaluated using the area under the ROC curve from a mixed effects logistic regression model.
Phosphatidylethanol had an area under the ROC curve of 0.89 (95% CI 0.80-0.98). A
phosphatidylethanol cutpoint of =84 ng/mL provided optimal discrimination for the identification
of alcohol misuse with a sensitivity of 75% (95% CI 52.9%-89.4%) and a specificity of 97% (95%
Cl 91%-99%), a positive predictive value of 82% (95% CI 59%-94%), and a negative predictive
value of 95% (95% CI 89%—-98%). In critically ill deceased organ donors phosphatidylethanol had
good test characteristics to discriminate alcohol misuse. Other alcohol biomarkers performed
poorly in deceased organ donors. Liver allocation was decreased in donors with alcohol misuse by
proxy history, but not in those with phosphatidylethanol >84 ng/ml, revealing possible information
bias in liver allocation.
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INTRODUCTION

Alcohol misuse accounts for 88,000 deaths in the United States (US) every year, making it
the fourth leading preventable cause of death in the US and the 12t leading cause of death
overall.12 Alcohol misuse encompasses two patterns, binge drinking and chronic heavy
drinking, which contribute to a dysregulated immune response in acutely ill patients and is
associated with more severe organ dysfunction than patients without alcohol misuse.13
Twenty seven percent of the US population admits to alcohol misuse.* Of all driving
fatalities, 31% are attributable to excessive alcohol use, along with an overall increased
morbidity and mortality from injuries such as falls, violence and burns.>-8 Therefore, it is
not surprising that almost 1 out of every 6 organ donor has a history of alcohol misuse.®
Nearly one third of organ donors are 18-34 years old, an age demographic with known high
risk drinking behaviors, where 50% admit to recent binge drinking.*

Solid organ transplantation from deceased donors is a complicated and aggressive treatment
for advanced organ failure. A donor’s alcohol consumption history is obtained by-proxy
after the donor is deceased but prior to organ allocation and recovery.19 Alcohol misuse in
organ donors may have implications during the transplant process and has been associated
with an increased risk of primary graft dysfunction in lung and heart transplant recipients.
11-13 While there are no investigations into the accuracy and reliability of proxy history data
in deceased organ donors, the addition of objective alcohol biomarkers to proxy history in
organ donors could improve the accuracy and understanding of a donor’s recent alcohol use.
Alcohol biomarkers routinely utilized in the clinical setting to screen for alcohol misuse,
including blood alcohol content (BAC), gamma-glutamyltransferase (GGT), aspartate
aminotransferase (AST), alanine amino transferase (ALT), and mean corpuscular volume
(MCV), are metabolized quickly or are confounded by a donor’s demographics,
comorbidities and organ dysfunctions.14-16 Phosphatidylethanol (PEth), a direct alcohol
biomarker, is a byproduct formed on the phospholipid membrane of red blood cells in the
presence of alcohol.17:18 Measurable in the blood for up to three weeks in heavy daily
consumers, PEth is not confounded by demographics, comorbidities or organ dysfunction.
With a sensitivity frequently reported above 90%, PEth has also repeatedly exhibited better
sensitivity for estimating heavy alcohol consumption than other alcohol biomarkers, and the
specificity of PEth, which reaches nearly 100%, is an extremely reliable test for recent
alcohol abstention.17:19-23 PEth has been previously investigated for assessing alcohol
misuse in various settings including the outpatient clinic, alcohol treatment programs, and in
the intensive care unit.17.24-26

The aim of this investigation is to assess alcohol misuse in the organ donor population. Our
hypothesis is that PEth will be an effective biomarker for identifying alcohol misuse in organ
donors. Our primary aim is to identify an optimal PEth cutpoint for identifying alcohol
misuse in this cohort. A secondary aim includes assessing whether identification of alcohol
misuse in organ donors leads to a decrease in the number of organs recovered for
transplantation. The results from this study may better inform the role of alcohol misuse on
transplant recipient outcomes and improve the organ allocation process.
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Between August 2016 and March 2017, whole blood samples were collected from deceased
organ donors at the time of transplantation by the local organ procurement organization
(OPO), Gift of Hope (GOH), in Itasca, IL. Additionally, whole blood samples were collected
from a second cohort of brain dead organ donors who were deemed suitable for lung
donation at Loyola University Medical Center (LUMC) between February 2015 and
February 2017. Demographic, medical history, proxy alcohol history, and organ allocation
data were collected from donor charts provided by the OPO or obtained through DonorNet.
The Institutional Review Board of Loyola University Chicago approved this study
(LU204490). All donors were consented for research by-proxy before samples were
collected.

Alcohol Biomarkers

Alcohol Use

Values for clinically utilized alcohol biomarkers such as AST, ALT, GGT, and BAC were
obtained from donor charts. The standard range derived from the clinical laboratory (Quest
Diagnostics, Chantilly, VA) that serves health systems was used to identify the upper and
lower limits of normal for AST, ALT, and GGT. The first measured values after hospital
admission were chosen for inclusion into the study. Whole blood and serum were collected
on donors at procurement and brought back to the OPO or directly to LUMC, and
maintained at 4°C for less than 24 hours.27:28 40uL of vortexed whole blood was then used
to create dried blood spots which are stable at room temperature for up to one year.27:29
These samples were then sent to the United States Drug Testing Laboratories (USDTL, Des
Plaines, IL) for analysis of PEth by liquid chromatography—mass spectrometry (LC-MS).2°
This method measures the most prevalent PEth isomer (palmitoyl/oleoyl) in human blood, a
phospholipid containing 16:0 and 18:1 fatty acids. The limit of detection was 2 ng/mL, the
limit of quantitation was 8ng/ml and the assay is linear up to 800 ng/mL. Frozen aliquoted
serum which was received within six hours of procurement was sent to Quest laboratories
(Quest Diagnostics, Chantilly, VA) to determine serum levels of percent carbohydrate
deficient transferrin (%6CDT). Serum analysis was conducted in a manner similar to that
proposed by Schellenberg et al. using rate-nephelpometric determination after anion-
exchange separation.30 Values are reported if greater than 1.5%.

Classification and Reference Standard

The alcohol use reference standard utilized in this investigation is by proxy history. Since
this cohort is composed of brain dead organ donors who are unable to participate with more
accepted reference standards, such as alcohol consumption recall and validated
questionnaires such as the Alcohol Use and Disorder Identification Test, the reference
standard is limited by bias’s inherent to the proxy and their relationship to the donor.
Alcohol misuse in the donor cohort was defined according to the Centers for Disease
Control (CDC) definition for excessive alcohol use: >1 drink per day on average or =4
drinks consumed on one occasion in one month for women; >2 drinks per day on average or
>5 drinks consumed on one occasion in one month for men.3 The UNOS definition of heavy
alcohol use is = 2 drinks per day for either sex. Alcohol intake from proxy histories was
quantified by the proxy responses on the Uniform Donor Risk Assessment Interview.10
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Statistical Analysis

Donor demographics and clinical characteristics were presented as counts and percentages
or medians and interquartile ranges for the overall sample and for each cohort (GOH,
LUMC), and cohorts were compared with the Wilcoxon rank sum tests for continuous
characteristics and chi-square or Fisher’s exact tests for nominal variables. Discrimination of
PEth for identifying alcohol misuse was evaluated using the area under the receiver
operating characteristic (ROC) curve from a mixed effects logistic regression model with
random intercepts for cohort. Sensitivity, specificity, positive predictive value (PPV) and
negative predictive value (NPV) were compared for select cut-points in PEth predicting
alcohol misuse based on proxy history, including the PEth level with the highest Youden
index (J).3 The area under the ROC (c-statistic) was computed for the optimal cut-point
based on Youden’s J, and 5,000 bootstrap samples were used to estimate the 95% confidence
intervals (ClI) for the overall sample and demographic subgroups. The nonparameteric
approach of DelLong et al. was used to compare the ROC curves between biomarkers against
the reference proxy-history.32 Analyses were performed using SAS Version 9.4 (SAS
Institute, Cary, NC).

RESULTS

A total of 140 brain dead organ donors had consent by proxy and were included in this
study, with 62% (n=87) from the Gift of Hope (GOH) donor cohort and 38% (n=53) from
the Loyola University Medical Center (LUMC) cohort. As expected of a cohort comprised
of entirely lung donors, the LUMC cohort was younger than the GOH cohort (median [IQR]
years: 27 [21-46] vs. 42 [26-55] years, p<0.001), and had lower body mass index (median
[IQR]: 25 [23-29] vs. 28 [25-34], p=0.006). Cause of death also differed by cohort
(p=0.001), as the LUMC cohort had higher rates of head trauma as cause of death (28% vs.
23%) and lower rates of anoxia (23% vs. 43%). The median time from hospital admission to
organ recovery was longer in the LUMC cohort (median [IQR] 3 [3-4] days vs 2 [2-5] days,
p=0.038), and blood samples retrieved for biomarker testing were performed at this time.

Based on proxy histories for the mixed-cohort, 15% (n=21) were found to have heavy
alcohol use based on the UNOS definition (=2 drinks/day) and 17% (n=24) were found to
have alcohol misuse based on the CDC definition. Any alcohol use was identified in 66%
(n=93). Using the UNOS definition, the proportions of heavy alcohol use were 20% (n=17)
in the GOH cohort and 7.5% (n=4) in the LUMC cohort (p=0.054). Using the CDC
definitions, the rates of alcohol misuse were 21% (n=18) in the GOH cohort and 11% (n=6)
in the LUMC cohort (p=0.154). Demographics for the mixed cohort comparing alcohol
misuse versus no misuse in organ donors are contained in Table 1. The donors in the
‘alcohol misuse group’ were older and more likely smokers than the ‘no misuse group’.

Alcohol Biomarkers Analysis

Median values of the measured direct and indirect alcohol biomarkers are contained in Table
2. BAC is not routinely obtained at hospital admission, and included are those values that
were available. Only %CDT where serum was processed within six hours of procurement
was included. BAC, PEth, and AST:ALT were significantly different between the ‘no
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alcohol misuse’ and “alcohol misuse’ groups. As a continuous measure, PEth had an area
under the ROC curve of 0.89 (95% CI 0.80-0.98). A PEth cutpoint of =84 ng/mL provided
optimal discrimination by Youden’s index (J) for the identification of alcohol misuse with a
sensitivity of 75% (95% CI 53%-89%), a specificity of 97% (95% Cl 91%-99%), a positive
predictive value (PPV) of 82% (95% CI 59%-94%), and a negative predictive value (NPV)
of 95% (95% CI1 89%—-98%). Sensitivity, specificity, PPV, and NPV were calculated for
alternative cut points for PEth and are included in Table 3. Based on dichotomized PEth (=
84 vs. < 84 ng/ml), the area under the ROC was 0.86 (95% CI: 0.76-0.94) overall and > 0.80
when examined by race, gender, and age subgroups (Table 4). Comparison ROC curves were
performed for additional alcohol biomarkers including ALT (AUC=0.5695, n=137,
p<0.001), AST (AUC=0.6225, n=137, p<0.001), AST:ALT (AUC=0.6932, n=137, p=0.007),
GGT (AUC=0.6319, n=128, p<0.001), and CDT (AUC=0.6389, n=69, p=0.091), all with
inferior AUC values to PEth (Figure 1). Table 5 contains the alcohol use, categorization of
alcohol misuse according to CDC definition and heavy alcohol use according to UNOS
based on PEth less than or greater than 84.

Impact of alcohol use on organ allocation

Overall, the median number of organs recovered per donor was 5 (IQR 2.5-6). The median
number of solid organs recovered for the GOH cohort was 3 organs (IQR 1-6) compared to
6 (IQR 6-7) in the LUMC cohort. Comparing the GOH and LUMC cohorts, there was a
difference in organ-specific recovery for all solid organs, with the LUMC cohort allocating
more organs than the GOH donors (data not shown). Table 6 contains organ allocation based
on a history of alcohol misuse, as well as on PEth grouping =84 or <84. Only liver allocation
was significantly different based on a history of alcohol misuse compared to no alcohol
misuse. Analysis was also conducted for the whole cohort (n=140), including those who
were not suitable for any solid organ donations, and there was no significant difference (data
not shown).

DISCUSSION

This investigation is the first to examine use of alcohol biomarkers to screen for alcohol
misuse in deceased organ donors. Using proxy histories as a reference standard, this study
identifies the direct alcohol biomarker, PEth, with a cut point of 84 ng/ml to discriminate
alcohol misuse in the deceased organ donor. PEth carried high sensitivity and specificity in
the overall cohort as well as in subgroups by age, sex and race. Conversely, more commonly
utilized alcohol biomarkers, such as ALT, AST and GGT, as well as %CDT had worse
discrimination. Liver allocation was decreased in those with an alcohol misuse history by
proxy, but it was not different between groups using a PEth cut point of 84. This signifies
that PEth could provide additional information that may affect organ allocation.

PEth was first discovered in the blood of ethanol-treated rats in 1983 and since then has been
studied in a variety of populations as a promising marker for assessing alcohol consumption.
21 The half-life of PEth, reported as 4 days, is not affected by age, sex, or body mass index.
19.33 with its longer half-life, PEth provides a larger window of recent alcohol use unlike
BAC which becomes undetectable within hours of consumption.18 In our cohort of deceased
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organ donors, indirect biomarkers for alcohol use, such as ALT, AST, GGT and %CDT were
unable to reliably identify alcohol misuse. Since indirect alcohol biomarkers are confounded
by non-alcohol related comorbidities this finding was not surprising.14-16

Previous investigations have identified various PEth cut points for a range of drinking
patterns in a wide array of settings.23:26:34-37 |n the outpatient setting, cut point levels for
PEth have resulted in proposed PEth levels ranging from 45 ng/ml to 700 ng/ml for chronic
heavy daily consumption.23:35:36 While there is a growing body of knowledge with validated
PEth cutpoint levels in the outpatient population, these cutpoints are not as well developed
for inpatient populations with only two investigations proposing PEth cut points of 155 and
250 ng/ml, respectively, for identifying inpatients with alcohol misuse.3*38 In the intensive
care unit (ICU), volume resuscitation, blood transfusions and medication interactions would
be expected to interfere with the reliability of any blood-based alcohol biomarker, as these
therapies could affect the availability and degradation of PEth. Despite the presence of these
confounders, PEth was still able to reliably identify those with alcohol misuse in the ICU,
both in our investigation and in a recent cohort of medical and burn ICU patients reported by
Afshar et al.26 In our investigation, median time between donor hospital admission and
sample acquisition was 3 days during which time the donor is unable to freely consume
alcohol. The half-life of PEth is approximately four days, yet individual variation can exist.
18,19 \We anticipated and observed that our PEth cutpoint is lower than PEth cut points
reported in other patient settings, as the organ donors abstained from alcohol for nearly one
half-life prior to PEth sample acquisition. Given the limited reports of PEth use in the ICU,
this investigation is adding to the growing body of evidence confirming PEth can be reliably
utilized in critically ill patients to help identify alcohol misuse instead of solely relying on
proxy histories.28

The prevalence of alcohol misuse in deceased organ donors in this investigation was 17%.
This is lower than reported in the general population (27%), which could be due to
underreporting by proxy.4 Substance use, such as alcohol misuse, has been associated with
an increased risk of developing primary graft dysfunction (PGD), and therefore it is
important to accurately understand a donor’s alcohol use history.1112 The addition of an
accurate objective direct alcohol biomarker such as PEth to a proxy history is desirable for
transplant physicians and surgeons in order to make educated decisions about organ
utilization in deceased organ donors. PEth is easy to obtain as a venipuncture or dried blood
spot sample, but is limited in use given a slow turnaround time of approximately seven days.
Transplant decisions need to be made within hours to days. Utilization of PEth as part of an
organ allocation/utilization decision would require that the assay improve to permit point-of-
care analysis, allowing for results in real-time.

Alcohol misuse in deceased organ donors did not lead to an overall decrease in rates of
organ recovery for transplant by proxy history or by PEth cutoff =84 ng/ml. The median
number of organs recovered for transplant in the cohort was 6.0 which is almost double the
national average of 3.03 organs per donor?, suggesting that the donors within our cohort
were healthier than the general donor pool. Based on the findings of this investigation,
history of significant alcohol use does not impact organ utilization decisions. Future
investigations utilizing PEth in a broader pool of eligible organ donors may be able to
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further delineate whether alcohol affects organ recovery, as only 72/100 eligible donors are
actually able to donate organs.® Finally, we did find cases of alcohol misuse by proxy
history, but not by PEth level, which was associated with lower liver allocation suggesting
that the history alone of alcohol misuse may lead to bias in liver allocation. There exists
large variations and subjectivity in the decision of whether to utilize an organ for
transplantation. Objective data to corroborate alcohol histories may be most valuable in liver
allocation with a negative or low PEth level potentially leading to additional livers allocated.

In conclusion, we found that in a critically ill brain dead organ donor cohort that a PEth cut
point of 284 ng/ml carries good test characteristics to discriminate alcohol misuse. Indirect
alcohol biomarkers such as AST, ALT, GGT, and %CDT had poor discrimination for alcohol
misuse in deceased organ donors. Proxy histories may limit the reliability of obtaining
alcohol misuse histories as one third of donors with PEth =84 ng/ml failed to be defined as
heavy drinkers under the UNOS definition. There was a decrease in liver allocation amongst
donors with a proxy history of alcohol misuse, however there was no differences in organ
allocation utilizing PEth >84 ng/ml. Therefore, alcohol misuse was not associated with a
decrease in the allocation of organs in deceased donors and the addition of PEth to proxy
donor histories may reduce the information bias in organ donors with alcohol misuse proxy
histories.
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Highlights

PEth =84 ng/mL had optimal discrimination for identification of alcohol
misuse in organ donors.

Other commonly used alcohol biomarkers performed poorly in deceased
organ donors.

Liver allocation was decreased in donors with alcohol misuse by history but
not by PEth.
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Figure 1. ROC Curves comparing PEth versus other commonly utilized alcohol biomarkers for
predicting alcohol misuse

Predictive accuracy of PEth as a continuous measure with area under the ROC at 0.8885 for
alcohol misuse per CDC definitions compared to other commonly utilized alcohol
biomarkers. A) ALT with area under the ROC at 0.5695 for EAU, AST with area under the
ROC at 0.6225 for EAU, and AST:ALT with area under the ROC at 0.6932 for EAU. B)
GGT with area under the ROC at 0.6319 for EAU with n=130/140 cohort with measured
values available. C) %CDT with area under the ROC at 0.6389 for EAU with n=69/140
cohort with measured values available.
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Table 1
Donor demographics and characteristics
Overall | No Alcohol Alcohol | p-value
140 misuse misuse
116 (83%) | 24 (17%)
Age, median (IQR) 36 (23-53) | 32 (22-53) | 47 (40-52) 0.012
Female, n (%) 52 (37) 45 (39) 7(29) 0.374
Race, n (%)
African American 37 (26) 33 (28) 4(17)
White 83 (59) 68 (59) 15 (63) 0.375
Other 20 (14) 15 (13) 5(21)
BMI, median (IQR) 27 (24-31) | 27 (24-31) | 26 (24-31) 0.468
Smoker, n (%) 78 (56) 59 (51) 19 (79) 0.011
Drug use, n (%) 57 (41) 44 (38) 13 (54) 0.141
> 2 drinks per day, n (%) 21 (15) 1(1) 20 (83)
Cause of death, n (%)
CVA/Stroke 45 (32) 36 (31) 9(38)
Anoxia 49 (35) 40 (35) 9 (38)
Head trauma 35 (25) 29 (25) 6 (25) 0.862
Gunshot wound 5(4) 5(4) 0(0)
Other 6 (4) 6 (5) 0 (0)
Days from admission to organ recovery, median (IQR) 3(2-4.5) 2(2-4) 3(2-5) 0.203

IQR: interquartile range; BMI: body mass index; CVA: cerebrovascular accident;
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Table 4

Subgroup analysis of PEth =84ng/ml

No. Area under the ROC
(95% Confidence Interval)
Overall 140 0.86 (0.76-0.94)
Age
<40 65 0.88 (0.77-0.97)
=40 75 0.82 (0.60-0.99)
Gender
Male 88 0.86 (0.75-0.96)
Female 52 0.85 (0.65-0.99)
Race/ethnicity
White 83 0.85 (0.73-0.96)
Non-white 57 0.88 (0.71-0.99)

PEth: phosphatidyethanol
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Table 5

Alcohol use, n (%) Overall* | PEth>84 | PEth <84 p-
122 | 18(15%) | 104 (85%) | value

Any use 83 (68) | 18 (100.0) 65 (63) | <0.001
Alcohol misuse 19 (16) 14 (78) 5(5) | <0.001
> 2 drinks per day, n (%) 17 (14) 12 (67) 5(5) | <0.001

p-values from Wilcoxon rank sum tests (medians) and chi-square or Fisher’s exact test (all others)

*
Donors with allocation =1 organ
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