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Abstract 
Objective: The specific aim of this study was to determine if the currently 
available cutoff for fentanyl in umbilical cord (UC) was appropriate to dis-
tinguish illicit fentanyl exposure from therapeutic in-hospital administration 
of fentanyl. Study Design: Medical record review was conducted for perinatal 
administration of fentanyl and the detection of fentanyl in the corresponding 
routine UC toxicology. Specimens were initially tested with immunoassay 
followed by mass spectrometry (n = 62). Result: Excluding a single specimen 
that was confirmed positive, specimens were below the assays’ limit of quan-
tification. The immunoassay’s mean b/b0 for the cases that received and did 
not receive fentanyl prior to delivery was 91.3% ± 10.6% and 98.2% ± 6.5%, 
respectively (p = 0.003). Conclusion: We demonstrated that UC is a suitable 
specimen type for the detection of fentanyl and that the cutoff selected ade-
quately identifies illicit fentanyl use while not flagging cases where fentanyl 
was administered by the hospital prior to birth. 
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1. Introduction 

Neonatal abstinence syndrome (NAS) occurs in newborns whose mothers used a 
neuroactive (affecting brain and nervous tissue) substance such as opioids while 
pregnant [1] [2]. The rate of NAS has been growing due to the increasing use of 
opioids in recent years [3] [4]. Fentanyl is a common pain medicine used in the 
obstetric management of labor [5]. Chronic exposure to fentanyl prior to birth 
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can potentially result in NAS [6]. Fentanyl can either be used illicitly, abused, or 
clinically to control chronic pain or pain during labor [7].  

Umbilical cord presents a unique opportunity for drug testing and potential 
identification of NAS [8] [9] [10]. It is available immediately after birth and each 
birth produces sufficient quantities of specimen for analysis, unlike other speci-
men types routinely used for newborn toxicology. As a newborn toxicology spe-
cimen, umbilical cord analysis can identify maternal drug use during approx-
imately the third trimester of pregnancy [10].  

There are limited options for commercial assays to test for in utero fentanyl 
exposure. In addition, data to guide the selection of an appropriate cut-off for 
umbilical cord fentanyl detection to distinguish illicit substance exposure from 
therapeutic in-hospital administration of fentanyl is currently lacking. The spe-
cific aim of this study was to determine if the currently available cutoffs for fen-
tanyl in umbilical cord (500 pg/g) distinguishes illicit fentanyl exposure from 
therapeutic in-hospital administration of fentanyl.  

2. Methods 
2.1. Experimental Design 

A secondary analysis of the medical records and umbilical cord toxicology re-
sults of births occurring at Charleston Area Medical Center Women and Child-
ren’s Hospital (CAMC), Charleston, West Virginia, between October 1, 2018 
and November 15, 2018 were analyzed for perinatal administration of fentanyl 
and the detection of fentanyl in the corresponding umbilical cord specimens. 
Umbilical cord tissue segments were collected according to standard operating 
procedures (https://www.usdtl.com/) and shipped to United States Drug Testing 
Laboratories (Des Plaines, IL) for standard of care toxicology testing that in-
cluded fentanyl. For the study, all specimens received fentanyl confirmation 
testing via liquid Chromatography with tandem mass spectrometry (LCMSMS). 
The study was approved by the CAMC Institutional Review Board (IRB Number 
19-634). 

2.2. Medical Records Query 

Medical records were queried for perinatal maternal fentanyl administration in-
cluding the timing, dosage, and duration of fentanyl use. Birth mothers’ medical 
record numbers (MRN) were not extracted. Neonates without linked maternal 
records were excluded. Cases where fentanyl was found in the umbilical cord 
without corresponding medical records of fentanyl administration at the hospit-
al or outpatient prescription were considered to be the result of illicit fentanyl 
use. Data use agreements were obtained prior to starting the study.  

2.3. Materials 

Fentanyl, fentanyl-d5, norfentanyl, and norfentanyl-d5 were purchased from Ce-
rilliant (Round Rock, TX, USA) as a 100 μg/mL certified reference standard in 
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methanol. Solid phase extraction (SPE) columns (CSDAU020 Clean Screen ex-
traction columns; 200 mg/10mL) were purchased from United Chemical Tech-
nologies (Bristol, PA, USA). Acetonitrile was high performance liquid chroma-
tography (HPLC) grade, and all other reagents were American Chemical Society 
(ACS) grade or equivalent from Fischer Scientific (Hanover Park, IL, USA). 

2.4. Analytical Methods 

Umbilical segments approximately 10 cm long was obtained at the time of birth. 
Cords were stripped of blood, lightly rinsed in sterile saline, placed in sterile 
plastic specimen containers, and then frozen for subsequent shipment to USDTL. 
Preliminary testing was performed on day of receipt into the laboratory and 
analyzed by enzyme-linked immunosorbent assay (Fentanyl ELISA kit, Immu-
nalysis Corporation, Pomona, CA) which is a competitive inhibition immu-
noassay. Umbilical cord samples (0.5 g) were homogenized in 3 mL of acetone 
and centrifuged. The supernatant was filtered and evaporated to dryness under a 
stream of nitrogen at 60˚C. The extracts were reconstituted in 700 μL of buffer 
supplied by the immunoassay vendor. Manufacturer instructions were followed 
for ELISA testing.  

The assay was developed and validated as a qualitative test due to its narrow 
linear range. Results for the immunoassay were reported as b/b0 which is the ra-
tio of the specimen’s optical density response and optical density response of the 
negative control. The immunoassay’s selected cutoff for fentanyl detection was 
the mean b/b0 for three single point calibrators fortified with 500 pg/g of fen-
tanyl. 

For confirmatory analysis, the internal standards (a mixture containing fen-
tanyl-d5 and norfentanyl-d5, 1 ng/g) were added to the umbilical cord (0.5 g) 
aliquots and the samples were homogenized in 3 mL of acetonitrile. Following 
centrifugation, the supernatants were evaporated to dryness under a stream of 
nitrogen at 60˚C. After the reconstitution with 3 mL 0.1 M phosphate buffer (pH 
6), the extracts were subjected to solid phase extraction and the eluates were 
analyzed by LCMSMS.  

Separation was achieved on an Agilent 1200 HPLC System using Phenomenex 
Synergi 50 × 2.0 mm Polar-RP column with 2.0 μm particle size. Mobile phases 
used were A: 0.1% formic acid and B: acetonitrile with 0.1% formic acid. Separa-
tion was obtained using a linear gradient from 15% to 60% mobile phase B be-
tween 0.5 and 6.5 minutes and held for 0.1 minutes.  

Analytes were detected on a Sciex 5500 Tandem Mass Spectrometer equipped 
with an electrospray ionization source in the positive ionization mode. Multiple 
reaction monitoring (MRM) was used for the following transitions: m/z 342.22→ 
m/z 188.20 for the internal standard fentanyl-d5, m/z 337.15→ m/z 187.90 and 
104.9 for fentanyl, m/z 238.10→ m/z 84.00 for the internal standard norfen-
tanyl-d5, and m/z 233.07→ m/z 84.00 and 150.10 for norfentanyl. For both fen-
tanyl and norfentanyl, the lower limit of quantitation and limit of detection was 
200 pg/g and 100 pg/g, respectively.  
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The b/b0 was calculated for each umbilical cord specimen immunoassay result. 
The b/b0 mean responses for the immunoassay results for the cases that received 
prenatal fentanyl and the cases that did not receive prenatal fentanyl were com-
pared using the independent samples t test to determine if there was a statisti-
cally different response for these two groups using our validated immunoassay 
procedure. Linear regression analysis was used to investigate the association be-
tween the b/b0 results of the immunoassay responses and the total dose of fen-
tanyl administered to the mothers prior to delivery. Independent samples t-test 
and linear regression were performed using IBM SPSS Statistics Subscription 
(updated November 30, 2020). 

3. Results 

The study included 62 subjects who met the inclusion criteria. Of these 62 sub-
jects, 37 received fentanyl prior to delivery. The total amount of fentanyl admi-
nistered ranged from 6.7 mg up to 392 mg (median, 74.9 mg). The total duration 
of fentanyl administration ranged from 0.5 hours to 80 hours (median, 47.4 
hours) with the duration of fentanyl administration prior to birth ranging from 
0.3 hours up to 11.7 hours (median, 3.7 hours). 

Sixty-two (62) umbilical cord specimens were analyzed and only 1 umbilical 
cord specimen was reported positive using the previously described cutoffs. A 
strong immunoassay response for fentanyls was observed for this specimen 
(b/b0 = 10.6%) compared to the cutoff (b/b0 = 40.5% ± 2.7%) and the measured 
concentrations, obtained using the LCMSMS confirmation procedure previously 
described, for fentanyl and norfentanyl were 6469 pg/g and 5241 pg/g, respec-
tively. Medical record review showed no documented outpatient prescription or 
in-hospital administration of fentanyl prior to delivery. This specimen also con-
tained detectable quantities of amphetamine (4 ng/g), methamphetamine (19 
ng/g), cotinine (128 ng/g), codeine (1 ng/g), morphine (21 ng/g), hydromor-
phone (0.1 ng/g) and 6-monoacetylmorphine (heroin metabolite; 0.1 ng/g).  

The remaining 61 umbilical cord specimens, including the 37 cases that received 
fentanyl prior to delivery, were analyzed by both methods. All specimen results 
were below the selected cutoffs utilized for the immunoassay initial test (500 pg/g) 
and the LCMSMS confirmation assay’s limit of quantitation (200 pg/g). 

Excluding the single screen and confirmed positive specimen, the mean b/b0 

for the cases that received fentanyl prior to delivery was 91.3% ± 10.6% and the 
mean b/b0 for the cases that did not receive fentanyl was 98.2% ± 6.5%. An in-
dependent samples t test concluded that the observed mean b/b0 difference (6.92; 
95% CI: 2.54, 11.30) was a statistically significant difference [t(58.9) = 3.158, p = 
0.003]. The slope obtained using linear regression analysis of the total fentanyl 
delivered pre-delivery and b/b0 of the fentanyl immunoassay test result for the 
corresponding umbilical specimen was −0.087 (R2 = 0.349; Figure 1). 

4. Discussion 

Our study reports here for the first time a comparison of cases where fentanyl  
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Figure 1. The slope obtained using linear regression analysis of the total fen-
tanyl delivered pre-delivery and b/b0 of the fentanyl immunoassay test result 
for the corresponding umbilical specimen was −0.087 (R2 = 0.349). 

 
was administered or not administered by hospital staff to mothers prior to deli-
very using validated methods (immunoassay and LCMSMS) for the detection of 
fentanyl and its metabolite in umbilical cord tissue segments. Of the 62 umbilical 
cord specimens analyzed, only 1 of the specimens exceeded the arbitrarily se-
lected cutoffs for both immunoassay and LCMSMS and this specimen also con-
tained detectable amounts of amphetamine, methamphetamine, cotinine, code-
ine, morphine, hydromorphone, and 6-monoacetylmorphine. 

Examination of the immunoassay responses of the means obtained for cases 
where the mother received fentanyl prior to delivery (mean b/b0 = 91.3% ± 
10.6%) and for cases where there was not a record of receiving fentanyl (mean 
b/b0 = 98.2% ± 6.5%) found significant differences. Both groups specimen results 
were well removed from the immunoassay cutoff (b/b0 = 40.5% ± 4.7%) and be-
low LCMSMS confirmation assay’s limit of quantitation (200 pg/g). Due to the 
specimens being below LCMSMS’s limit of quantitation, we compared immu-
noassay b/b0 values between cohorts rather than fentanyl levels (pg/g).  

Further examination of the immunoassay responses compared to the total 
amount of fentanyl received for the cases where the record indicated the admin-
istration of fentanyl prior to delivery was conducted using linear regression. A 
slope of −0.087 was found indicating that for each mg of fentanyl received by the 
mother prior to delivery, we predict a decrease in the immunoassay b/b0 of 
0.087. The Pearson Product Moment was 0.349 which is consistent with a mod-
erate association, with variation in the time between last fentanyl dose and deli-
very most likely limiting the correlation between fentanyl dose and b/b0. These 
results preliminarily indicate a correlation of fentanyl dose to umbilical cord 
concentration, with concentrations increasing in umbilical cord with increasing 
dose administration. 
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At this time, the experimental determination of an appropriate cutoff for fen-
tanyl using umbilical cord tissue is lacking in the literature. It is desirable to use 
a cutoff that will detect illicit fentanyl while excluding cases where fentanyl was 
administered by hospital staff. Many jurisdictions are required to report positive 
newborn toxicology cases to the State and the resources required to document 
iatrogenic positives are wasteful of limited resources. Furthermore, atypical with-
drawal symptoms have be described following prenatal fentanyl exposure, fur-
ther highlighting the need for prompt, accurate identification of in utero expo-
sure for optimized NAS management [6].  

While the immunoassay procedure was able to distinguish between cases where 
fentanyl was administered and not administered, the responses were well re-
moved from the cutoff. The single specimen where fentanyl and norfentanyl was 
reported above the cutoff came from a case where several other high-risk sub-
stances were reported (methamphetamine, heroin, and nicotine) and neither 
in-hospital or prescription fentanyl was documented. We determined that the 
initial testing cut off level of 500 pg/g was appropriate in differentiating signal 
from fentanyl administration during labor and illicit fentanyl. Additionally, this 
study provided evidence for potential future cutoff lowering while still avoiding 
the inconvenience of detecting hospital-administered fentanyl. 

This is the first study appearing in the literature that compares umbilical cord 
testing results for maternal cases where fentanyl was administered or not admi-
nistered by hospital staff. However, there are several limitations to the study. 
This study is a retrospective analysis of a convenience sampling coming from a 
single hospital which limits the generalizability of the findings. No records were 
found of outpatient fentanyl prescriptions, however prescriptions from outside 
CAMC that were undisclosed to staff may have been missed. Additionally, due 
to the small sample size, only one instance of illicit fentanyl use was discovered. 
A prospective random controlled trial is not feasible due to ethical reasons. More 
studies are needed to confirm the adequacy of the selected cutoff and to deter-
mine long-term outcomes in infants exposed to fentanyl in utero. 

5. Conclusion 

This project is one small part of ongoing efforts to combat the opioid epidemic 
that has gripped our society over the past several years. This study demonstrated 
that umbilical tissue is a suitable specimen type for the detection of fentanyl. 
Additionally, this study has demonstrated that the cutoffs selected appear to 
adequately identify illicit fentanyl use while not flagging cases where fentanyl 
was administered by the hospital prior to birth. 
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