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Cost savings with transcutaneous screening versus total
serum bilirubin measurement for newborn jaundice

in hospital and community settings: a cost-minimization
analysis

Stephanie McClean BSc(Nutr) MPH, Krista Baerg BSN MD, Julie Smith-Fehr MN, Michael Szafron PhD

Background: Leading authorities in North America recommend universal screening via total serum bilirubin (TSB) measurement or
transcutaneous bilirubinometry (TcB) for kernicterus prevention. We assessed costs associated with these 2 screening methods in
hospital and in urban and rural community settings.

Methods: Our tertiary care centre in Saskatoon, with about 5600 births per year, serves the local population of 300 000; in addition,
30% of patients are referred from outside the local community and surrounding area. We obtained health administrative data for two
6-month periods: before (June 1 to Nov. 30, 2015 [TSB program]) and after (June 1 to Nov. 30, 2016 [TcB—TSB program]) implemen-
tation of universal screening with TcB. Data on nurses’ time and mileage were collected to assess the mean time for screening and
sample transportation. We performed a cost-minimization analysis.

Results: The observed requirement for TSB blood draws decreased by 71.4% after implementation of TcB (1383.2/1000 live births
to 397.8/1000 live births), whereas the overall number of screens increased from 1383.2 to 2758.6/1000 live births. The mean time
per screen decreased from 12.52 (95% confidence interval [Cl] 10.44—14.59) minutes with TSB to 2.94 (95% CI 2.55-3.33) minutes
with TcB (p < 0.001). The estimated cost per TcB screen in hospital and community (urban and rural) settings was $3.54 and $3.76,
respectively, and the estimated cost per TSB screen in hospital and in urban and rural community settings was $15.82, $50.21 and
$65.03, respectively. The estimated overall 6-month savings with the TcB-TSB hospital and community programs were $19 760 and
$6417, respectively.

Interpretation: The TcB-TSB program reduced nurses’ time to screen and provided immediate results at the point of care. Transcu-
taneous bilirubinometry reduced the requirement for painful heel pokes while improving access to screening and decreasing the over-
all program cost.

yperbilirubinemia causes jaundice, a yellowing of

the skin and sclera! that affects about 60% of term

and 80% of preterm newborns.? Around 2% of
affected babies are at risk for severe neonatal hyperbilirubi-
nemia (serum bilirubin level > 19.9 mg/dL [340 pmol/L]),* a
risk factor for kernicterus. Kernicterus is a preventable cause
of death and long-term disability. In North American and
European countries, the incidence of kernicterus varies from
0.44 to 2.7 cases per 100 000 live births.** The economic
burden of kernicterus on the Canadian health care system is
estimated at $1.3 million (2008).!° However, insurance claim
settlements have been as high as $8 million.! In 2016, fail-
ure to identify hyperbilirubinemia ranked as the 13th-
riskiest practice in acute care.!! Leading North American
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authorities recommend universal bilirubin screening with
transcutaneous bilirubinometry (T'¢B) or measurement of
total serum bilirubin (TSB) before hospital discharge.®!2
Although TSB is the current clinical standard, the required
blood draw is painful.’*!* Transcutaneous bilirubinometry is
a safe, noninvasive screening method that is available at
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point of care.!® Newer devices have been shown to be
effective regardless of skin colour!®?! but are not approved
for use with phototherapy?? and may provide less reliable
results at extreme values.!”'®?32* Transcutaneous bilirubi-
nometry hour-specific nomograms, adjusted for increased
sensitivity and created among local populations, are increas-
ingly being developed and used.!#%%

Economic impact studies have shown the cost-effectiveness
of universal screening with TSB or TcB compared to clinical
follow-up and testing driven by visual assessment.!®*’=> In
2 studies, the investigators compared the cost of TSB-based
versus TcB-based universal screening, with mixed results.
When TSB was shown to be more cost-effective, expensive
disposable tips were required for TcB, and staff time saved
was not assessed.’®*! Our literature review revealed no com-
prehensive economic analysis comparing costs of screening
using T'SB and TcB that did not require disposable tips. The
aim of the current study was to compare the costs associated
with 2 jaundice screening methods, universal TSB screening
(T'SB program) and T'SB referred by universal TcB screening
(Tc¢B-TSB program), used by a regional screening program
for newborn jaundice. Costs were assessed in hospital as well
as in urban and rural community settings.

Our tertiary care centre, with about 5600 births per year,
serves the local population of 300 000, 83% of whom are of
European ancestry.*” In addition, 30% of patients are referred
from outside the local community and surrounding area. Uni-
versal screening for newborn jaundice is coordinated with
newborn metabolic screening at 24-48 hours of age.** A
community follow-up program staffed by registered nurses
follows newborns within 24-48 hours of discharge and subse-
quently for up to 14 days, as clinically indicated. Permanent
full- and part-time staff are required to have the International
Board Certified Lactation Consultant credential. When blood
is drawn at a home visit, it is driven to the laboratory by the
nurse. To expedite care and ensure sample integrity, trips to
the laboratory are not batched. Metabolic screening in Sas-
katchewan is advised between 24 and 48 hours of age. Our
unit policy is to do it after 24 hours. In 2015, newborns of
35 or more weeks’ gestation received universal TSB screening
coordinated with the newborn metabolic screen after 24 hours
of age;* timing of clinical follow-up was based on Canadian
guidelines,’ and repeat TSB testing was done based on clinical
assessment including visual inspection. In 2016, point-of-care
screening with 5 JM-103 and 9 JM-105 (Driiger) TcB meters
was integrated into the hospital and community screening
protocols. All newborns of 35 or more weeks’ gestation
received T'cB screening before the newborn metabolic screen.
In addition, TcB screening was integrated into daily care and
was performed daily in hospital, within 4 hours before hospi-
tal discharge and at each community follow-up visit. Transcu-
taneous bilirubinometry readings higher than the 95th lower
predictive interval computed with the use of local data were
confirmed with measurement of T'SB.**2
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We performed a cost-minimization analysis because both
TcB and TSB are approved screening methods for newborn
jaundice. We compared readmission rates for newborns with a
most responsible diagnosis of neonatal jaundice within
12 weeks of birth, premature birth rates, average length of
stay, number of community follow-up visits, and the number
of TSB and T¢B measurements across 2 time periods: before
implementation of universal screening with TcB (June 1 to
Nov. 30, 2015, time period 1) and after implementation of
universal screening with T¢B (June 1 to Nov. 30, 2016, time
period 2).

Data sources

We obtained cross-sectional data for the 2 study periods. For
both periods, we used organizational health data sets to obtain
the number of live births, discharges and premature births,
length of stay and total number of TSB specimens collected.
Data for time and mileage analyses were collected throughout
time period 2.

Time and mileage analyses

We identified 2 separate times for measuring TSB: 1) TSB
measurement coordinated with the newborn metabolic screen
and 2) TSB measurement only. The time for obtaining a sam-
ple for TSB measurement with the newborn metabolic screen
included only the nurse’s time to draw the sample and graph/
interpret the result. In contrast, the time for TSB measure-
ment included only the nurse’s time to prepare for the blood
draw, warm the newborn’s heel, collect/send the sample to
the laboratory and graph/interpret the result. The time to
carry out T'cB included the nurse’s time to take the measure-
ment and graph/interpret the result. Nurses in hospital and
community settings collected these data. During time
period 2, nurses in the community also collected data regard-
ing their home visit mileage, mileage to travel to the labora-
tory from the home visit, and walking time to transport the
sample from the car to the laboratory. We estimated travel
time assuming urban travel speeds of 50 km/hour and rural
travel speeds of 100 km/hour. The average excess mileage that
resulted from transporting samples drawn in urban and rural
community settings to the laboratory is the difference
between the average mileage to travel from home visit to lab-
oratory to home visit, and the average home visit mileage in
each community setting (Figure 1).

Cost estimation

Costs of blood draws for TSB measurement included nurses’
driving times, walking times and mileage related to sample
transportation, the time to perform the screens and labora-
tory charges. Since T'cB is done at point of care, costs for the
TcB included only the nurses’ times to perform the screens.
Capital costs and calibration for TcB equipment and the
chemistry analyzer were not assessed. In our setting, public
health and hospital nurses are paid at differing rates, and we
took this into consideration. Wages included hourly rates and
benefits for 2016, and all costs were in 2016 Canadian
dollars.
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Figure 1: Flow diagram showing flow of work completed in community in the 2 time periods. Dashed lines depict the excess time/mileage
between home visits required to transport a blood sample to the laboratory. Note: TcB = transcutaneous bilirubinometry, TSB = total

serum bilirubin.

Statistical analysis

We analyzed the data using SAS 9.4 (SAS Institute) and
Microsoft Excel 2013. We computed means and 95% confi-
dence intervals (Cls) for time and mileage. If a sample size was
less than 30, we assessed normality using the Shapiro-Wilk
test (all relevant p values > 0.05). We performed 7 tests for
time and mileage analyses to identify significant differences
between samples. We used Z-tests for the difference in 2 pro-
portions to identify statistical differences between group char-
acteristics and outcomes, including proportion of premature
infants and readmission rates. All tests were 2-tailed, with p <
0.05 defining statistical significance.

Ethics approval

The University of Saskatchewan Biomedical Research Ethics
Board reviewed this study and determined that it was program
evaluation/quality improvement and thus exempt from the
requirement for board approval to proceed. Organizational
approval was received.

The live birth rate during time periods 1 and 2 was 2779 and
2763, respectively. The corresponding numbers of postpar-
tum unit discharges were 2466 and 2493. There was no signif-
icant difference in the number of preterm births between the
2 periods (281 and 275, respectively) (p = 0.8). Observed visits
in the community follow-up program were similar across the
2 time periods, with 3399 in time period 1 and 3331 in time
period 2. Observed lengths of hospital stay did not increase
after the introduction of T'¢B, with an average length of stay
of 1.74 days in time period 1 and 1.70 days in time period 2.

No significant difference in the number of newborns readmit-
ted for jaundice within 2 weeks of discharge was found, with
54 readmissions per 2466 newborns (2.2%) in time period 1
and 58 readmissions per 2493 newborns (2.3%) in time
period 2 (p = 0.8). Likewise, no significant differences were
found in readmission rate by gestational age (Table 1). These
results support the homogeneity of time periods 1 and 2.
Consequently, we assumed that the time and mileage data
gathered in time period 2 would be indicative of the cor-
responding data for time period 1.

Screening measurements

In time period 1, there were 3844 blood draws for TSB mea-
surement. In time period 2, there were 1099 blood draws for
TSB and 6523 TcB screens (total of 2758.6 per 1000 live

Table 1: Two-week readmission rate for jaundice among
newborns by time period*t

No. (%) of newborns

Time period 1 Time period 2
Variable n = 2466 n =2493
Readmitted 54 (2.2) 58 (2.3)
35-37 weeks’ gestation 19 (6.8) 18 (6.5)
n =281 n =275
> 38 weeks’ gestation 35 (1.6) 40 (1.8)
n=2185 n=2218

*Time period 1: June 1 to Nov. 30, 2015; time period 2: June 1 to Nov. 30, 2016.
1No significant difference was found between time periods in readmission of
newborns for any age categories.
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births). Thus, although we observed a reduction of 71.4% in
TSB blood draws, we observed an increase in the number of
screens per 1000 live births (from 1383.2 to 2758.6). There
were reductions of 75.3% and 49.3% in TSB blood draws in
hospital and in the community, respectively (Table 2).

Time and mileage analyses

Table 3 summarizes the average times and mileage associated
with the community follow-up program. Travel time esti-
mates were found to be 5.5 and 12.0 minutes, respectively.
The excess average mileage values for urban and rural TSB
sample transportation were 4.58 km (95% CI 3.23—5.94) and
20.04 km (95% CI 8.37—-31.72), respectively. The average
nurse’s time (regardless of location) for a lone blood draw for
T'SB measurement was significantly longer than for perform-
ing TcB (p < 0.001).

Cost estimation

Cost estimates varied by method and location (Table 4). Most
of the location variability was due to travel time, with nurse
driving and walking times accounting for 52.3% of the total
urban cost and 53.2% of the total rural cost.

Opver the 6-month period, the estimated total savings with
the Tc¢B-TSB hospital and community programs were
$19 760 and $6417, respectively (Table 5), yet the total num-
ber of screens completed increased by 153% and 481%,
respectively. In hospital, the greatest savings were a reduction
in cost due to a reduction in laboratory expenses (74.7% of
the cost reduction), followed by a decrease in nurses’ time to
screen (25.3%) (data not shown). In the community program,
the largest savings were related to a reduction in travel time
(75.3%), followed by a reduction in laboratory expenses
(16.2%) and a decrease in mileage (8.5%). In the community,
the cost of the nurses’ time to screen increased by 44.7% with
the TeB-TSB program owing to policy that increased access
to noninvasive screening at point of care.

In the current study, the estimated cost per TcB screen in
hospital and community (urban and rural) settings was $3.54
and $3.76, respectively, whereas the cost per TSB screen was
$15.82 in hospital, and $50.21 and $65.03 in urban and rural
community settings, respectively. We observed an overall

Table 2: Number of samples drawn for measurement of total serum bilirubin
Time period 1, no. of samples Time period 2, no. of samples
Location Observed Standardized* Observed Standardized* % reduction
Hospital 3264 1174.5 805 291.3 75.3
Community 580 208.7 294 106.4 49.3
Total 3844 1383.2 1099 3978 714
*Per 1000 live births.
Table 3: Average times and mileage for the community follow-up program
No. of

Variable cases Mean (95% CI) Median Range
Nurses’ time, min
Walk community sample from 18 15.06 (11.76—18.35) 15.00 4.00-26.00
car to hospital laboratory
Draw blood sample 18 12.52 (10.44-14.59) 12.00 6.33-20.00
Perform transcutaneous 56 2.94 (2.55-3.33) 2.33 0.33-7.00
bilirubinometry
Mileage, km
Home visits

Urban 524 8.36 (7.91-8.81) 7.00 1.00-25.00

Rural 110 33.95 (31.51-36.39) 31.00 9.00-75.00
Travel to laboratory

Urban 127 6.47 (5.83-7.12) 6.00 1.00-18.00

Rural 14 27.00 (20.70-33.30) 27.00 3.00-53.00
Note: Cl = confidence interval.
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bilirubinometry screen, 2016 dollars*

Table 4: Costs associated with a single total serum bilirubin screen and a single transcutaneous

Total serum bilirubin; cost, $

Transcutaneous bilirubinometry; cost, $

Cost component Urban Rural Hospital Urban Rural Hospital
Time to screen 16.00 16.00 9.82 3.76 3.76 3.54
Travel time 26.27 34.58 - - - -
Mileage 1.94 8.45 - - - -
Laboratory expenses 6.00 6.00 6.00 - - -
and disposables®

Total 50.21 65.03 15.82 3.76 3.76 3.54

*Costs are based on the per-minute combined salaries with benefits: $0.97615, $1.27185 and $1.27793 for licensed practical nurses,
registered nurses in hospital settings and registered nurses in community settings, respectively. Table calculations are based on staffing
ratios for licensed practical nurses and registered nurses in hospital and in the community (Leanne Smith, Director, Maternal Services,
Saskatchewan Health Authority, Saskatoon: personal communication, 2018).

decrease of 71.4% in blood draws for TSB measurement with
the introduction of TcB (75.3% in hospital and 49.3% in the
community) despite improved access to screening of 153% in
hospital and 481% in the community with TcB-TSB. The
estimated total savings for the TcB—TSB hospital and com-
munity programs were $19 760 and $6417, respectively,
despite the improved access to screening. Assuming a 3-year
lifespan for a T'cB meter, the annual cost per meter would be
about $3600. Extrapolating the cost savings to 1 year
($52 400), in our setting, a cost-neutral program would have
14 meters in circulation, equivalent to 1 meter per 390 births
per year. In addition, patients received intangible benefits
such as availability of point-of-care results and reduced expo-
sure to painful heel pokes.

Our results align with findings by De Luca and col-
leagues,’! who estimated that, based on the positive predictive
value of TcB with the BiliChek meter (Respironics), this
device could safely avert 58%—79% of blood draws based on
TcB thresholds of 10.0 mg/dL (171 pmol/L) and greater than
12.0 mg/dL (205 umol/L). Other investigators have reported
smaller reductions in T'SB blood draws; however, they com-
pared universal TcB screening to visual assessment, which led
to fewer initial TSB measurements.””-*%33¢ Overall program
cost determination is affected by the threshold for TSB
sampling. After implementation of TcB screening with a
locally validated nomogram, our TSB rates were 291.3 and
106.4 per 1000 live births in hospital and the community,
respectively. Other studies with the JM-103 device and spe-
cific unit protocols showed similar calculated rates, ranging
from 101.8 to 141.6 per 1000 live births in hospital?®*¢ and the
community.?’

Our estimates of the cost of 1 TSB screen and 1 TcB
screen are similar to those in the literature, which range from
USS$15"7 to £19.23 (Can$39.31)* based on nursing time and
laboratory expenses for TSB, and £1.3 (Can$2.66) based on
nursing time for TcB.?” The $26 200 in savings in our study
equates to $1060 in savings per 100 patients, similar to the
figure of US$1500 per 100 newborns reported by Srinivas and
colleagues.!”

Limitations

We used 2-week readmission rates for jaundice as a proxy to
identify differences in health outcomes between screening
methods since the incidence of kernicterus, peak bilirubin
level and phototherapy time were not assessed. Furthermore,
we were not able to distinguish infants of 35-37 weeks’ gesta-
tional age from those of 38 weeks or more of gestational age.
We estimated travel time from the mileage data, assuming
standard rates of speed of 50 km/h in urban areas and

Table 5: Costs associated with 6-month universal screening
of total serum bilirubin and transcutaneous bilirubinometry,
2016 dollars
Cost, $
TcB-TSB

Setting; cost component TSB program program
Hospital

Time to screen TSB 32043 12 155

Time to perform TcB - 14 882

Laboratory expenses 19 584 4830

Subtotal 51 627 31867

Hospital cost savings - 19 760
Community follow-up program

Time to measure TSB 9279 4703

Time to perform TcB - 8727

Mileage 1823 924

Travel time 16 127 8174

Laboratory expenses 3480 1764

Subtotal 30 709 24 292

Community cost savings - 6417
Total cost 82 336 56 159
Total savings - 26 177
Note: TcB = transcutaneous bilirubinometry, TSB = total serum bilirubin.
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100 km/h in rural areas. This does not take into consideration
traffic congestion or route and likely underestimated travel
time and accompanying costs. Historical data provided the
total number of TSB measurements completed in hospital
and in the community. We assumed that, in time period 1,
every infant in hospital had 1 TSB blood draw concurrently
with the newborn metabolic screen and that the remainder
were follow-up TSB blood draws. We also assumed that, in
time period 2, every TSB blood draw was a follow-up, both in
hospital and in the community follow-up program. This likely
led to an underestimate of cost savings of the TcB-TSB pro-
gram, as the lone TSB blood draws took on average 5.8 min-
utes longer to take than the TSB blood draws obtained in
conjunction with the metabolic screen, leading to a higher
estimated cost for the TcB-TSB program. Owing to the
nature of summary health data, we were unable to perform
statistical analysis on the change in total TSB blood draws
from time period 1 to time period 2, which limits the general-
izability of our findings. However, our findings fall within
those predicted by De Luca and colleagues,’' based on the
positive predictive value of TcB with a similar T'cB meter. We
also could not statistically assess the difference in length of
stay or number of community follow-up visits between time
periods.

Conclusion

Transcutaneous bilirubinometry is noninvasive, reduced the
requirement for blood draws by over 70% and improved
access to screening. It reduced the nurses’ time to screen and
provided immediate results at the point of care. The infants in
the 2 study periods had similar lengths of stay and readmis-
sion rates. With TcB screening, savings in hospital were
related to reductions in nursing time and laboratory costs,
whereas savings in the community program were related to
reductions in travel time, laboratory costs and mileage. Over
the 6-month period, the number of screenings doubled while
the number of painful heel pokes decreased and the overall
program cost decreased by $26 177. Further research is
required to determine whether there is an ideal time to screen
with TcB and whether screening at regular points of contact
informs care, for example, whether additional screening
results in earlier treatment of at-risk newborns or lower peak
bilirubin levels.
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