1) Check for updates

Research Report

Annals of Pharmacotherapy
1-9

Evaluation of Nurse-Managed 0 The Ao 203

° rtice reuse gui Ae ir\es:
Heparin Nomogram Adherence After S Attt
Implementation of an Electronic Health "“b";.’“;a’gep

Record-Embedded Heparin Calculator:
An Antithrombotic Stewardship Initiative

Taylor P. Robichaux, PharmD'(?), Vi Gilmore, PharmD?, Erica Willits, RN3,

Kelly Turner, RN3, Sheila Miranda, RN3, John Lindsley, PharmD?,

Rosemary Joy Duncan, PharmD?, lan Watt, PharmD?, Catherine Kiruthi, PharmD?,
Rakhi Naik, MD*, Michael Streiff, MD*, Jennifer Yui, MD* and Kathryn Dane, PharmD?

Abstract

Background: Therapeutic intensity unfractionated heparin (UFH) infusions require titration to target a therapeutic
activated partial thromboplastin time (aPTT) or UFH anti-Xa. At The Johns Hopkins Hospital (JHH) and Johns Hopkins
Bayview Medical Center (JHBMC), a computerized nurse-managed UFH calculator was built into the electronic health
record (EHR) to improve adherence to institutional nomograms.

Objective: This study evaluated the impact of implementation of an EHR-embedded UFH calculator on nurse-managed
UFH nomogram adherence.

Methods: A retrospective, observational cohort study was conducted at 2 institutions within one health system. Patients
admitted to adult services who received nurse-managed UFH for at least 4 consecutive hours were included. Patients
admitted between March 2019 and March 2021 constituted the pre-implementation cohort and patients admitted August
2021 through August 2023 were included in the post-implementation cohort. The primary outcomes were nurse-managed
UFH nomogram adherence, management of critical aPTT results, and therapeutic aPTT achievement.

Results: A total of 2128 patients were included in the pre-implementation cohort and 2517 in the post-implementation
cohort. The mean age was 61 for both the pre- and post-implementation cohorts. The post-implementation cohort
experienced an increase in adherence to initial bolus dose recommendations when compared with the pre-implementation
cohort (85.9% vs 92%, P < 0.001) as well as increased adherence to correct initial infusion doses (80.8% vs 95.9%,
P < 0.001). Infusion dose adjustment error rates were reduced in the post-implementation cohort (4.9% vs 1.5%, P
< 0.001). Fewer patients experienced nomogram nonadherence errors in the post-implementation cohort (20.2% vs
5.3%, P < 0.001). Critical aPTT nomogram adherence improved after calculator implementation for resumption at the
recommended dose (72.4% vs 94.0%, P < 0.001). However, the time to therapeutic aPTT achievement was similar
between pre-implementation and post-implementation cohorts.

Conclusion and Relevance: A stewardship initiative to implement an EHR-embedded nurse-managed UFH calculator
significantly increased adherence to nomogram-recommended initial doses and dose adjustments.
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Introduction Patient Safety Goal (NPSG) starting in 2008 with the
intent of reducing the likelihood of patient harm associ-

Anticoagulants rank among the most commonly impli- ated with the use of anticoagulant therapy.*’ More

cated medication classes for adverse drug events.'” The  recently, the implementation of anticoagulation steward-
Joint Commission included anticoagulants in the National ~ ship programs has expanded nationally with the goal of
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decreasing preventable anticoagulant-related bleeds and
thrombosis.®’

Unfractionated heparin (UFH) is the most widely used
anticoagulant due to its quick onset, short half-life, and
reversibility.'” Therapeutic intensity UFH dosing is initiated
with or without an initial weight-based bolus followed by a
maintenance infusion which is adjusted to achieve therapeu-
tic coagulation parameters using either activated partial
thromboplastin time (aPTT) or anti-Xa activity.!! The first
UFH nomogram was developed in 1991 to aid clinicians in
performing dose adjustments for patients on therapeutic hep-
arin infusions.'? After the Joint Commission introduced the
NPSG on anticoagulation in 2008, use of UFH nomograms to
guide therapeutic UFH infusion dose adjustments became
standard practice.*” The specific personnel responsible for
implementing UFH infusion dose adjustments according to
nomogram guidance varies across institutions.

Historically, UFH nomograms were provider-driven, but
nurse-driven protocols have become increasingly popular
due to data suggesting advantages of this titration method."3
In 1997, implementation of a nurse-driven UFH nomogram
demonstrated reduced time to therapeutic aPTT achieve-
ment (16 hours vs 39 hours; P < 0.05) with fewer dose
adjustments when compared with physician titration.'* In
2018, Schurr et al highlighted the benefits of implementing
a nurse-driven UFH nomogram at Brigham and Women’s
Hospital, including a significant reduction in the time to
therapeutic aPTT achievement compared with physician
titration (11.7 hours vs 18.7 hours; P < 0.005). The percent-
age of patients achieving therapeutic aPTT within 24 hours
also increased from 74% to 89%. Notably, the implementa-
tion of nurse-managed UFH nomograms did not result in an
increase in critical aPTT values compared with physician
titration.'3 Other institutions have reported similar benefits
of nurse-managed UFH nomogram implementation.'>

Despite the benefits of nurse-driven UFH protocols, the
risk of human error remains present when interpreting rec-
ommended adjustments within a written nomogram. Most
recently, a pilot study demonstrated the use of an UFH cal-
culator decreased the incidence of infusion errors in the
emergency department of a community medical center.'® At
The Johns Hopkins Hospital (JHH) and Johns Hopkins
Bayview Medical Center (JHBMC), a computerized EHR-
based UFH calculator was implemented to help increase
adherence to institutional nomograms and reduce medica-
tion errors. This study aimed to compare UFH nomogram

adherence pre- and post-implementation of an EHR-
embedded UFH calculator.

Methods
Study Design

A computerized UFH calculator was implemented into the
JHH and JHBMC Epic-based EHR in April 2021. A multi-
disciplinary workgroup comprised of pharmacists, nurses,
physicians, informaticists, and one human factors engineer
was formed over 1 year prior to implementation. The work-
group was led by a nurse educator, an anticoagulation stew-
ardship clinical pharmacy specialist, and a clinical pharmacy
informaticist. The workgroup focused on identifying areas
for improvement with the prior approach (paper nomo-
grams), developing build specifications for the UFH calcu-
lator, performing validation of the build, and developing
necessary policy updates and educational materials for staff
to support implementation. The Epic Foundation UFH cal-
culator was adapted with customization to meet institutional
needs. After the workgroup developed build specifications,
the build was completed by a single clinical pharmacy
informaticist and subsequently validated by 1 pharmacist
and 1 fourth-year pharmacy student.

Prior to implementation, extensive education was pro-
vided to nurses on best practices for EHR-based calculator
use. Electronic learning modules outlining pertinent
changes were assigned to all adult inpatient nurses and adult
inpatient pharmacists. Nurses also received written educa-
tion outlining key changes in the form of a fast facts docu-
ment. In addition, select nurses were identified for each
adult unit to attend a training session with the opportunity
for hands-on use of the EHR-based UFH calculator and to
serve as a just-in-time resource during the implementation
period. Pharmacists and prescribers also received written
education regarding order set changes that accompanied
EHR-based nurse-managed UFH calculator implementa-
tion. Nurses access the UFH calculator via UFH order(s) on
the medication administration record (MAR), initially
selecting from a list of workflow guidance buttons which
represent the clinical scenario present at that time (eg, initi-
ating infusion, new aPTT result for infusing UFH).
Instructions on next steps are provided based on the selected
workflow guidance, such as “use initial dose calculator to
start a heparin infusion” which refers users to the section
displaying the infusion starting dose, or “use dose
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adjustment calculator and enter new aPTT result” which
refers users to the section allowing for aPTT result entry by
the nurse to obtain dose adjustment instructions.

A retrospective, observational chart view was conducted
to compare pre- and post-implementation cohorts. Patients
receiving nurse-managed UFH between March 2019
through March 2021 and August 2021 through August 2023
comprised the pre- and post-implementation cohorts,
respectively. The study included patients at least 18 years of
age admitted to all adult services (comprised of intensive
care and floor level of care for medically ill and surgical
patients) at JHH or JHBMC who received nurse-managed
heparin infusions for at least 4 consecutive hours. Patients
receiving nurse-managed UFH during the 4 months imme-
diately following calculator implementation (April through
July 2021) were not included to allow time for staff to adjust
to the new nurse-managed UFH workflow. Patients who
were switched between UFH nomograms during the evalu-
ation period, presented with an elevated baseline aPTT,
transferred from outside hospital, underwent cardiac cathe-
terization before UFH infusion initiation, or prescribed the
UFH post-coil stent nomogram (pre-calculator cohort only)
were excluded. The primary study outcomes were nurse-
managed UFH nomogram adherence, management of criti-
cal aPTT results, and therapeutic aPTT achievement
pre- and post-calculator implementation.

Data Collection

Ethics approval for this study was obtained from the
Institutional Review Board. The details of ordered UFH regi-
mens were collected for each included patient up to 48 hours
after UFH initiation. The therapeutic aPTT range at JHH and
JHBMC is 50 to 80.9 seconds which corresponds to an UFH
anti-Xa of 0.3 to 0.7 [U/mL. Both JHH and JHBMC utilize a
Siemens analyzer and Actin FSL brand aPTT reagent which
remained constant over the study period. Several lots of
reagents were tested at each cycle, and the lot selected
matched the previous therapeutic aPTT range to keep the
nomograms unchanged. Four nurse-managed UFH nomo-
grams are available at JHH and JHBMC: standard goal pro-
tocol (aPTT 50-80.9 seconds), standard goal >155 kg
protocol (aPTT 50-80.9 seconds), low goal protocol (aPTT
50-65.9 seconds), and acute coronary syndromes protocol
(aPTT 50-65.9 seconds). In the post-calculator implementa-
tion period, the 2 standard goal nomograms were combined
into one, but all dose adjustments and weight categories
remained unchanged with this update. Examples of post-cal-
culator implementation nomograms are available in Appendix
A. All nomograms instructed the nurse to draw a baseline
aPTT at UFH initiation and recheck aPTT 6 hours after UFH
initiation or subsequent dose adjustments. Once 2 consecu-
tive aPTT are within therapeutic range, aPTT measurement
frequency is spaced to once daily.

Nomogram adherence was assessed in the portion of the
overall population who remained on UFH for 48 consecu-
tive hours after initiation. Patients who underwent cardiac
catheterization within 48 hours of heparin initiation were
excluded. Available heparin ordering options within each
nomogram include (1) infusion only, (2) initial bolus,
rebolus, and infusion, (3) initial bolus and infusion (pre-
calculator only), and (4) rebolus and infusion, and patients
receiving any of these combinations of orders were included
in the nomogram adherence assessment. A critical aPTT
result was defined as an aPTT > 116 seconds for acute cor-
onary syndromes and low goal nomograms and > 126 sec-
onds for standard goal nomogram. Heparin management at
the time of the first critical aPTT result during the encounter
was assessed for all patients included in the overall cohort.
After the first critical aPTT episode, subsequent critical
aPTT episodes were excluded from the critical aPTT
analysis.

Study Outcomes

Adherence to nomogram-recommended initial bolus and
initial infusion dosing were evaluated in addition to subse-
quent rebolus administrations and infusion dose adjust-
ments. Nomogram adherence was assessed for each aPTT
result available during the 48-hour assessment period for
patients in the adherence cohort only.

For critical aPTT results, nurses are instructed to pause
the infusion, recheck the aPTT every 2 hours until the result
falls below a nomogram-specific aPTT threshold, and sub-
sequently restart the UFH infusion at a nomogram-specified
reduced dose. Patients who experienced a critical aPTT
result were included in the overall adherence assessment
but were also evaluated separately for adherence to each
step in the critical aPTT management workflow for the first
instance of a critical aPTT value only. In addition, therapeu-
tic aPTT achievement within 6, 12, 24, and 48 hours was
evaluated for all patients included in the study. For this
assessment, the numerator for each timeframe represents
the accumulation of patients who achieved a therapeutic
aPTT within the specified timeframe (eg, patients who were
therapeutic within 6 hours are also included in the numera-
tor for within 12, 24, and 48 hours). The denominator repre-
sents all patients who received a UFH infusion during the
study period within each cohort. Furthermore, aPTTs
obtained at 6, 12, 24, and 48 hours were categorized accord-
ing to whether they were subtherapeutic, therapeutic, or
supratherapeutic. For this assessment, aPTTs were included
for each timepoint if they were collected within 1 hour
before or 2 hours after the specified time. The denominator
for this assessment represents the total number of aPTTs
meeting these criteria at each timepoint.

The frequency of erroneous rebolus administration and
UFH infusion dose adjustments titrated using the baseline
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Table |. Baseline Demographics.

Pre-implementation cohort

Post-implementation cohort

Characteristic (n = 2128) (n = 2517) P value
Age—y, median (IQR) 63 (21) 63 (20) -
Male sex, n (%) 1119 (52.6) 1357 (53.9) -
Race, n (%)
Black 1008 (47.4) 1219 (48.4) -
White 966 (45.4) 1113 (44.2) -
Asian or Pacific Islander 51 (24) 57 (2.3) -
American Indian or Alaskan 6 (0.3) 6 (0.2) -
Other 90 (4.2) 106 (4.2) -
Unknown 7 (0.3) 16 (0.6) -
Nomogram ordered, n (%)
Low goal (aPTT 50-65.9) 516 (24.3) 676 (26.9) 0.047
Acute coronary syndromes (aPTT 50-65.9) 294 (13.8) 322 (12.8) 0.315
Standard (aPTT 50-80.9) 1285 (60.4) 1478 (58.7) 0.260
Standard > 155 kg (aPTT 50-80.9) 33 (1.5) 41 (1.6) 0.827
UFH infusion ordered, n (%)
Infusion only 1163 (54.7) 1588 (63.1) <0.001
Initial bolus, infusion, and rebolus 876 (41.2) 704 (27.9) <0.001
Initial bolus and infusion 59 (2.8) 34 (1.4) 0.001
Rebolus and infusion 30 (1.3) 191 (7.6) <0.001

aPTT results was also assessed. Notably, during the post-
implementation evaluation period on July 3, 2023, an alert
was implemented which fires to nurses entering an aPTT
into the calculator for dose adjustment recommendations
within 3 hours of infusion initiation to identify aPTT entries
likely representing erroneous use of a baseline aPTT value.
Thus, to evaluate the impact of the EHR calculator on erro-
neous baseline aPTT use for UFH titration, the post-imple-
mentation cohort was censored to exclude infusion
initiations after July 2, 2023.

Statistical Analysis

STATA Statistical Software, version 18, was used to per-
form statistical analyses (Stata Corp LP, College Station,
TX, USA). Comparative statistics were performed using
chi-square test for categorical data and Wilcoxon rank-sum
test for continuous data. Statistical significance was defined
as a P-value <0.05. Shapiro-Wilk test was used to assess
whether data was parametric or non-parametric.

Results

A total of 4648 patients were included in the study with
2128 included in the pre-implementation cohort and 2517
patients in the post-implementation cohorts. The median
(IQR) age for the pre- and post-implementation cohorts was
63 (21) and 63 (20) years, respectively, and 53% were male.
The majority of patients were prescribed the standard UFH
nomogram and there were no significant differences

observed in the specific nomogram ordered between the
pre- and post-implementation cohorts (Table 1). Initial
bolus prescribing was significantly more common in the
pre-implementation cohort. The median (IQR) duration of
the heparin infusion in the pre- and post-implementation
cohorts was 37.7 (29.9) and 39.2 (30) hours, respectively (P
= 0.632). The median time to aPTT result availability after
sample collection was 49 minutes (IQR = 29).

The adherence cohort was comprised of 831 patients in the
pre-implementation cohort and 957 patients in the post-imple-
mentation cohort. A significant increase in adherence to
nomogram-recommended initial bolus (85.9% vs 92%, P <
0.001) and initial infusion doses (80.8% vs 95.9%, P < 0.001)
was observed in the post-implementation cohort (Figure 1a).
Based on all aPTT results reviewed, overall infusion dose
adjustment error rates were significantly lower in the post-
implementation cohort, 205/4195 (4.9%) versus 54/3582
(1.5%), P < 0.001, and fewer patients experienced one or
more infusion dose adjustment error in the post-implementa-
tion cohort (20.2% vs 5.3%, P < 0.001; Figure 1b). Dose
adjustment error categorization is displayed in Figure 1b.

A total of 409 and 487 patients were assessed for critical
aPTT management adherence in the pre- and post-imple-
mentation cohorts, respectively. No difference was observed
in adherence to infusion pausing recommendations between
groups (94.2% vs 96.5%, P = 0.224). After interruption for
a critical aPTT result, the infusion was more frequently
resumed at the defined aPTT reinitiation threshold in the
pre-implementation cohort (99.0% vs 96.2%, P = 0.01).
However, adherence to infusion reinitiation at the
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A. Initial Dosing Nomogram Adherence

BPre-implementation cohort BPost-implementation cohort
Correct Initial Bolus 85.9
Dose (%) 92
p <0.001
Correct Initial Infusion 80.8
Dose (°/o) 95.9
p <0.001
50 60 70 80 90 100
B. Dose Adjustment Errors
Pre-implementation cohort (%) 8.7 10.1 E 20.2
0.1 p <0.001
Post-implementation cohort (%) |1.8] 34 I/s.s
BUnderdose only
BO0verdose only
@Over and Underdose
0 5 10 15 20 25
C. Critical aPTT Management
100 p=0.01 OPre-implemention cohort
p=0.224 99.0 @ Post-implementation cohort
90 94.2
80
70
60
Infusion paused after critical aPTT (%) Infusion resumed once aPTT below  Infusion resumed at correct infusion dose
threshold (%) (%)

Figure I. Nomogram adherence. (a) Initial dosing nomogram adherence. (b) Dose adjustment errors. (c) Critical aPTT management.
?Initial bolus doses and infusion doses were assessed for correctness based on nomogram recommendations (panel a). Adjustment errors included
patients with =1 incorrect dose adjustment (panel b). Patients with =1 incidence of a critical aPTT result were assessed based on the first critical
aPTT episode. Critical aPTT: aPTT > 116 for acute coronary syndrome and low goal; aPTT > 126 for standard goal (panel c).
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Table 2. Therapeutic aPTT Achievement.

Pre-implementation cohort

Post-implementation cohort

Endpoints (n =12128) (n =2517) P value
Therapeutic aPTT, n (%)
Within 6 hours 521 (24.5) 601 (23.9) 0.650
Within 12 hours 867 (40.7) 935 (37.2) 0.014
Within 24 hours 1295 (60.8) 1443 (57.3) 0.018
Within 48 hours 1523 (71.6) 1721 (68.4) 0.018
Time to therapeutic aPTT (hours), median (IQR) 13.1 (14.5) 13.3 (15.5) 0.607

Table 3. aPTT Categorization at 6, 12, 24, and 48 Hours Post-UFH Initiation.

Pre-implementation cohort,

Post-implementation cohort,

aPTT Category

n/n total (%)

At 6 hours
Subtherapeutic
Therapeutic
Supratherapeutic

At 12 hours
Subtherapeutic
Therapeutic
Supratherapeutic

At 24 hours
Subtherapeutic
Therapeutic
Supratherapeutic

At 48 hours
Subtherapeutic
Therapeutic
Supratherapeutic

718/1820 (39.5)
47711820 (26.2)
625/1820 (34.3)

310/1015 (30.7)
425/1015 (41.8)
280/1015 (27.5)

133/442 (30.0)
208/442 (47.1)
101/442 (22.9)

45/153 (29.4)
89/153 (58.2)
19/153 (12.4)

n/n total (%) P value
<0.001
900/1972 (45.6)
508/1972 (25.8)
564/1972 (28.6)
<0.001
433/1143 (37.9)
395/1143 (34.5)
315/1143 (27.6)
0.398
176/523 (33.7)
242/523 (46.3)
105/523 (20.0)
0.020

68/180 (37.8)
78/180 (43.3)
34/180 (18.9)

nomogram-recommended reduced dose after interruption
for a critical aPTT value increased in the post-implementa-
tion cohort (72.4% vs 94.0%, P < 0.001) (Figure 1c).

Therapeutic aPTT achievement was higher in the pre-
implementation cohort within 12, 24, and 48 hours of hepa-
rin initiation (Table 2). Notably, the time to first therapeutic
aPTT was similar between the pre- and post-calculator
cohorts, with a median time of 13.1 and 13.3 hours, respec-
tively. Rates of subtherapeutic, therapeutic, and suprathera-
peutic aPTTs at 6, 12, 24, and 48 hours after UFH infusion
initiation are outlined in Table 3. Notably, significant differ-
ences exist between groups at 6 and 12 hours. Numerically
higher rates of subtherapeutic aPTTs were observed in the
post-implementation cohort at 6 and 12 hours, while the
pre-implementation group demonstrated a numerically
higher rate of supratherapeutic aPTTs at 6 hours.

A comparison of rates of baseline aPTT utilization for
UFH infusion adjustments or rebolus administration was
performed between cohorts. For this evaluation, the post-
implementation cohort assessment period ended on July 2,
2023, due to implementation of a best practice alert (BPA)

directed at this workflow on July 3, 2023 (Table 4). There
were no differences between cohorts in the frequency of
infusion dose adjustments using the baseline aPTT result.
Fewer patients in the pre-implementation cohort errone-
ously received a single rebolus dose using the baseline
aPTT result compared with the post-implementation cohort.

Discussion

Principal Findings

Implementation of an EHR-embedded nurse-managed UFH
calculator resulted in a significant increase in adherence to
nomogram-recommended initial bolus doses, initial infu-
sion doses, and infusion dose adjustments. This improve-
ment is likely due to removing the need for the nurse to
identify the appropriate written nomogram among 4 avail-
able protocols and the risk for misinterpretation of the
nomogram charts in the pre-implementation cohort.
Previously, the nurse was required to manually calculate
dose adjustments and navigate between multiple screens
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Table 4. Utilization of Baseline aPTT for Infusion Dose Adjustments and Rebolus Administration.

Endpoints Pre-implementation cohort  Post-implementation cohort P value
Excluding patients in post-calculator cohort after best practice alert implementation®

Infusion dose changed due to baseline aPTT, n/n total (%) 28/2128 (1.3) 27/2427 (1.1) 0.534
Erroneous rebolus given due to baseline aPTT, n/n total (%) 9/516 (1.7) 197492 (3.9) 0.041

2On July 3, 2023, a best practice alert was implemented for an aPTT entered within 3 hours of initiation. The alert recommended the user to verify

that the aPTT entered is not a baseline aPTT.

within the EHR (eg, laboratory results, nomogram web-
links, orders tab) to gather all necessary information. With
the implementation of the UFH calculator, all the required
information is located within the UFH order under the med-
ication administration record. The nurse inputs the appro-
priate aPTT result into the calculator and is subsequently
instructed on whether to administer a bolus, adjust the infu-
sion dose, and when to time the next aPTT lab draw.

Restarting the infusion at an increased dose after the
result of a critical aPTT was a common error prior to UFH
calculator implementation. Due to misinterpretation of the
paper nomograms, the aPTT drawn after infusion interrup-
tion which is intended for use in determining when to reini-
tiate the infusion was mistakenly used to guide dose
adjustments. This resulted in inappropriate dose escalation
rather than decrease from the original infusion dose which
led to the critical aPTT. One advantage of the electronic
build of UFH calculator is the ability to implement alerts
and/or hard stops to intervene on error-prone workflows.
Thus, the UFH calculator was configured to prevent users
from entering a new aPTT value into the calculator to obtain
dose adjustment recommendations while the infusion is
paused for a supratherapeutic result to abate this high-risk
error. With this structure, the UFH calculator significantly
decreased the percentage of incorrect infusion doses at the
time of infusion reinitiation after a critical aPTT by 21.6%.
Although there was a statistically significant increase in the
frequency of inappropriate UFH reinitiation timing after
infusion interruption in the post-implementation cohort, the
difference of 2.8% is likely not clinically significant. In
addition, the infusion reinitiation timing portion of the criti-
cal aPTT workflow was not expected to be impacted by
UFH calculator implementation because there are no safety
features integrated into the calculator build impacting this
specific part of the workflow. Moreover, compliance rates
with this part of the workflow were already very high pre-
EHR calculator implementation.

Therapeutic aPTT achievement rates within 12, 24, and 48
hours did not favor the post-implementation cohort. Notably,
the difference between groups at each of these 3 time points is
approximately 3% which may not represent a clinically sig-
nificant difference, as the overall time to therapeutic aPTT
achievement did not differ between groups. When aPTTs
obtained at 6, 12, 24, and 48 hours were categorized as

subtherapeutic, therapeutic, or supratherapeutic and compared
between groups, significant differences were identified
between groups at 6 and 12 hours after UFH initiation. Rates
of subtherapeutic aPTTs were higher in the post-implementa-
tion cohort at 6 and 12 hours, while rates of supratherapeutic
aPTTs were higher in the pre-implementation cohort at 6
hours. These differences between groups may have offset and
contributed to a similar time to first therapeutic aPTT between
groups.

With a decrease in the observed error rate after imple-
mentation of the calculator, improved rates of therapeutic
aPTT achievement were expected. Further investigation is
warranted to determine the driver of this important finding,
which seems to be unrelated to calculator performance.
More specifically, while nomogram adherence was mea-
sured, the timeliness of aPTT obtainment and subsequent
dose adjustments were not assessed and represent an impor-
tant area of additional study. Another potential contributor
to these findings is that there were higher rates of prescrib-
ing less aggressive dosing strategies in the post-implemen-
tation cohort, including use of infusion only orders without
an initial bolus or rebolus. It is possible that the numerically
higher rates of supratherapeutic aPTTs at 6 hours in the pre-
implementation cohort occurred because of increased rates
of initial bolus administration in the pre-implementation
cohort. In addition, these findings may also be due to per-
formance of our nomograms, because with improved nomo-
gram adherence post-implementation we can more
accurately evaluate nomogram adherence and identify
opportunities for improvement in our dosing strategies. As
such, these results suggest that further investigation is
needed to determine whether adjustments to our initial dos-
ing and dose adjustment protocols are required.

Importantly, a higher number of patients in the post-cal-
culator cohort received rebolus dose administration inap-
propriately based on the baseline aPTT value, rather than
the first aPTT drawn after starting the infusion. This issue
was identified early after calculator implementation from
patient safety event reporting, and a BPA was created in
response. The exact reason for the higher frequency of this
error after calculator implementation is unknown. We
hypothesize that in the pre-implementation cohort, there
was a higher rate of rebolus dose omission due to the need
to refer to 2 separate pages of the nomogram for the rebolus
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and infusion instructions. Therefore, the rebolus omission
error prevented the interpretational error of basing rebolus
doses on the wrong aPTT. Despite the BPA being added to
the calculator workflow on July 3, 2023, the impact of this
alert was not assessed due to the small sample size in the
post-alert period. Subsequent to the time period evaluated
in this study, the aPTT entry field on the rebolus order was
removed as an additional safety feature, forcing the nurse to
use the EHR calculator on the infusion order to determine
both infusion dose adjustments and rebolus recommenda-
tions. This helps to ensure that the safety features anchored
on the infusion order, such as the baseline aPTT BPA, are
not incidentally bypassed.

Notable limitations of this study include the challenges
associated with retrospective chart reviews, which require
proper EHR documentation for data accuracy. In addition,
initial bolus and rebolus prescribing patterns were different
between cohorts which introduces an important confounder.
More patients in the post-implementation cohort received
less aggressive dosing strategies, which could have affected
time to therapeutic aPTT, although the impact of this was
not fully explored in an adjusted analysis. Furthermore, the
time from aPTT result availability to dose adjustment and
the number of aPTT lab draws were not assessed, which
could have affected the rates of and time to therapeutic
aPTT achievement. Lastly, interruptions in heparin infu-
sions during the study period which occur in practice due to
factors such loss of intravenous access or the need for minor
bedside procedures were not captured.

The strengths of this study include the large sample size
and multicenter design which evaluated adherence to all
dose adjustment aspects of UFH calculator nomogram
workflows in a real-world clinical setting. This comparative
study not only highlights how the integration of EHR-
embedded tool can increase medication safety, but also how
it can lay the groundwork for future research and auditing.

Conclusion and Relevance

This is the first, large-scale, multicenter study to demon-
strate the impact of an EHR-embedded nurse-managed UFH
calculator. The build, implementation, and maintenance of
EHR-based heparin calculators are labor intensive, and these
findings provide justification for allocation of resources to
support these efforts to improve safety. In addition, moving
all aspects of calculator recommendations from paper nomo-
grams to the EHR also allows large-scale auditing to guide
education and calculator configuration updates. The use of
automated systems in medication management continues to
rise. This study emphasizes the importance of new technol-
ogy integration and the validation of its impact.

In our cohort, the implementation of an EHR-based nurse-
managed UFH calculator decreased medication errors.
Implementation of the EHR-embedded nurse-managed UFH

calculator significantly increased adherence to nomogram-
recommended initial bolus and infusion doses, as well as sub-
sequent infusion dose adjustments and rebolus dose
administrations. A higher portion of patients received the cor-
rect initial bolus dose in the post-calculator cohort. The UFH
calculator significantly decreased infusion dose adjustment
errors, which was largely driven by overdose errors in the
pre-implementation cohort and represents an opportunity to
reduce supratherapeutic levels and bleeding events with UFH
calculator use. Importantly, a concerningly high rate of incor-
rect doses were observed in the pre-implementation cohort
when restarting the UFH infusion following critical aPTT
results. The increased rates of infusion resumption at the cor-
rect dose observed in the post-implementation cohort within
the critical aPTT workflow may potentially reduce bleeding
events. Despite these positive results, fewer patients in the
post-calculator cohort achieved a therapeutic aPTT within
12, 24, and 48 hours though time to therapeutic aPTT were
similar. Additional evaluation is needed to better understand
key drivers of this finding such as timeliness of aPTT obtain-
ment, response to aPTT results, and overall nomogram per-
formance. A larger proportion of patients in the
post-implementation cohort had an infusion only order,
which may have also affected time to therapeutic range.
Further evaluation is warranted to evaluate the impact of dif-
ferences in ordering practices for initial bolus and re-bolus
orders on therapeutic aPTT achievement.

These results support implementation of EHR-based
nurse-managed UFH calculators as an antithrombotic stew-
ardship initiative to reduce preventable adverse events asso-
ciated with anticoagulation therapy and improve adherence
to institutional nomograms.'”!#
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