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Unfractionated heparin (UFH) is a preferred 
anticoagulant agent in clinical practice for 
several indications due to its safety in patients 

with renal dysfunction, its short half-life, and the 
availability of a reversal agent. An additional benefit 
is the ability to monitor the level of anticoagulation 
with readily accessible laboratory monitoring tools.1 

For patients on continuous intravenous (IV) 
UFH, laboratory monitoring is recommended due to 
variable pharmacokinetics and pharmacodynamics 

related to nonspecific binding of heparin to proteins 
and endothelial cells and patient-specific variables 
including weight, age, thrombophilias, liver disease, 
lupus anticoagulants, and disseminated intravascu-
lar coagulation.2,3 Although there are known limita-
tions, the most convenient and commonly used labo-
ratory monitoring tool for heparin is the activated 
partial thromboplastin time (aPTT). The American 
Heart Association guidelines recommend obtain-
ing an aPTT 6 hours after initiation and after each 
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Background: For patients on continuous IV unfractionated heparin (UFH), failing to achieve a 
therapeutic aPTT by 24 hours can be associated with increased morbidity. A pharmacy clini-
cal surveillance system (PCSS) subtherapeutic aPTT alert was implemented at our institution to 
improve achievement of therapeutic aPTT goals by 24 hours.
Objective: The primary objective was the time to achieve the minimum goal aPTT before and after 
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who achieved the minimum goal aPTT by 24 hours and the number of dose changes to achieve 
the minimum goal aPTT.
Methods: A single-center retrospective study was conducted to include all adult inpatients receiv-
ing a continuous UFH infusion during a 3-month period prior to the implementation of a sub-
therapeutic aPTT alert and a 3-month period after implementation. 
Results: 317 patients were included in the analysis. The average time to achieve the minimum 
goal aPTT was 21.8 hours prior to alert implementation and 15.4 hours after implementation  
(p = .002). The percent of patients who achieved the minimum goal aPTT by 24 hours was 65.7% 
prior to alert implementation and 82.4% after implementation (p = .035). The average number of 
dose changes necessary to achieve aPTT value to the minimum goal aPTT prior to alert implemen-
tation was 1.67 and 1. 98 after implementation (p = .68).  
Conclusion: This analysis showed that implementation of a PCSS subtherapeutic aPTT alert for 
patients on continuous UFH infusions may ensure patients reach goal aPTT faster and facilitate a 
higher percent of patients who achieve the minimum goal aPTT by 24 hours.
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dose change to assess the effect of the current dose.4 
Patients receiving continuous IV UFH are monitored 
to ensure they reach and maintain therapeutic aPTT 
values. It has been shown that patients anticoagu-
lated for venous thromboembolism (VTE) who failed 
to achieve a therapeutic aPTT level by 24 hours can 
have increased morbidity, such as a higher risk for 
subsequent recurrent VTE.5-10

Historically, less than 25% of patients at our 
institution have achieved a therapeutic aPTT by  
24 hours regardless of the indication. The target range 
for aPTT at our institution follows the 2012 CHEST 
guidelines.11 Implementation of a pharmacy clinical 
surveillance system (PCSS) with an alert specific to 
UFH could potentially increase the percent of patients 
achieving a therapeutic aPTT by 24 hours. PCSS are 
commonly used by health care facilities to implement 
a set of rules to identify at-risk patients and facilitate 
clinician interventions to meet therapeutic goals. One 
cross-sectional study showed the association between 
utilizing a PCSS within the hospital and lower mor-
tality rates and lower costs.12 PCSS can be utilized by 
pharmacists to identify patients who would benefit 
most from pharmacists’ interventions. In the literature, 
there are limited studies that compare the impact of 
pharmacists’ interventions on clinical outcomes before 
and after utilization of a PCSS. Examples of these stud-
ies include antimicrobial stewardship programs and 
pharmacy clinical interventions related to cost savings 
initiatives, such as IV to oral (PO) conversion.13,14

At our institution, a PCSS has been utilized with 
the goal of improving patient care by integrating data 
from a variety of hospital clinical information sys-
tems to provide alerts in real time. Alerts in the PCSS 
can be created and modified by the institution. In 
March 2014, an alert was added to the PCSS at our 
institution to identify subtherapeutic aPTT values for 
patients on continuous IV UFH to enable pharma-
cists to make real-time interventions that maximize 
IV UFH efficacy while minimizing adverse events. 
Before implementing the subtherapeutic heparin 
aPTT alert in the PCSS, there were no system-gener-
ated real-time alerts for subtherapeutic aPTT values 
for patients on continuous UFH infusions. 

METHODS
An observational single-center retrospective 

chart review was conducted using an electronic 
reporting system to identify all adult (18 years and 
older) inpatients at our institution receiving a contin-
uous infusion of UFH. The study evaluated patients 
on continuous IV UFH for a 3-month period after 

the implementation of a subtherapeutic aPTT alert, 
allowing for a 5-month washout period (September-
November 2014). The results were compared to the 
same 3-month period in the year prior to the imple-
mentation (September-November 2013).

The study excluded patients with UFH orders 
that did not include an aPTT goal, patients who were 
started on continuous UFH at an outside hospital, 
patients with an aPTT goal that included a value of 
less than 50 seconds, patients who received continu-
ous UFH for less than 24 hours, and patients who 
received continuous UFH in the emergency depart-
ment (ED) for more than 8 hours. 

The primary endpoint was the time to achieve the 
minimum goal aPTT before and after the implemen-
tation of the subtherapeutic aPTT alert. The second-
ary objectives were to examine the percent of patients 
who achieved the minimum goal aPTT by 24 hours 
as well as the number of dose changes to achieve the 
minimum goal aPTT.

Approval from the institutional review board was 
obtained for all information gathered. Information 
collected from patients’ electronic charts included 
patient demographics, indications for UFH, aPTT 
results, initial dose of continuous IV UFH (units/h), 
and number of dose changes to achieve a minimum 
goal aPTT. 

Data are presented as mean ± standard deviation. 
A p value less than .05 was considered statistically 
significant. Chi-square test was used to compare cate-
gorical data and Student’s t test was used to compare 
continuous data.  

When the subtherapeutic heparin aPTT alert 
was added to the PCSS, aPTT values were transmit-
ted to PCSS immediately after the laboratory result 
was made available in the hospital electronic system. 
Any aPTT value below 50 seconds for patients on a 
continuous UFH infusion were identified in the PCSS 
as subtherapeutic. Pharmacists analyzed the alerts 
and acted on them by assessing the heparin dose and 
aPTT goal with the purpose of making an interven-
tion, if needed, in real time. 

RESULTS
Overall, 1,045 patients were evaluated for inclu-

sion. Of those, 728 patients did not meet the inclusion 
criteria and were excluded from the study (Figure 1). 
The majority of patients were excluded for not hav-
ing an aPTT goal documented within the order (n = 
603). Other reasons for exclusion included patients 
started on continuous UFH at an outside hospital 
(n = 60), patients who received continuous UFH for 
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less than 24 hours (n = 41), patients who had an aPTT 
goal that included a value of less than 50 seconds  
(n = 17), and patients who received continuous UFH 
in the ED for more than 8 hours (n = 7). A total 
of 317 patients were included in the analysis, 156 
patients were evaluated in the before implementation 
group, and 161 patients were evaluated in the after 
implementation group.  

Baseline characteristics are represented in Table 1. 
The majority of patients, in both groups, were Cau-
casian (83% and 84%) and male (65% and 60%) in 
the before and after implementation groups, respec-
tively, with no statistically significant difference. The 
mean age was similar in both groups, 67.9 years in 
the before implementation and 64.9 years in the after 
implementation group (p= .34). The mean actual 
body weight was 72.8 kg in the before implemen-
tation group and 84.3 kg in the after implementa-
tion group (p = .0001). The mean initial continuous 
UFH infusion dose was 986.7 units/h in the before 
implementation group and 1082.7 units/h in the after 
implementation group (p = .02). The most common 
indications for continuous UFH infusion therapy 
were atrial fibrillation and VTE.  

The mean time to achieve the minimum goal aPTT 
was 21.8 hours ± 21.6 prior to alert implementation 

and 15.4 hours ± 14.5 after implementation (p = .002). 
The percent of patients who achieved the minimum 
goal aPTT by 24 hours was 65.7% prior to and 
82.4% after alert implementation (p = .004). The 
mean number of dose changes necessary to achieve 
a minimum goal aPTT before the alert was 1.67 and  
1.98 after the alert (p= .68) (Table 2). 

DISCUSSION 
At our institution, heparin is dosed using the 

traditional approach of an ordering provider using 
a paper-based nomogram to adjust the infusion dose 
every 6 hours based on the aPTT. Previous quality 
improvement data from our institution have shown a 
delay in achieving therapeutic aPTT goals in patients 
receiving IV UFH. One reason for this may be that 
clinicians have to actively look for the aPTT result 
and adjust the dose, which may be delayed due to 
demanding clinician workload. As previous stud-
ies have shown, achieving a therapeutic aPTT by  
24 hours is important to improve patient outcomes 
for patients receiving continuous infusions of UFH.5-10 

In the literature, studies have suggested that 
some methods for achieving therapeutic aPTT values 
faster for patients on continuous UFH infusions 
include pharmacy-based, computer-assisted dosing of 

Screened patients
n = 1,045

Eligible patients
n = 317

Before
implementation

n = 156

Exclusions
(728, 69.7%)

• (603, 57.7%) UFH orders
did not include an aPTT
goal

• (60, 5.7%) Patients were
started on continuous
UFH at an outside
hospital

• (41, 3.9%) Patients who
received continuous UFH
for less than 24 hours

• (17, 1.6%) Patients had an
aPTT goal less than 50
seconds

• (7, 0.67%) Patients
received UFH in the ED
for more than 8 hours

After
implementation

n = 161

Figure 1. Screening and exclusion criteria. ED = emergency department; 
UFH = unfractionated heparin.
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heparin; anti-Xa based protocols for UFH monitor-
ing; weight-based nomograms; and nurse-driven hep-
arin dosing nomograms.15-21 At the time of this study, 
our institution did not have these other mechanisms 
in place for dosing and monitoring UFH infusions. 

Other data have shown that adding a PCSS 
positively impacts patient outcomes and creates 
opportunity for cost savings; however, this has 
mostly been focused on antimicrobial stewardship 
and cost savings initiatives.12-14 To our knowledge, 
implementation of a PCSS has not been directly 
assessed for monitoring patients on continuous UFH 

infusions. In this study, a PCSS alert for subthera-
peutic aPTT results was evaluated as a method to 
facilitate achieving therapeutic targets faster by pro-
viding aPTT results to clinicians in real time, so that 
adjustments could be made immediately following 
the availability of laboratory results. Results of this 
study show that implementing a subtherapeutic hep-
arin aPTT alert using a PCSS can decrease the time 
to reach a therapeutic aPTT. The impact was notable 
as the percent of patients who achieved an aPTT at 
goal by 24 hours was significantly higher after the 
implementation. 

Table 1. Baseline characteristics

Demographic Before PCSS
(n = 156)

After PCSS
(n = 161) 

P value

Male, n (%) 101 (64.7) 96 (59.6) .12

Race, n (%)
      Caucasian
      Black
      Hispanic
      Asian
      Indian

129 (82.6) 
17 (10.9)
7 (4.5)
2 (1.3) 
1 (0.64) 

135 (83.8) 
14 (8.9) 
9 (5.6) 
1 (0.62) 
2 (1.2) 

Age, mean ± SD, years  67.9 ± 38.1 64.9 ± 13.9 .34

Weight, mean ± SD, kg 72.8 ± 16.3 84.3 ± 22.0 .0001

Height, mean ± SD, in 73.6 ± 16.4 66.6 ± 4.3 .0001

Initial IV infusion UFH dose, units/h 986.7 ± 329.8 1082.7 ± 374.0 .02

Indications, n (%)  Goal 
aPTT

61 (39.1) 
32 (20.5) 
17 (10.9) 
18 (11.5) 
18 (11.5) 
6 (3.8) 
4 (2.6)

59 (36.6) 
38 (23.6) 
21 (13.0) 
14 (8.7) 
21 (13.0) 
3 (1.9) 
5 (3.1)

 Atrial fibrillation
Venous thromboembolism
Acute coronary syndrome 
Cancer-related thrombosis
Mechanical AVR 
Stroke/TIA
Others (LVAD, APLS)a

60-80
60-80
50-70
60-80
60-80
60-80

Note: APLS = antiphospholipid antibody syndrome; AVR = aortic valve replacement; IV = intravenous; LVAD = left ventricular assist device; PCSS = pharmacy 
clinical surveillance system; TIA = transient ischemic attack; UFH = unfractionated heparin.
aGoal aPTT is not determined in the IV UFH protocol. 

Table 2. Effect of PCSS alert on aPTT
Before PCSS After PCSS P value 

Time to the minimum goal aPTT, mean ± SD, hours 21.8 ± 21.6 15.4 ± 14.5 .002

First aPTT value at least at minimum goal aPTT, mean ± SD 95.8 ± 34.2 93.7 ± 35.6 .559

Percent of patients at the minimum goal aPTT by 24 hours 65.7% 82.4% .004

Dose changes to achieve the minimum goal aPTT, mean ± SD 1.67 ± 2.1 1.98 ± 3.11 .68

Note: PCSS = pharmacy clinical surveillance system.
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The limitations of our study merit some con-
sideration. First, the study design includes a single 
center and was a retrospective design. Additionally, 
the study only analyzed a surrogate marker, aPTT 
goal, rather than safety and efficacy outcomes such 
as rates of thrombosis and bleeding. Lastly, our deci-
sion to exclude patients with UFH orders that did not 
include an aPTT goal resulted in excluding a large 
number of patients (57.7%). This was a retrospec-
tive study and the aPTT goal that was not included 
in the order may have been discussed during medi-
cal rounds, written in patient paper chart, or verbally 
communicated with the pharmacist. This issue has 
been resolved after implementing an order set for IV 
UFH that requires the clinician to define the aPTT 
goal for all IV UFH orders. 

This study demonstrates the value of implement-
ing a subtherapeutic aPTT alert at our institution. 
Results of this study are reflective of our institution 
and its specific heparin-related protocols. A future 
multicenter study is needed to confirm the benefit 
of adding a subtherapeutic heparin alert in a PCSS. 
This study should include clinical endpoints such as 
bleeding and thromboses. In addition to the subther-
apeutic aPTT alert, another similar alert specific to 
supratherapeutic aPTT results could be implemented 
to ensure that dosing is not placing patients at risk 
of bleeding.    

CONCLUSION
Our study suggests that implementation of a 

PCSS alert for subtherapeutic aPTT results is another 
strategy to ensure patients on continuous IV UFH 
reach their goal aPTT faster and facilitates a higher 
percent of patients reaching the minimum goal aPTT 
by 24 hours.
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