
Therapy paused for suspicion of bleeding 0 (0%) 1 (6.25%) 

 

To determine the effect of non-optimal monitoring, two groups of patients were compared. The first 
group received nearly 100% appropriate aPTT monitoring per protocol (n=14) and the second group was 
patients who had aPTTs drawn when indicated <80% of the time (n=16). It was found that patients with 
closer monitoring spent more time in therapeutic range (50% of the time vs 41.5%) and less time in 
critically high ranges (0% vs 3.02%). Finally, patients with suboptimal monitoring had more incidences of 
bleeding compared to those with optimal monitoring (2 events vs. 0 events).   

 

In the upcoming months, we will be rolling out changes to the heparin continuous infusion process as a 
result of this MUE and other medication safety events. These changes include eliminating the age-based 
dosing maximum (weight-based infusions only), the addition of order comments to clarify when to give 
PRN heparin bolus doses, and the implementation of a nursing-driven aPTT monitoring protocol as a 
component of the heparin policy and PowerPlans (Sinai Hospital only as this is already implemented at 
other institutions). The intention is that by eliminating the need to contact providers to change aPTT 
order frequencies combined with re-training will reduce delays in appropriate monitoring and improve 
our overall patient outcomes. Please be on the lookout for more information and training regarding these 
changes to the heparin infusion policy.  

 

Hard NAC Life: New N-acetylcysteine PowerPlans for Acetaminophen Toxicity and Acute Liver 
Failure 

Ryan P. Nottingham, Pharm.D., BCPS, Clinical Pharmacist - Critical Care, Northwest Hospital 

N-acetylcysteine (NAC) is an antidote for acetaminophen (APAP) poisoning that works by maintaining or 
restoring stores of glutathione in the liver. Glutathione is a necessary component in the inactivation of a 
hepatotoxic metabolite of APAP. It is also used for hepatic protection in acute liver failure (ALF). 

Figure 1: N-acetylcysteine dosing regimen 

NAC dosing is 3-bag regimen with a 
different dose, dilution, and administration 
rate for each bag (see Figure 1). Because of 
this, and the fact that they are each a 
separate order sentence rather than a 
PowerPlan, there is an increased risk of 
error. An IRB-approved medication use 
evaluation (MUE) was conducted to 
evaluate medication errors surrounding the 
utilization of NAC for APAP toxicity at 

Northwest Hospital. A total of 29 patients were identified between January 2016 and December 2019. 
The most common error was delay in medication administration. It is notable that this delay decreased 
as the years progressed. For example, median time from order entry to first dose was 72 minutes in 
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Understanding and Maximizing the Medication Management  
Program at Carroll Hospital
Submitted by Salematou Traore-Uwalaka, Pharm.D., B.C.P.S., clinical pharmacist, Carroll Hospital

LIFEBRIDGE HEALTH FORMULARY REVIEW 
COMMITTEE UPDATES

Hard NAC Life: New N-acetylcysteine PowerPlans for 
Acetaminophen Toxicity and Acute Liver Failure
Ryan P. Nottingham, Pharm.D., B.C.P.S., clinical pharmacist, Critical Care, Northwest Hospital 

N-acetylcysteine (NAC) is an antidote for acetaminophen (APAP) poisoning that works by maintaining 
or restoring stores of glutathione in the liver. Glutathione is a necessary component in the inactivation 
of a hepatotoxic metabolite of APAP. It is also used for hepatic protection in acute liver failure (ALF).

Figure 1: N-acetylcysteine dosing regimen

The Joint Commission of Pharmacy Practitioners defines Medication Management Services as “a spectrum of patient-centered pharmacists [who] provide collaborative services 
that focus on medication appropriateness, effectiveness, safety and adherence with the goal of improving health outcomes.” To this end, the Medication Management Program 
(MMP) at Carroll Hospital is uniquely positioned as the service that tends to patients’ medication-related issues following their hospital stay.

This goal is accomplished with interdepartmental collaboration among the Carroll Hospital navigation, disease management, discharge coordinator and social work teams. Each 
of these groups communicates social and economic barriers to health to the medication management team in the form of a referral.

The MMP pharmacists will first complete a Targeted Medication Review, then communicate their recommendations directly to the patient’s provider. The pharmacist focuses on 
the following areas during the Targeted Medication Review: therapy optimization, deprescribing, cost assistance, disease state education and barriers to medication compliance. 
The MMP pharmacist serves as a safety net to the inpatient pharmacists by ensuring high healthcare utilizers receive followup care.

  The following are some frequently asked questions about the Medication Management Program and services it provides:

  How do I enter a Medication Management referral in PowerChart?
  Under orders>Click the + sign>Type in Medication Management Referral

  In the details section, four options are available as well as a comment field to tell the  
  pharmacist what the patient’s needs are.

  The four available options are: Affordability • Medication Education • Polypharmacy/Adherence • Other

 I have a patient that cannot afford their inhaler; how can we help?
  Place a medication management referral in PowerChart to ensure a task is generated for the medication management pharmacist. This also will provide the pharmacist  
  with information about what the patient’s needs are. Once the referral is received, the patient will be evaluated for eligibility for coupons and drug company-sponsored   
  prescription assistance programs.

 I see that patients are readmitted often in the fall because they have run out of expensive medications and cannot afford them. Does the clinic work  
 with these patients?
  Yes! These are patients who have fallen into their Medicare “donut-hole” and are expected to pay for their medication out of pocket for a time until their benefits reset at  
  the beginning of the year.  Drug companies will often assist these patients by giving them a three-month supply of medication until their benefit resets. We assist patients  
  by providing supporting documents to show their out-of-pocket expenses for the year. Additionally, we write a letter on their behalf to help maximize their chances  
  of success.

 What should we do if we receive a medication voucher request for a three-, five- or seven-day supply in the main pharmacy?
  Fill the prescription for the requested amount. Then place a medication management referral in PowerChart or email medicationmanagement@lifebridgehealth.org  
  with the patient’s information.

 Why does the Medication Management Program need to know about three-, five- or seven-day prescriptions filled for patients?
  This is one way we capture patients with access barriers (financial or social). Once we receive their information, we can ensure that a long-term plan is in place to  
  prevent them from having to return to the hospital due to lack of access.

The medication management pharmacists are committed to providing patient-centered care by empowering patients to engage in their own care. We employ a holistic approach 
that includes patients’ family members and caregivers. The inpatient pharmacists are an integral part of successfully meeting our goal of delivering exceptional patient care and 
superior outcomes. As you encounter patients, keep in mind we want to know about patients with multiple comorbidities and polypharmacy. We encourage collaboration and 
welcome the opportunity to help the organization deliver on its mission.

continued inside

Prevention of Acute and  
Delayed Chemotherapy Induced 

Nausea and Vomiting
 Submitted by Sara C. Najafi, Pharm.D., clinical pharmacist II,  

oncology, Sinai Hospital 

Chemotherapy Induced Nausea and Vomiting (CINV) is a general 
term used to describe an array of physiological changes induced 
by neurotransmitters (dopamine and serotonin) as well as direct 
organ impairment that ultimately induces emesis. 

Serotonin receptor antagonists (5-HT3 RAs) are integral 
components of combination therapy for prevention of CINV but 
require monitoring and adjustments, as they can cause prolonged 
QT intervals (dose dependent), liver impairment and induce 
serotonin syndrome. 

Currently, there are two generations of 5-HT3 RAs recommended 
for prevention of acute and delayed CINV. Acute CINV occurs from 
0 to 24 hours post-chemotherapy while delayed CINV occurs after 
25 hours and can last for up to 120 hours post-chemotherapy.  

First generation 5-HT3 RAs include ondansetron, granisetron and 
dolasetron. All are effective in the prevention of acute CINV with no 
statistically significant superiority between agents. Palonosetran 
is the only second generation of 5-HT3 RA and is effective for 
the prevention of acute and delayed CINV. Emetogenicity of 
chemotherapy regimens is multifactorial and dependent on several 
factors including the class and dose of drugs used, the combination 
of different mechanisms, previous chemotherapy exposure, type 
of malignancy, duration of treatment, administration route or rate, 
as well as the hemodynamic status of the patient. The moderately 
emetogenic chemotherapy (MEC) regimens, emesis incidence of 
>30% and highly emetogenic chemotherapy (HEC) regimens, 
emesis incidence of >90%, require prophylactic measures for 
nausea and vomiting of three to four agents.

For the prevention of acute CINV, there is no apparent difference 
in efficacy or safety within the first generation of 5-HT3 RAs when 
administered in addition to dexamethasone without a neurokinin 
one receptor antagonist (NK1 RA). For the prevention of acute 
CINV in addition to dexamethasone and NK1 RA, subcutaneous 
granisetron is superior to ondansetron (intravenous or by mouth) 
for HEC regimens. Ondansetron given by mouth is preferred over 
the intravenous formulation due to the lower incidence of QT 
prolongation. 

For the prevention of acute CINV in addition to dexamethasone 
without an NK1 RA, granisetron subcutaneous or transdermal 
is non-inferior to palonosetron. However, because of the longer 
half-life and higher affinity for the serotonin receptor subtype, 
palonosetron is preferred for both MEC and HEC. 

For the prevention of delayed CINV, in addition to dexamethasone 
and an NK1 RA, there is no evidence to support the benefit of 
first generation 5-HT3 RAs over palonosetron for MEC regimens.

For the prevention of delayed CINV, in addition to dexamethasone 
and an NK1 RA, palonosetron is statistically more effective than 
any first generation 5-HT3 RA in preventing acute and delayed 
CINV in HEC regimens.

 

 

LIFEBRIDGE HEALTH FORMULARY REVIEW 
COMMITTEE UPDATES 

ITEM FOR VOTE DECISION 

Topical Local Anesthetic 
Class Review, LBH* 
(LifeBridge Health Hospital) 

LifeBridge Health Formulary Review Committee (LFRC) 
voted in favor of adding 4% topical cocaine nasal 
solution (Numbrino®) to the formulary, reserving it for 
when a generic solution is unavailable and maintaining 
the rest of the current formulary local anesthetics on 
formulary.  

Clevidipine Monograph 
Addendum, SH/NW/CH* 
(Sinai Hospital, Northwest 
Hospital, Carroll Hospital) 

LFRC voted in favor of modifying clevidipine 
restrictions to expand it to all neurology or neurosurgery 
patients requiring urgent blood pressure lowering in the 
Emergency Department (ED) or Intermediate Care Unit 
(ICU). 

Mepivacaine SBAR, LBH* LFRC voted in favor of adding mepivacaine to the 
formulary with restrictions to use in same day total knee 
arthroplasty (TKA) or total hip arthroplasty (THA) 
surgery patients. 

Remdesivir Monograph, 
LBH* 

LFRC voted in favor of adding remdesivir to the 
formulary with the updated restriction criteria. Criteria is 
to be adjusted via the COVID-19 steering/literature 
committee as new verbiage becomes available. 

Heparin Drip MUE, LBH* LFRC voted in favor of implementing nurse-driven 
protocols for appropriate activated partial thromboplastin 
time (aPTT) monitoring at Sinai Hospital and the removal 
of age-related heparin bolus maximum doses from 
protocol from LBH. 

Heparin Drip Policy Edits, 
SH* 

LFRC voted in favor of adopting the Sinai Hospital 
Heparin Drip Policy updates. 

Opioid Restriction Policy, 
LBH* 

LFRC voted in favor of adopting the LBH Opioid 
Restriction Policy. 

Hypoglycemia Management 
(Non-Pregnant Adult 
Inpatient) Policy, SH*  

LFRC voted in favor of adopting the updated 
hypoglycemia management protocol for Sinai Hospital. 
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Heparin Infusion Utilization Evaluation at Sinai Hospital  
and Northwest Hospital

Alyssa Henshaw, Pharm.D., B.C.P.S., internal medicine clinical pharmacist, Sinai Hospital

Monique Turner, PharmD, clinical pharmacist, Northwest Hospital

Hard NAC Life: New N-acetylcysteine 
PowerPlans for Acetaminophen Toxicity and  
Acute Liver Failure (cont. from front) 
NAC dosing is three-bag regimen with a different dose, dilution, and administration 
rate for each bag (see Figure 1). Because of this, and the fact that they are each 
a separate order sentence rather than a PowerPlan, there is an increased risk of 
error. An IRB-approved medication use evaluation (MUE) was conducted to evaluate 
medication errors surrounding the utilization of NAC for APAP toxicity at Northwest 
Hospital. A total of 29 patients were identified between January 2016 and 
December 2019. The most common error was a delay in medication administration. 
It is notable that this delay decreased as the years progressed. For example, the 
median time from order entry to the first dose was 72 minutes in 2016, 67 minutes 
in 2017, 60.5 minutes in 2018 and 52 minutes in 2019. Almost 70% of NAC orders 
are started in the Emergency Department. 

New PowerPlans are prepared for NAC for both APAP toxicity and acute liver 
failure (ALF). Included in these plans are the drug orders, indications for use and 
recommended laboratory monitoring. While the primary goal with these PowerPlans 
is to reduce risk of error, there are additional goals. For example, another goal 
is to standardize the role of NAC in ALF patient care. The criteria for use in ALF 
patients includes signs and symptoms of acute liver failure, INR ≥ 1.5 and not 
on oral anticoagulation, encephalopathy and/or coagulopathy. Additionally, in the 
APAP plan, an option for a fourth bag of NAC was built. The fourth bag dose is  
150 mg/kg infused over 24 hours. This order sentence is not presently available and 
can be prone to error when providers attempt to order. 

One error that these PowerPlans will not resolve is dosing errors caused by incorrect 
patient weight. This was the most common dosing error identified in the MUE. It 
remains incumbent on the verifying pharmacist to confirm current weight with a 
nurse or the patient.

These PowerPlans do not include oral NAC. NAC is a sulfurous-smelling liquid that is 
impressively nonpalatable. Because of the acuity of these patients and the need to 
administer the entire doses without risk of loss through vomiting or patient refusal, 
intravenous (IV) formulations are recommended by the Maryland Poison Center.

These order sets are expected to go-live in June 2021. If you have a patient with 
APAP overdose, remember to call the Maryland Poison Center at 800-222-1222!

Heparin is a high-risk anticoagulation medication with the potential to cause bleeding or 
thrombotic complications if over- or under-dosed. Heparin continuous infusions may be 
utilized in the treatment of venous thromboembolism, acute coronary syndromes, acute 
ischemic stroke or for stroke prevention in patients with atrial fibrillation. LifeBridge 
Health doses heparin infusions through a nursing-driven titration protocol according 
to activated partial thromboplastin time (aPTT) levels. The protocols include a bolus 
dose, a continuous infusion and maximum dose based on patient age and weight.  
A medication utilization evaluation (MUE) was conducted at Sinai and Northwest 
hospitals to evaluate our adherence to the heparin infusion protocols and identify areas 
for improved patient safety.

The MUE included a total of 66 patients who received heparin infusions between October 
28, 2019 and January 28, 2020. The data outlined in Table 1 illustrates some of our 
clinical outcomes. Patients at Sinai Hospital were found to be in therapeutic aPTT range 
42.3% of the time, compared to 55% of the time for patients at Northwest Hospital. 
Research on heparin infusions cites a goal time to therapeutic range as <48 hours. 
At Sinai Hospital, this goal was reached in 58.3% of patients and in 66.7% of patients 
at Northwest Hospital. Despite this, 10 patients (20.8%) at Sinai and five patients at 
Northwest (27.8%) never reached goal range (defined as therapeutic aPTT for two 
consecutive levels). We also noted that aPTT levels were frequently not being drawn on 
time, with only 29.2% of patients at Sinai Hospital and 38.9% of patients at Northwest 
Hospital receiving appropriate monitoring per nomogram.  

Table 1. Heparin infusion metrics per hospital 

Patients receiving heparin infusions require close monitoring of aPTT in order to 
determine when the patient has been adequately anticoagulated to treat the acute 
condition without an unacceptable risk of bleeding. The policies for heparin infusions 
define required aPTT monitoring frequencies as once at baseline, then every six hours 
until aPTTs are in therapeutic range for two consecutive levels, then once daily. Delays 
in monitoring can lead to adverse outcomes if the patient is subtherapeutic, or it may 
cause bleeding if supratherapeutic. 

Table 2: Therapeutic metrics per monitoring frequency

To determine the effect of non-optimal monitoring, two groups of patients were 
compared. The first group received nearly 100% appropriate aPTT monitoring per 
protocol (n=14) and the second group included patients who had aPTTs drawn when 
indicated <80% of the time (n=16). It was found that patients with closer monitoring 
spent more time in therapeutic range (50% of the time vs. 41.5%) and less time in 
critically high ranges (0% vs. 3.02%). Finally, patients with suboptimal monitoring had 
more incidences of bleeding compared to those with optimal monitoring (two events 
vs. zero events).  

In the upcoming months, we will be rolling out changes to the heparin continuous 
infusion process as a result of this MUE and other medication safety events. These 
changes include eliminating the age-based dosing maximum (weight-based infusions 
only), the addition of order comments to clarify when to give PRN heparin bolus doses, 
and the implementation of a nursing-driven aPTT monitoring protocol as a component 
of the heparin policy and PowerPlans (Sinai Hospital only as this is already implemented 
at other institutions). The intention is that eliminating the need to contact providers 
to change aPTT order frequencies combined with re-training will reduce delays in 
appropriate monitoring and improve our overall patient outcomes. Please be on the 
lookout for more information and training regarding these changes to the heparin 
infusion policy. 

Alyssa Henshaw, Pharm.D., BCPS, Internal Medicine Clinical Pharmacist, Sinai Hospital 

Monique Turner, PharmD, Clinical Pharmacist, Northwest Hospital 

 

Heparin is a high-risk anticoagulation medication with the potential to cause bleeding or thrombotic 
complications if over or under-dosed. Heparin continuous infusions may be utilized in the treatment of 
venous thromboembolism, acute coronary syndromes, acute ischemic stroke, or for stroke prevention in 
patients with atrial fibrillation. LifeBridge Health doses heparin infusions through a nursing-driven 
titration protocol according to aPTT (activated partial thromboplastin time) levels. The protocols include a 
bolus dose, a continuous infusion, and maximum dose based on patient age and weight. A medication 
utilization evaluation (MUE) was conducted at Sinai Hospital and Northwest Hospital to evaluate our 
adherence to the heparin infusion protocols and identify areas for improved patient safety. 

 

The MUE included a total of sixty-six patients who received heparin infusions between October 28, 2019 
and January 28, 2020. The data outlined in table 1 illustrates some of our clinical outcomes. Patients at 
Sinai Hospital were found to be in therapeutic aPTT range 42.3% of the time, compared to 55% of the 
time for patients at Northwest Hospital. Literature for heparin infusions cites a goal time to therapeutic 
range as <48 hours. At Sinai Hospital, this goal was reached in 58.3% of patients and in 66.7% of patients 
at Northwest Hospital. Despite this, 10 patients (20.8%) at Sinai and 5 patients at Northwest (27.8%) 
never reached goal range (defined as therapeutic aPTT for two consecutive levels). We also noted that 
aPTT levels were frequently not being drawn on time, with only 29.2% of patients at Sinai Hospital and 
38.9% of patients at Northwest Hospital receiving appropriate monitoring per nomogram.   

 

Table 1. Heparin infusion metrics per hospital  

 SHB (n=48) NWH (n=18) 
Baseline aPTT  28.5 (26.8, 32.6) 30.3 (27.5, 35.8) 
No baseline aPTT 3 (6.3%) 2 (11.1%) 
Appropriate Bolus Dose, n(%) 14 (n=20, 70%) 13 (n=16, 87.5%) 

Not appropriately capped 2 (10%) 1 (6.25%) 
Inappropriate maximum dose per age 3 (15%) 2 (12.5%) 

No bolus 28 (58.3%) 2 (11.1%) 
Appropriate Basal Rate (initial), n(%) 44 (91.7%) 15 (83.3%) 

Not appropriately capped 4 (8.3%) 2 (11.1%) 
% aPTT ranges  

Subtherapeutic, median % (IQR) 17.45% (0, 34.6) 11.3% (0, 32.48) 
Therapeutic, median % (IQR) 42.3% (33.3, 55.98) 55% (43.7, 74.1) 

Supratherapeutic, median % (IQR) 33.3% (19.85, 50) 22.5% (0, 45.82) 
Critical High, median % (IQR) 1.4% (0, 16.8) 0% (0, 23.8) 

Time to goal, median hours (IQR) 29 (24-36) 7 (6-17) 
Goal reached <48hours, n(%) 28 (58.3%) 12 (66.7%) 
Goal not reached, n (%) 10 (20.8%) 5 (27.8%) 
Time to first therapeutic range, median 
hours (IQR) 

24 (14, 30) 12 (6.75, 19.25) 

Therapeutic range not reached, n(%) 3 (6.25%) 2 (11.1%) 
aPTT monitoring per nomogram, n(%) 14 (29.2%) 7 (38.9%) 
Rate changes per nomogram, n(%) 29 (60.4%) 12 (66.7%) 
Confirmed bleeding, n(%) 4 (8.3%) 1 (5.6%) 
Therapy paused for s/s bleeding, n(%) 4 (8.3%) 2 (11.1%) 

 

Patients receiving heparin infusions require close monitoring of aPTT in order to determine when the 
patient has been adequately anticoagulated to treat the acute condition without unacceptable risk of 
bleeding. The policies for heparin infusions define required aPTT monitoring frequencies as once at 
baseline, then every 6 hours until aPTTs are in therapeutic range for two consecutive levels, then once 
daily. Delays in monitoring can lead to adverse outcomes if the patient is subtherapeutic or may cause 
bleeding if supratherapeutic.  

 

Table 2: Therapeutic metrics per monitoring frequency 

  
Appropriate aPTT 
Monitoring (n=14) 

<80% appropriate 
aPTT Monitoring 
(n=16) 

Baseline aPTT (median, IQR) 26.4 (25.3-28.7) 29.3 (28.03-32.1) 

No baseline aPTT 0 2 

First aPTT (median, IQR) 
72.35 (41.65-

88.675) 82.15 (38.8-92.9) 

Second aPTT (median, IQR) 60.7 (43.45-74.1) 74.8 (45.95-99.3) 

% Time in aPTT Range  
 

Subtherapeutic (median, IQR) 17.45 (4.18-37.2) 18.95 (6.83-31.45) 

Therapeutic (median, IQR) 50 (31.08-62.7) 41.5 (34.58-53.4) 

Critical High (median, IQR) 0 (0-0) 3.02 (0-11.68) 

Time to first aPTT in therapeutic range, 
median hours (IQR) 25 (12, 29) 24 (17.3, 28.8) 

Time to Goal (hours; median, IQR) 26 (24-32.5) 24.5 (24-31) 

Goal not reached (n, %) 3 (21.4%) 2 (12.5%) 

# Patients with 1st aPTT >100 (n, %) 2 (14.3%) 4 (25%) 

S/S bleeding 0 (0%) 2 (12.5%) 

Time to first therapeutic range, median 
hours (IQR) 

24 (14, 30) 12 (6.75, 19.25) 

Therapeutic range not reached, n(%) 3 (6.25%) 2 (11.1%) 
aPTT monitoring per nomogram, n(%) 14 (29.2%) 7 (38.9%) 
Rate changes per nomogram, n(%) 29 (60.4%) 12 (66.7%) 
Confirmed bleeding, n(%) 4 (8.3%) 1 (5.6%) 
Therapy paused for s/s bleeding, n(%) 4 (8.3%) 2 (11.1%) 

 

Patients receiving heparin infusions require close monitoring of aPTT in order to determine when the 
patient has been adequately anticoagulated to treat the acute condition without unacceptable risk of 
bleeding. The policies for heparin infusions define required aPTT monitoring frequencies as once at 
baseline, then every 6 hours until aPTTs are in therapeutic range for two consecutive levels, then once 
daily. Delays in monitoring can lead to adverse outcomes if the patient is subtherapeutic or may cause 
bleeding if supratherapeutic.  

 

Table 2: Therapeutic metrics per monitoring frequency 

  
Appropriate aPTT 
Monitoring (n=14) 

<80% appropriate 
aPTT Monitoring 
(n=16) 

Baseline aPTT (median, IQR) 26.4 (25.3-28.7) 29.3 (28.03-32.1) 

No baseline aPTT 0 2 

First aPTT (median, IQR) 
72.35 (41.65-

88.675) 82.15 (38.8-92.9) 

Second aPTT (median, IQR) 60.7 (43.45-74.1) 74.8 (45.95-99.3) 

% Time in aPTT Range  
 

Subtherapeutic (median, IQR) 17.45 (4.18-37.2) 18.95 (6.83-31.45) 

Therapeutic (median, IQR) 50 (31.08-62.7) 41.5 (34.58-53.4) 

Critical High (median, IQR) 0 (0-0) 3.02 (0-11.68) 

Time to first aPTT in therapeutic range, 
median hours (IQR) 25 (12, 29) 24 (17.3, 28.8) 

Time to Goal (hours; median, IQR) 26 (24-32.5) 24.5 (24-31) 

Goal not reached (n, %) 3 (21.4%) 2 (12.5%) 

# Patients with 1st aPTT >100 (n, %) 2 (14.3%) 4 (25%) 

S/S bleeding 0 (0%) 2 (12.5%) 

Therapy paused for suspicion of bleeding 0 (0%) 1 (6.25%) 

 

To determine the effect of non-optimal monitoring, two groups of patients were compared. The first 
group received nearly 100% appropriate aPTT monitoring per protocol (n=14) and the second group was 
patients who had aPTTs drawn when indicated <80% of the time (n=16). It was found that patients with 
closer monitoring spent more time in therapeutic range (50% of the time vs 41.5%) and less time in 
critically high ranges (0% vs 3.02%). Finally, patients with suboptimal monitoring had more incidences of 
bleeding compared to those with optimal monitoring (2 events vs. 0 events).   

 

In the upcoming months, we will be rolling out changes to the heparin continuous infusion process as a 
result of this MUE and other medication safety events. These changes include eliminating the age-based 
dosing maximum (weight-based infusions only), the addition of order comments to clarify when to give 
PRN heparin bolus doses, and the implementation of a nursing-driven aPTT monitoring protocol as a 
component of the heparin policy and PowerPlans (Sinai Hospital only as this is already implemented at 
other institutions). The intention is that by eliminating the need to contact providers to change aPTT 
order frequencies combined with re-training will reduce delays in appropriate monitoring and improve 
our overall patient outcomes. Please be on the lookout for more information and training regarding these 
changes to the heparin infusion policy.  

 

Hard NAC Life: New N-acetylcysteine PowerPlans for Acetaminophen Toxicity and Acute Liver 
Failure 

Ryan P. Nottingham, Pharm.D., BCPS, Clinical Pharmacist - Critical Care, Northwest Hospital 

N-acetylcysteine (NAC) is an antidote for acetaminophen (APAP) poisoning that works by maintaining or 
restoring stores of glutathione in the liver. Glutathione is a necessary component in the inactivation of a 
hepatotoxic metabolite of APAP. It is also used for hepatic protection in acute liver failure (ALF). 

Figure 1: N-acetylcysteine dosing regimen 

NAC dosing is 3-bag regimen with a 
different dose, dilution, and administration 
rate for each bag (see Figure 1). Because of 
this, and the fact that they are each a 
separate order sentence rather than a 
PowerPlan, there is an increased risk of 
error. An IRB-approved medication use 
evaluation (MUE) was conducted to 
evaluate medication errors surrounding the 
utilization of NAC for APAP toxicity at 

Northwest Hospital. A total of 29 patients were identified between January 2016 and December 2019. 
The most common error was delay in medication administration. It is notable that this delay decreased 
as the years progressed. For example, median time from order entry to first dose was 72 minutes in 

Crizanlizumab-tmca (Adakveo®) 
Approved for Treatment of  
Vaso-occlusive Crisis in  
Sickle Cell Disease
Submitted by Jelilat Onijala, Pharm.D., clinical pharmacist, oncology, Sinai Hospital

Vaso-occlusive crisis (VOC) is the most prevalent reason for hospitalization in 
children with sickle cell disease (SCD). Complications of VOC include lengthy 
hospitalization, acute chest syndrome, multi-system organ failure and mortality. 
In people with SCD, sickle-shaped red blood cells can damage blood vessels and 
block blood flow throughout the vessels of the body. This blockage, known as vaso-
occlusion, can prevent organs and tissues from getting needed oxygen and cause 
VOC. The pain associated with VOC generally involves the back, legs, knees, arms, 
chest and abdomen, and typically affects two or more sites. Bone pain tends to be 
bilateral and symmetric. Recurrent crises in an individual patient usually have the 
same distribution. VOCs are typically triggered by hypoxia, cold weather, infection, 
acidosis, dehydration, alcohol, stress and pregnancy.

Patients need to be aware of the factors that can precipitate VOC. Patients are 
particularly susceptible to dehydration because of a reduced ability to conserve 
water secondary to a defect in renal concentrating ability. They should be counseled 
to wear warm clothes in cold weather drink adequate amounts of fluids in hot 
weather, and avoid exercising to the point of fatigue and dehydration.

Crizanlizumab-tmca is a targeted monoclonal antibody that binds to P-selectin on 
the surface of activated endothelial cells and platelets. The binding of crizanlizumab-
tmca to P-selectin blocks interactions among endothelial cells, platelets, red blood 
cells and white blood cells. It is the first and only FDA-approved once-monthly 
treatment to reduce the frequency of VOC in SCD. Crizanlizumab-tmca 5 mg/kg 
is administered by intravenous infusion over 30 minutes at weeks 0 and 2, then  
5 mg/kg every 4 weeks thereafter.

The efficacy of crizanlizumab-tmca was evaluated based on the annual rate of VOCs 
in patients aged 16 to 63 years of age with SCD in a pivotal phase 2, 52-week, 
randomized, multicenter, placebo-controlled, double-blind study (known as the 
SUSTAIN study). This trial included 198 patients evaluated at 60 study centers, the 
majority of which were in the United States (51 centers with 151 study patients). 
Patients on high-dose crizanlizumab-tmca experienced a 52% reduction in VOCs 
versus placebo. The most frequently reported adverse reactions (≥10%) in patients 
treated with crizanlizumab-tmca were nausea (18%), arthralgia (18%), back pain 
(15%), and pyrexia (11%).

In conclusion, crizanlizumab-tmca was added to the LifeBridge formulary in May 
2020. It is restricted to outpatient infusion use for patients ≥ 16 years of age who 
have had 3 or more SCDrelated ER visits or inpatient admissions in the last 12 
months. To date, three patients have received this novel therapy at LBH.
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What’s Trending in the Antibiogram Updates?  
Rising Resistance at Sinai Hospital! 
Submitted by Andrew Wang, Pharm.D., B.C.P.S., B.C.I.D.P., clinical pharmacy specialist, infectious diseases/antimicrobial stewardship, Sinai Hospital 

 

 
 
Every year, the Antimicrobial Stewardship Pharmacy Team puts together an antibiogram based upon the 
previous year’s data. This information is extremely helpful in understanding the local susceptibility and 
resistant patterns to allow our providers to prescribe the “best” empiric antibiotic against these 
organisms. These antibiograms are based upon the Clinical and Laboratory Standards Institute, which is 
a globally recognized not-for-profit standards development organization. It is based upon their 
standards that we are able to determine the sensitivity and resistance of our antibiotics against bacterial 
organisms.  
 
Below shows the trend of MRSA and extended-spectrum beta-lactamases (ESBLs) within the last 3 years 
as well as the trend of certain key antibiotics, separated by ICU vs. non-ICU isolates. 
 
 
 

Every year, the antimicrobial stewardship pharmacy team puts together an antibiogram based upon the previous year’s data. This information is extremely helpful in 
understanding the local susceptibility and resistant patterns to allow our providers to prescribe the “best” empiric antibiotic against these organisms. These antibiograms are 
based upon the Clinical and Laboratory Standards Institute, which is a globally recognized not-for-profit standards development organization. It is based upon their standards 
that we are able to determine the sensitivity and resistance of our antibiotics against bacterial organisms. 

SUCCESSES: Meropenem susceptibilities against Pseudomonas aeruginosa appear to be trending in the right direction with credit mainly due to our current restrictions, 
clinical pharmacists and our providers. This combined effort appears to be decreasing the selective pressure against carbapenems, allowing future use. 

CHALLENGES: ESBLs are trending in the wrong direction. This subset of beta-lactamases is problematic as common broad-spectrum beta-lactams such as piperacillin/
tazobactam, ceftriaxone and cefepime. The surprising statistic was the significant increase in ESBL Klebsiella pneumoniae isolates, which increased from 15% to 26%. 
ESBL Escherichia coli, while not significantly increasing, continued to increase steadily from 17% to 19%. As a result, we are seeing more pseudomonal resistance against 
piperacillin/tazobactam. The largest concern is ceftriaxone resistance against typical gram-negative rods, which reflects the increase of resistant organisms with ESBL 
production.

TAKE AWAY: Resistance is on the rise. This is due to a combination of community transmission as well as increased used of broad-spectrum antibiotics at Sinai Hospital. 
If resistance continues to increase, ceftriaxone may not be a viable empiric option, leading to further broad-spectrum antibiotic use and subsequently further resistance. 
Antimicrobial stewardship has shown to decrease resistance by decreasing the selective pressure of resistant organisms. There are many great tools to assist with antibiotic 
selection, including the antibiogram and the empiric antibiotic guide. 

 

 
 
The Good: The good news is that meropenem susceptibilities against Pseudomonas aeruginosa appear 
to be trending in the right direction with credit mainly due to our current restrictions, clinical 
pharmacists and our providers. This combined effort appears to be decreasing the selective pressure 
against carbapenems, allowing future use.  
 
The Bad: Unfortunately, ESBLs are trending in the wrong direction. This subset of beta-lactamases is 
problematic as common broad-spectrum beta-lactams such as piperacillin/tazobactam, ceftriaxone and 
cefepime. The surprising statistic was the significant increase in ESBL Klebsiella pneumoniae isolates, 
which increased from 15% to 26%. ESBL Escherichia coli, while not significantly increasing, continued to 
increase steadily from 17% to 19%. As a result, we are seeing more pseudomonal resistance against 
piperacillin/tazobactam. The largest concern is ceftriaxone resistance against typical gram-negative rods, 
which reflects the increase of resistant organisms with ESBL production. 
 
Take Away: Resistance is on the rise. This is due to a combination of community transmission as well as 
increased used of broad-spectrum antibiotics at Sinai. If resistance continues to increase, ceftriaxone 
may not be a viable empiric option, leading to further broad-spectrum antibiotic use and subsequently 
further resistance. Antimicrobial stewardship has shown to decrease resistance by decreasing the 
selective pressure of resistant organisms. There are many great tools to assist with antibiotic selection, 
including the antibiogram and the empiric antibiotic guide.  
 

Heparin Infusion Utilization Evaluation at Sinai Hospital and Northwest Hospital 

What’s Trending in the Antibiogram Updates?  
Rising Resistance at Sinai Hospital! (cont.)
The chart below shows the trend of methicillin-resistant staphylococcus aureus (MRSA) and extended-spectrum beta-lactamases (ESBLs) within the last three years, as well 
as the trend of certain key antibiotics, separated by intensive care unit (ICU) vs. non-ICU isolates.

continued on next page

 

 
 
Every year, the Antimicrobial Stewardship Pharmacy Team puts together an antibiogram based upon the 
previous year’s data. This information is extremely helpful in understanding the local susceptibility and 
resistant patterns to allow our providers to prescribe the “best” empiric antibiotic against these 
organisms. These antibiograms are based upon the Clinical and Laboratory Standards Institute, which is 
a globally recognized not-for-profit standards development organization. It is based upon their 
standards that we are able to determine the sensitivity and resistance of our antibiotics against bacterial 
organisms.  
 
Below shows the trend of MRSA and extended-spectrum beta-lactamases (ESBLs) within the last 3 years 
as well as the trend of certain key antibiotics, separated by ICU vs. non-ICU isolates. 
 
 
 


