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President’s Letter

It was good to see so many mem-
bers at be a stellar convention with 
something for everyone.  Attend-
ees received the annual report, 
which included reports from the 
President, Chairman of the Board, 

Ron Mannino and professional affairs project summaries.  
They had the opportunity to attend the annual meeting on 
Friday evening and hear reports from Treasurer, John Co-
laizzi and CEO, Elise Barry, as well as committee chairs. Six 
pharmacy school chapters were represented in our annual 
student competition. It was a pleasure to welcome home 
NJPhA student members attending schools in adjoining 
states. Many thanks to the convention committee and our 
amazing staff for planning the meeting.

It has been quite a busy year at NJPhA, with thirteen mem-
ber-driven committees, focus group activities and the culmi-
nation of three professional affairs task force projects. We 
successfully introduced policy in the APhA House of Del-
egates and submitted comment to the FDA on task force 
findings. Our members published the peer reviewed New 
Jersey Journal of Pharmacy and held more than 40 pro-
grams. Local NJPhA student members at Rutgers-EMSOP 

and FDU visited the state house several times and partici-
pated in the process of advancing bill S724 / S754, which 
will allow trained pharmacy student interns and externs in 
NJ the right to administer vaccinations with supervision of 
their preceptors. Our government affairs committee remains 
active in overseeing our response to healthcare initiatives 
and will make use of the newly approved, evidence based 
association policy on medicinal cannabis, which was initi-
ated by our professional affairs task force on the subject.

As an association, NJPhA draws its strength from the di-
versity of career paths enjoyed by our members. We all 
benefit from the wealth of experience which can be brought 
together at our meetings, in our professional advancement 
initiatives, and in our patient advocacy projects.

I want to express my thanks for the opportunity to serve as 
president of NJPhA and wish in-coming President, James 
Ward, a successful and fulfilling year.

Professionally yours,
Carmela Silvestri 
NJPhA President 2018

From The Editors' Desks...

Dear Friends, 

I would like to take this time to let everyone know that 
this is my last year as Editor of The New Jersey Journal 
of Pharmacy. I have thoroughly enjoyed every minute of 
interacting with so many of you, and learned so much from 
all of you. I wanted to thank the many authors, reviewers, 
committee members and board members who have 
provided their time to make the journal successful.

I started with the journal as a reviewer, moved to providing 
input as a committee member, and was then asked to 
become Editor. I appreciate all of the support that all 
of you have provided throughout the years with special 
thanks to Maria Leibfried. There are many of you who have 
been absolute and steadfast supporters and for that I am 
immensely grateful.

While it is my hope to contribute to the journal by different 
means in the future, at this time I have been provided 
opportunities that I’d like to pursue. I know that the journal 
is in great hands with the new editorial board beginning in 
2019. Please continue to be as supportive for the new team 
and look forward to many initiatives that we have begun and 
hope to bring to fruition in the coming years.

Yours sincerely,

Marcella R. Brown, BSPharm, MS, MPH, BLSC,PharmD, 
BCGP, BCACP
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Upcoming Journal Deadlines

 Winter 2019 December 21st, 2019 

 Spring 2019 March 19th, 2019

 Summer 2019 Jun 18th, 2019

 Fall 2019 September 12th, 2019

 Winter 2020 December 19th, 2018

Message from the Chair of the Board of Trustees

As per the NJPhA constitution, I, as the 2016/17 NJPhA im-
mediate Past President, assumed the responsibility of Chair 
of the Board of Trustees for 2018. The Chair of the BOT is 
the last rung on the “officers’ ladder” for the Association. 
(Vice President, President-elect, President, Chair of BOT).  
As such, this will be my last journal entry as BOT Chair.

Thinking back to how I got to this point, I have always been 
involved in the association on both the county (regional) and 
state level, serving on various committees or as an regional 
officer.  But to dive into the pool and run for the NJPhA 2nd 
Vice President position in 2014, was and was not an easy 
decision. I knew it would be a 4 year commitment with set 
responsibilities, plus I had personal goals for the associa-
tion that I hoped to accomplish.  In certain ways, I wish I had 
stepped-up sooner but, as we all know, other priorities in life 
can prevent that from happening.   

Still not sure if 2014 was the “right” time, I spoke with some-
one who I admire very much about my hesitation.  Essen-
tially he said, there is no “right time,” so step-up and do it 
now! Furthermore, for those of you who know my family, it 
was a calling and may have even been a divine intervention 
that screamed out to me….go for it!

At that point it was easy to make the commitment.  Through-
out these past 4 years I have implored our pharmacy stu-
dents, the future of our profession, to be involved.  Join your 
school’s NJPhA student chapter, or an NJPhA committee, 
attend a TONICRx social event, get in front of your legisla-
tive representative and speak out with a unified voice for 
your profession.  

The NJPhA represents pharmacists from all practice set-
tings, so be assured your individual interest and needs’ will 
be heard and action taken. Lastly, be committed sooner 
rather than later. It is time well spent. If you are a student 
or are now in practice and you wish to become more ac-
tive within your State Association, let us know.  It’s a com-
mitment that will be professionally rewarding and, frankly, 
should you “Step-up” as I did, those 4 years will quickly 
pass for you as it did for me. 

Professionally yours,
Ronald J. Mannino, RPh. 
2018 NJPhA BOT Chairman 
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Pharmacological Management of Diuretic Resistance in Acute 
Decompensated Heart Failure

Hamza ElHaouati, PharmD, RPh; Nicole L. Ryba, PharmD, BCPP, BCGP;
Jessica Hill, PharmD, BCPS, BCACP; Jesse B. Sullivan, PharmD, BCPS, BCCCP;

Joseph Cavanaugh, PharmD, BCPS, BCCCP

I.  Background
Acute decompensated heart failure (ADHF) is a medical 
emergency primarily caused by a decrease in the heart’s 
ability to efficiently circulate blood throughout the body.1 
Diuretics represent an essential component of the man-
agement of ADHF due to their ability to resolve symptoms 
of fluid overload and congestion. However, the prolonged 
use of these medications is associated with diuretic resis-
tance, a dynamic process characterized by physiological 
adaptations negatively impacting diuretic effectiveness in 
ADHF.2,3 These changes create a congested physiological 
state with a negative influence on quality of life and prog-
nosis.4,5 Suggested mechanisms in overcoming diuretic 
resistance include increasing the diuretic dose, changing 
the dosage form of the diuretic, sequentially blocking the 
nephron, and adding low-dose dopamine, recombinant 
human B-type natriuretic peptide, or a vasopressin recep-
tor antagonist. 1,2,6

II.  Management strategies
A. Loop diuretics modes of administration
Loop diuretics in ADHF are recommended to be adminis-
tered intravenously to ensure immediate action and over-
come delays in absorption. Loop diuretics can be given 
as continuous infusion or intermittent doses. Theoretically, 
continuous infusion is favored due to its ability to eliminate 
post-diuretic sodium retention.6 The superiority of continu-
ous infusion over intermittent dosing in hospitalized ADHF 
patients with diuretic resistance was reported in several 
studies.6–8 Dormans et al. compared the two dosing strate-
gies in patients with severe heart failure (New York Heart 
Association class III or IV) and long-term use of oral furo-
semide (>250 mg/day).7 In this trial, subjects received furo-
semide 80 mg orally for two consecutive days before being 
randomized to continuous infusion or bolus furosemide. The 
investigators demonstrated higher diuresis (urine output in 
24 hours) in the continuous infusion group  (continuous infu-
sion, 2,860 +/- 240 ml versus bolus, 2,260 +/- 150 ml) and 
higher electrolyte wasting than an equal dose administered 
as a bolus.7 Other small studies have demonstrated the 
superiority of continuous infusion with regards to length of 
hospitalization.6,8,9

A trial by Thompson et al. demonstrated similar superior-
ity results where 56 patients were randomized and total 
urine output (ml) in 24 hours was significantly greater in the 
continuous infusion group with 3,726ml+1,121ml versus 
2,955ml+1,267ml in the bolus group. Although weight loss 
was similar between the two groups, length of hospitaliza-
tion was shortened in the continuous infusion group com-
pared to the intermittent bolus group (6.9+3.7 days versus 

10.9+8.3 days). These differences favoring continuous infu-
sion were in the absence of significant differences in serum 
creatinine and electrolyte wasting.9

The Diuretics Optimization Strategies Evaluation (DOSE) 
trial attempted to objectively differentiate between the vari-
ous dosing strategies and provide clear recommendations. 
The DOSE trial randomized patients in a 1:1:1:1 ratio, to 
either low-dose strategy or a high-dose strategy and to ad-
ministration either by IV bolus every 12 hours or by con-
tinuous infusion. Low-dose furosemide was defined as the 
total intravenous furosemide dose equal to the total daily 
oral diuretic dose in furosemide equivalents and high-dose 
furosemide was defined as 2.5 times total oral loop diuretic 
dose (median 773 mg). The patient-reported global assess-
ment of symptoms was similar between the continuous infu-
sion group and the bolus group. The two modes of admin-
istration were also similar with regards to worsening renal 
function. Patients assigned to receive intermittent doses of 
furosemide however were more likely to require a dose in-
crease after 48 hours than were patients assigned to receive 
continuous infusion (21% versus 11%; respectively). Results 
from the comparison of high-dose furosemide compared to 
low-dose furosemide also showed no difference with re-
spect to resolution of patient-reported dyspnea or worsen-
ing renal function, however, more patients in the high-dose 
furosemide group were more likely to change to oral diuret-
ics at 48 hours (31% vs. 17%). Additionally, patients in the 
low-dose group were more likely to require a 50% increase 
in the dose at 48 hours than were those in the high-dose 
group (24% vs. 9%; respectively). Although the high-dose 
strategy resulted in greater net fluid loss, weight loss, and 
relief from dyspnea, a higher proportion of these patients 
met the secondary safety endpoint of short-term worsening 
of renal function (23% vs. 14%; respectively). These findings 
suggest that increasing the dose of loop diuretics should be 
the initial step in managing hospitalized ADHF patients with 
clinical signs of diuretic resistance.10

B. Addition of hypertonic saline
The use of hypertonic saline solutions (HSS) in addition to 
high-dose furosemide has been hypothesized to stimulate 
sodium excretion more efficiently than the use of furose-
mide alone. Hypertonic saline exerts an osmotic action pull-
ing free water from the interstitial fluid into the vasculature 
increasing coronary and renal blood flow. Hypertonic saline 
also increases sodium delivery to the loop of Henle, restor-
ing the effects of loop diuretics.11

This practice has been previously explored and findings 
assessed in a meta-analysis comparing 1,032 patients  
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treated with HSS and adjuvant furosemide to 1,032 
patients treated with furosemide alone. Gandhi et al. found 
that patients treated with HSS had a decreased all-cause 
mortality [RR 0.56 (95% CI 0.41-0.76]. They also found a 
reduction in heart failure hospital readmission [RR 0.50 
(95% CI 0.33-0.76)], decreased hospital length of stay of 
−3.13 days (95% CI −4.23 to −2.03), greater weight loss 
−9.78 kg (95% CI −10.57 to −8.99), and preservation of 
renal function (-0.20mg/dl versus +0.30mg/dl). The addi-
tion of HSS to furosemide demonstrated a cost-effective  
strategy with both short-term and long-term positive 
effects.11–13

C. Combination diuretic therapy
Sequential nephron blockade refers to the simultaneous 
blockade of multiple sodium reabsorption sites. The main 
reabsorption sites are the proximal convoluted tubule (in-
hibited by carbonic anhydrase inhibitors), the distal convo-
luted tubule (inhibited by thiazides and thiazide-like diuret-
ics), and the collecting duct (inhibited by potassium sparing 
diuretics).14,15 

The majority of clinical experience with sequential nephron 
blockade in heart failure comes from the addition of thiazide 
and thiazide-like diuretics.14 When used appropriately, the 
addition of these agents has demonstrated efficacy without 
major safety concerns. Utilization of metolazone is advanta-
geous due to its ability to increase diuretic response despite 
decreased kidney function.16 Grosskopf et al. conducted a 
trial of 10 patients who received either furosemide or meto-
lazone followed by a combination of both agents.17 The trial 
demonstrated a significant improvement when the agents 
were combined with regards to urinary output and weight 
loss.17 Ng et al. also assessed the addition of metolazone 
in a trial where 242 patients were randomized to receive a 
continuous infusion of furosemide or a combination metola-
zone and furosemide. The results of this trial demonstrated 
superiority in favor of the combination strategy where a 
statistically significant increase in mean hourly urine out-
put was established (109 ± 171 mL versus 48 ± 103 mL).18 
The suggested dose of metolazone in heart failure is 2.5mg 
once daily with titrations to a maximum daily dose of 20mg. 
Previous trials that assessed the addition of metolazone 
determined that doses <5mg achieved efficacy without in-
creasing the risk for adverse effects.1,15,18,19 When used ap-
propriately and cautiously, sequential nephron blockade 
with loop diuretics and low-dose thiazide diuretics or meto-
lazone significantly improves diuresis in ADHF without ma-
jor safety concerns.

D. Alternative therapies
1. Addition of intravenous dopamine

Dopamine exhibits a dose-dependent mecha-
nism of action and could potentially improve di-
uresis without worsening renal function or elec-
trolyte wasting.21 Lower doses (<5 mcg/kg/min) 
stimulate dopaminergic receptors producing re-
nal vasodilation. Doses between 5-10 mcg/kg/
minute are both dopaminergic and B1-adrenergic 

producing renal vasodilation and cardiac stimula-
tion. Large doses >10 mcg/kg/min stimulate al-
pha adrenergic receptors causing peripheral va-
soconstriction.

Although intravenous low-dose dopamine has been 
shown to induce diuresis, it does have significant ad-
verse effects including tachycardia, increased myo-
cardial oxygen demand, and arrhythmias.21 Two ran-
domized, double-blind, placebo-controlled trials as-
sessed the effect of dopamine on urine volume and 
dyspnea scores. The investigators failed to identify 
significant differences between the dopamine group 
and placebo.22,23

Triposkiadis et al. evaluated the effects of this strategy 
on mortality and re-hospitalizations. Eligible patients re-
ceived a 40mg IV furosemide bolus then randomized to 
receive a) 20 mg/h furosemide as a continuous infusion 
(n=50), b) continuous infusion of 5 mg/h furosemide 
plus 5 μg/kg/min dopamine (n=56), or c) continuous in-
fusion of 5 mg/h furosemide (n=55). In the 161 patients 
analyzed, all-cause mortality at day 60 and at one year 
was similar. Length of stay and re-hospitalization rates 
were also similar between the groups at day 60 and at 
one year.24

2. Addition of recombinant human B-type 
 natriuretic peptide to furosemide

Nesiritide, a recombinant human B-type natriuretic 
peptide, has been suggested as an add-on ther-
apy for diuretic resistance. Diuretic administration 
causes neuro-hormonal activation which can occur 
as a consequence to the effects on the renin-an-
giotensin-aldosterone system (RAAS).22,25 Activa-
tion of RAAS has been linked to diminished diuretic 
response in ADHF.22,25 

These features of nesiritide were explored in the 
ROSE trial where participants were randomized to 
receive either low dose nesiritide (0.005 μg/kg/min 
for 72 hours) or placebo in addition to intravenous 
loop diuretic treatment with a recommended total 
daily dose equal to 2.5 times the total daily oral out-
patient furosemide (or equivalent) dose. The ROSE 
trial found no significant differences between low-
dose nesiritide and placebo in the 72-hour cumu-
lative urine volume (8,574ml vs. 8,296ml; respec-
tively). Low-dose nesiritide failed to enhance de-
congestion or improve renal function when added 
to diuretic therapy. Mortality and re-hospitalization 
between the nesiritide group and the placebo group 
were also similar.22

3. Addition of vasopressin receptor antagonists
Vasopressin-2 receptor antagonists (VRA) promote 
the excretion of free water leading to an increase in 
net fluid loss and urine output. Promotion of aqua-
resis by tolvaptan promotes the excretion of free 
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water (without loss of serum electrolytes) resulting 
in a net fluid loss, and increased urine output.26

In the setting of ADHF, tolvaptan has been consid-
ered for its potential benefits related to congestion 
and symptom relief. This theory has been evaluated 
in various randomized, double-blind, placebo-con-
trolled trials.27 Tolvaptan (30mg once daily) improved 
dyspnea, weight loss, and edema in hospitalized 
patients with heart failure with a reduced ejection 
fraction (ejection fraction <40%).27 However, there is 
an  absence of positive long-term clinical outcomes 
such as hospital length of the stay and the rate of 
worsening heart failure.

 
III.  Discussion
Loop diuretics continue to be mainstay for the management 
of congestion and fluid overload in decompensated heart 
failure. Due to the negative changes in the dose-response 
curve of diuretics, higher doses are required to achieve 
adequate volume loss as seen in the DOSE trial. Patients 
who received high-dose diuretics (2.5 times oral dose) were 
more likely to experience symptomatic improvement with 
the absence of long-term side effects. 

Loop diuretics in the setting of ADHF should be adminis-
tered intravenously to avoid any delays in absorption.7–10 
Intravenous loop diuretics can be administered intermit-
tently or as a continuous infusion. Multiple small studies 

have suggested that continuous infusion of furosemide is 
superior to intermittent dosing in both safety and efficacy.7–9 
The trials suggesting this superiority were small studies and 
used unconventionally high doses of furosemide (>250mg/
day) limiting the possibility to generalize these findings to 
all populations. Considering the available literature, the two 
dosing strategies are considered equally effective in resolv-
ing congestive symptoms with no long-term differences in 
the side effects profile. If adequate diuresis is not achieved 
with intermittent dosing, continuous infusions can subse-
quently be considered. 

Sequential nephron blockade is a strategy frequently used 
to complement the action of loop diuretics. This strategy has 
been proven to enhance volume removal with a slight add-
ed risk of electrolyte disturbances. Studies that compared 
various thiazide diuretics found that the different agents in 
this class share similar efficacy and safety profiles. Meto-
lazone in particular can result in a profound diuresis when 
combined with a loop diuretic and maintains efficacy even 
in moderate renal dysfunction, a common comorbidity in 
ADHF patients. The combination of diuretics as a strategy 
is both safe and effective and should be considered when 
the desired effects are not obtained from titrating the loop 
diuretic dose. The choice of agent ultimately depends on 
clinical preference. 

HHS, in addition to high-dose furosemide, is an alterna-
tive strategy gaining popularity in patients not responding 

Join NJPhA for our 149th Annual Meeting & Convention Fall 2019

Celebrating 150 Years
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to loop diuretics. In the studies evaluating this strategy, 
the use of hypertonic saline displayed a noticeable effect 
on the dose-response curve. The addition of HHS to high-
dose furosemide improved diuresis, shortened hospital 
stay, and was associated with positive long-term effects. 
Although this strategy is showing promising results, more 
evidence is required to fully support routine use.

There is limited evidence supporting the utilization of alter-
native therapies such as dopamine, nesiritide, or tolvaptan. 
The findings from the trials that assessed these approaches 
failed to demonstrate superiority in clinical outcomes.  Due 
to the lack of clinical efficacy, the addition of dopamine, ne-
siritide, or tolvaptan is not currently recommended to over-
come diuretic resistance.

IV.  Conclusion
Loop diuretics are efficient in the management of ADHF. 
However in the presence of diuretic resistance, their ef-
fectiveness is compromised creating a clinically challeng-
ing situation. The management of diuretic resistance often 
requires a multimodal approach of various pharmacologic 
agents such as metolazone and chlorothiazide. Different 
strategies should be implemented or combined until the de-
sired clinical goals have been achieved. 
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To begin, I first want to say thank you to those who have 
dedicated their time to not only making our convention, but 
our association a success.  As this was my first conven-
tion in my new position here at NJPhA, it was humbling 
to see the commitment and passion our members have 
for our association and the profession of pharmacy.  Our 
voice, undivided, rang true more than ever—with more than 
165 attendees and 20 exhibitors and sponsors, all coming 
together to learn, network, and advance the profession of 
pharmacy as one.  This year’s convention was held once 
again at Harrah’s Resort in Atlantic City from November 9th 
through 11th.  From over 14 hours of continuing education, 
to our social events and exhibit hall, it was a pleasure see-
ing so much of our membership join us.

Throughout the weekend, I was given the opportunity to 
meet and speak with so many impressive pharmacy profes-
sionals—including one of the largest contingents of phar-
macy students our convention has seen, which bodes well 
for the future of the pharmacy profession!  Our keynote 
speaker, Jeff Brown, Assistant Commissioner of Health, 
was an exceptional addition to our speaker line up.  Mr. 
Brown provided a fascinating and informative presentation 
on the work of his medicinal marijuana program at the NJ 
Department of Health.  

I’d also like to acknowledge all of the award winners from 
this convention, who are chronicled in the back of this issue. 

The following page of photos highlight several of the activi-
ties and events throughout the weekend, please take a look.

And who can forget our generous sponsors and exhibitors.  
It was a pleasure to meet and work with so many of the 
companies and organizations who add to the profession of 
pharmacy with their work and products.  With a variety of 
new faces in our hall, the expansion of our professional net-
work is an exciting prospect that I look forward to further cul-
tivating.  Thank you for your support! Special thanks to our 
sponsors WG Critical Care, Amarin, Data Scan, Walgreens, 
Pharmacists Mutual and RDC for their continued support.

It has been a pleasure joining the New Jersey Pharmacists 
Association team and I am grateful to have gotten to know 
many of you over this past year.  Thank you to all those who 
joined us this year, we hope you enjoyed all of the oppor-
tunities available.  We are excited to see you next year, as 
we look forward with 20/20 vision and reflect on 150 years 
of advancing the profession of pharmacy!  Follow our social 
media to keep up to date on dates and locations, planning 
has already commenced!

Samantha Miller
NJPhA Association Services Administrator

148th Annual Meeting & Convention Recap

Jefferson College of Pharmacy 

“ When researching schools, I chose Jefferson because  
I learned I’d be given experiences that would develop my 
skills interacting with other disciplines, which prepared 
me to easily integrate into the teams and committees 
that I am now a part of. I took advantage of the  
resources available and in return I get to help  
patients every day.”
Advantages of being a Jefferson student include:

• Individual attention toward learning 
• Individual career mentoring 
• Immediate patient care experiences

Our outcomes are demonstrated in our pharmacy 
licensing exam scores and postgraduate match rates. 
Learn more at Jefferson.edu/PharmDOutcomes

Oludamilola Olugbile, PharmD
Clinical Pharmacist 
Magee Rehabilitation Hospital
Jefferson College of Pharmacy ’16
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Student Pharmacist-driven Interventions 
Focused on Increasing Urine Microalbumin 
Labs Ordered in Patients with Diabetes to
Minimize Kidney Disease in Family Medicine 
Center
Nitin Kumar, PharmD Candidate
FDU School of Pharmacy and Health Sciences
Samira Samarbakhsh, PharmD Candidate
FDU School of Pharmacy and Health Sciences
Armand Koffi, PharmD Candidate
FDU School of Pharmacy and Health Sciences
Preceptor: Antonia Carbone, PharmD, BCACP
Clinical Assistant Professor of Pharmacy Practice; FDU 
School of Pharmacy and Health Sciences
Amy Gruber, MD
Overlook Family Medicine

Introduction:
Purpose: The progression of diabetic kidney disease may 
be diminished by utilizing ACE-Inhibitors (ACE-I) in patients 
with urinary albumin-to-creatinine ratio (UACR) of ≥30 mg/g. 
The American Diabetes Association (ADA) recommends 
ACE-Is or Angiotensin II Receptor Blockers (ARBs) in diabet-
ic and hypertensive patients with modestly elevated UACR 
of 30-299 mg/g creatinine, and strongly recommends ACE-I/
ARB in those with UACR ≥ 300mg/g creatinine. A previous 
study conducted at Overlook Family Medicine illustrated that 
189/486 patients (38%) have UACR ordered within the past  
year. The objective of this study was to increase urine micro-
albumin labs ordered and recommend ACE-I/ARB when in-
dicated.

Methods: A prospective evaluation of patients with Diabe-
tes at Overlook Family Medicine between May 2018 and 
September 2018 was conducted by pharmacy students. A 
total of 109 patients with diabetes were evaluated to deter-
mine whether urine microalbumin was ordered in the past 
year. For those patients with no record of a microalbumin 
test within the last year, the recommendation to order it was 
sent to the Primary Care Provider by the Ambulatory Care 
Clinical Pharmacist prior to the patient visit. Recommenda-
tions for ACE-I/ARB were sent to Primary Care Providers 
for patients with a microalbumin to creatinine ratio >30 mg/g 
by the pharmacist as needed.

Results: During the prospective evaluation, student phar-
macists found that UACR was indicated for 48/109 (44%) 
patients. Urine microalbumin was ordered for 26/48 (54%) 
patients based on pharmacy recommendations. Of those, 
12/26 (46%) patients were started on ACE-I/ARB based on 
UACR results.  After the three-month study period, 229/505 
(45%) of patients had a UACR ordered within the last year 
as indicated. 
 

Conclusion: Student-pharmacist driven interventions were 
successful in improving urine microalbumin rates in a Family 
Medicine Center and identifying diabetic patients eligible for 
initiation of ACEIs or ARBs. Incorporating quality improve-
ment projects into the daily activities of student-pharmacists 
during their APPE rotations may be beneficial to improve 
compliance set forth by guidelines and support healthcare 
professionals.

Research Process to Improve Access to 
Medications in a Student-Run Free Clinic
Nicole Ayers, PharmD Candidate
University of the Science, Philadelphia College of Pharmacy
Preceptors: Brooklyn T. Cobb, PharmD, BCPS
Assistant Professor of Clinical Pharmacy; 
University of the Science, Philadelphia College of Pharmacy
Benjamin Pullinger, PharmD, BCPS
Assistant Professor of Clinical Pharmacy; 
University of the Science, Philadelphia College of Pharmacy
Grace Earl, PharmD, BCACP
Associate Professor of Clinical Pharmacy; 
University of the Science, Philadelphia College of Pharmacy

Introduction: In the United States, there are more than 40 
million uninsured patients. Without insurance, patients face 
a financial burden due to the high cost of medications, caus-
ing a barrier in providing care. In order to overcome this 
barrier, patient assistance programs (PAP) became avail-
able. PAPs are run by drug manufacturers and allow eligible 
patients to receive free or low cost medications. This retro-
spective review was performed to describe the process and 
evaluate the impact of a medication access program within 
an interprofessional student-run free clinic and to describe 
barriers to timely medication delivery. 

METHODS: First to third year student pharmacists on a 
rotating student-run access committee coordinate the or-
ganization, submission, and tracking of patient medication 
assistance program (PMAP) applications within an inter-
professional student-run free clinic. A retrospective review 
was conducted by two faculty clinic preceptors on PMAP 
applications initiated between November 2015 and January 
2018. Details regarding the application, dates of initiation 
and submission, and approval status were collected and 
evaluated.

RESULTS: A total of 29 completed PMAP applications were 
evaluated and included for this study. Out of the 29 appli-
cations, twenty-four (83%) applications were approved with 
the most common medications being insulins (34.5%) and 
inhalers (48.3%). The most common documentation re-
quired was proof of income (75.9%) and the applications 
took a median time of 7 days from initiation to submission 
(range 0-148 days). Delays in submissions often came from 

   2018 Poster Session Abstracts
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acquiring additional documentation from patients that they 
did not have on hand. 

CONCLUSION: A medication access program is extremely 
beneficial to patients in a student-run free clinic. Twenty-
four patients were able to get access to free medications 
that they otherwise may not have been able to afford. How-
ever, there are barriers that can impact patient care and 
timely submission, such as not having the proper documen-
tation. Potential solutions to these barriers include provid-
ing education and training to patients, pharmacy students, 
medical students, and other health care professionals on 
the submission process.

Acute Kidney Injury with Dulaglutide GLP- 1 
Receptor Agonist: A Case Report
Myint San, PharmD Candidate
Temple School of Pharmacy
Tiffany Huynh, PharmD Candidate
Temple School of Pharmacy
Preceptor: Patrick McDonnell, Pharm.D, FASHP
Clinical Professor; Temple School of Pharmacy

Introduction: The patient is a 55-year-old African Ameri-
can female who presented to the emergency department 
with chief complaint of shortness of breath with intermittent 
sharp chest pains. Four months prior to her admission, the 
patient was started on dulaglutide (Trulicity) 0.75 mg weekly 
and at the same time stopped furosemide. Her baseline se-
rum creatinine before starting dulaglutide was 1.99 mg/dL. 
However, there was significant increase in serum creatinine 
(Scr) to 2.78 mg/dL after the drug was started. At admission, 
she was diagnosed with volume overload from worsening 
congestive heart failure (CHF) and acute renal failure with a 
background of diabetic nephropathy and possibly cardiore-
nal syndrome. Labs supported the findings with Scr of 3.40 
mg/dL, eGFR of 14 mL/min/1.73 m², BUN/creatinine ratio of 
8, specific gravity of 1.020, and elevated albumin/creatinine 
4.1 gm. Echocardiogram showed worsening diastolic dys-
function. The primary diagnosis of CHF exacerbation and 
volume overload was treated with furosemide 40 mg IV q 12 
hours, then transitioned to bumetanide 2 mg PO BID with 
metolazone 5 mg PO daily when she was hemodynamically 
stable. The patient’s dyspnea improved, however, Scr con-
tinued to rise. There was no documented use of nephro-
toxic agents, the only medication changes that were made 
was the initiation of dulaglutide. From hospital admission 
until discharged, the patient’s serum creatinine has been el-
evated with the range Scr of 4.10-4.20 mg/dL. Acute kidney 
injury (AKI) with the GLP-1 receptor agonist exenatide has 
been previously reported; however, to our knowledge, there 
are no current reports of dulaglutide associated AKI. The 
proposed mechanisms of dulaglutide-induced

AKI include a natriuresis and diuresis caused by GLP-1’s 
that may contribute to the decreased renal perfusion. In 
addition, common side effects of GLP-1 receptor agonists 
are nausea and vomiting, which result in fluid loss and sub-
sequent decreased renal perfusion. The patient was dis-

charged with a new baseline serum creatinine of 4.20. The 
primary reason that this patient was admitted was due to 
CHF exacerbation, however, we concluded that dulaglutide 
contributed significantly to her AKI. The case report reveals 
the importance of special precautions while taking dulaglu-
tide in certain patient populations.  Healthcare professionals 
should be aware of the possible adverse effects of GLP-1 
receptor agonist induced AKI and closely monitor the pa-
tients when initiating or escalating dose of dulaglutide in pa-
tients with renal impairment.

Student Pharmacist Administered 
Immunizations: A Review
Julia Liaw, PharmD Candidate
Rutgers Ernest Mario School of Pharmacy
Daniel Li, PharmD Candidate
Rutgers Ernest Mario School of Pharmacy
Preceptor: Michael Toscani, PharmD
Research Professor; Fellowship Director; 
Rutgers Institute for Pharmaceutical Industry Fellowships

Introduction: Pharmacists are leaders in the healthcare 
community in terms of administering immunizations. As 
future healthcare professionals, student pharmacists need 
to gain first hand experiential training in the act of delivering 
immunizations. The purpose of this review is to examine the 
impact that student pharmacists have had in their communi-
ties while delivering immunizations to patients. The factors 
that were examined are the number of vaccinations admin-
istered by student pharmacists, types of immunizations ad-
ministered, and the types and number of student pharma-
cist led immunization initiatives. This review was performed 
after gathering data and information from sources such as 
the Journal of Pharmacy Education, Pharmacy Today, The 
American Pharmacists Association, etc. 48 states have 
passed legislation that allow student pharmacists to immu-
nize patients. According to the 2017 APhA Operation Im-
munization Report, it was found that the number of student 
pharmacist delivered immunizations has increased every 
year from 2013 - 2017 and over 5 million patients per year 
received educational messaging related to immunization as 
a result of student pharmacist activity. Additional research 
can be conducted to examine the settings or initiatives that 
allow student pharmacists the most experience. As immu-
nizations continue to be a primary preventative mechanism 
that protects public health, the amount of well trained pro-
fessionals capable of delivering vaccines need to meet the 
need. As the trend shows, student pharmacists are more 
prepared to meet that need.
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Evaluation of Adverse Events Triggering a 
Conversion from Solvent-based Paclitaxel to 
Nab-Paclitaxel 
Brittany Ciampi, PharmD Candidate
FDU School of Pharmacy and Health Sciences
Kendra Volz, PharmD Candidate
FDU School of Pharmacy and Health Sciences
Preceptor: Antonia Carbone, PharmD, BCACP
Clinical Assistant Professor of Pharmacy Practice; FDU 
School of Pharmacy and Health Sciences

Introduction: Paclitaxel (Taxol) is an anti-neoplastic with 
numerous treatment indications. Most commonly, it is used 
in the treatment of breast, ovarian, lung, melanoma and oth-
er solid tumor cancers. Trials have shown that approximate-
ly 2-4% of patients will develop a hypersensitivity reaction 
severe enough to mandate a switch to protein-bound pacli-
taxel, Abraxane. Taxol hypersensitivity reactions may range 
from mild to severe despite premedication with steroids, anti-
histamines and H2 -antagonists. The FDA recommends that 
only patients experiencing severe hypersensitivity reactions 
be converted to protein-bound paclitaxel Severe reactions 
are characterized by dyspnea requiring bronchodilators, hy-
potension requiring treatment, angioedema and generalized 
urticaria. Minor reactions are characterized by flushing, skin 
reactions, mild dyspnea, mild hypotension or tachycardia do 
not require interruption or change in therapy. The objective 
of this study is to evaluate patients who are converted to pro-
tein bound paclitaxel due to hypersensitivity reactions and 
evaluate the nature of the reaction. 

Methods: A retrospective chart review was performed to 
identify patients converted from solvent-based paclitaxel to 
nab-paclitaxel. Patients were identified utilizing EPIC, an 
electronic health record. Patients that received any regimen 
containing paclitaxel from February 2018 to July 2018 were 
evaluated. Data collected included regimen, dose, infusion 
rate, cancer type, symptoms associated with the hypersen-
sitivity reaction, severity of the reaction and premedication. 

Results: Chart review showed out of the 75 patients receiv-
ing Taxol therapy, 15 patients were switched to Abraxane 
due to hypersensitivity reactions. Of the 15 patients, none 
experienced a severe reaction as defined by the FDA but all 
were switched to Abraxane. 

Discussion/conclusion: The purpose of this research was 
to evaluate the necessity of switching patients from stan-
dard Taxol therapy to Abraxane therapy based on the pres-
ence and severity of HSR’s. Despite being premedicated 
prior to beginning Taxol infusions, some patients develop 
severe, life-threatening reactions in which the FDA man-
dates a switch in therapy. According to the FDA, Abraxane 
is only considered medically necessary when patients have 
a specific, confirmed hypersensitivity to Taxol. According to 
our data collection, patients that were switched to Abrax-
ane had only mild reactions that did not warrant a change 
in therapy. It is important for healthcare providers to follow 
proper protocol when treating patients with taxane therapy 

and incorporating the most up to date evidence-based inter-
ventions into practice. 

Predatory Publishing: Avoiding the Trap 
Aekta Patel, PharmD Candidate
Rutgers Ernest Mario School of Pharmacy
Rax (Chic-Chia) Wang, PharmD Candidate
Rutgers Ernest Mario School of Pharmacy
Preceptor: Michael Toscani, PharmD
Research Professor; Fellowship Director; 
Rutgers Institute for Pharmaceutical Industry Fellowships
Introduction: With the expansion of open-access journals 
came a parallel increase in pseudo journals (fake, hijacked, 
or predatory) that exploit naive authors for financial gain. 
Pseudo journals promise authors rapid publication in return 
for article-processing charges. Furthermore, these journals 
misattribute author research and do not adhere to publica-
tion standards such as peer review, editing, archiving, and 
indexing of published articles. The purpose of our research 
is to discuss how to identify and avoid different types of 
pseudo publishing, with a focus on predatory journals. We 
conducted a systematic literature review based on search-
es of MEDLINE and PubMed from 2000–2018, using MESH 
terms predatory publishing, pseudo journals, avoiding, best 
practices, and publishing standards. We reviewed 15 arti-
cles on predatory publishing and summarized our findings. 
Areas of publishing concern include: lack of peer review, 
lack of archiving and indexing, e-mail spamming, missing 
publisher information, no valid contact information, mislead-
ing titles and logos, publication fees, and aggressive ad-
vertising. Our recommendations for identifying and avoiding 
predatory publishing include: verify the Directory of Open 
Access Journals (DOAJ) Seal of Approval, review Interna-
tional Standard Serial Number (ISSN) for legitimacy, evalu-
ate editorial board members’ credentials, check for promi-
nently displayed peer review process, and refer to Beall’s 
Comparative Review of Journals. In conclusion, predatory 
publishing is on the rise and it is important for authors to 
be aware of questionable journals. There are steps to help 
avoid the pitfalls of predatory publishing. Further research 
and education is needed to understand and avoid the risks.

Healthcare Perspective on Influenza Vaccine 
Post 2017-2018 Flu Season
Miloni Shah, PharmD Candidate
Rutgers Ernest Mario School of Pharmacy
Tasnim Oroni, PharmD Candidate
Rutgers Ernest Mario School of Pharmacy
Richard Green, PharmD Candidate
Rutgers Ernest Mario School of Pharmacy
Preceptor: Rupal Mansukhani, PharmD
Pharmacy Practice and Administration Clinical Associate 
Professor
Rutgers Ernest Mario School of Pharmacy

Introduction:
Background: According to the Centers for Disease Control 
(CDC), the 2017-2018 influenza vaccine was reported to 
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have a 40% efficacy rate. Low vaccine efficacy could affect 
the health care professionals’ beliefs regarding influenza 
vaccination.  

Objective: To evaluate the healthcare professionals (HCP) 
attitudes regarding the influenza vaccination for the 2018-
2019 season.

Methods: 40 HCPs from New Jersey’s hospital and com-
munity settings were surveyed. The survey was anonymous 
and consisted of 15 questions. The survey assessed each 
healthcare leader’s profession, demographics, awareness 
of last year’s predominant flu strain, and perspectives on the 
flu vaccine; including opinions on media involvement.  The 
survey educated participants on vaccine efficacy for the 
2017-2018 season and assessed if vaccine recommenda-
tions changed based on that efficacy rate.

Results: 42.5% (n=17) were pharmacists, 25% (n=10) were 
nurses, and 32.5% (n=13) were other professionals, such 
as pharmacy technicians and respiratory therapists. 82.5% 

(n=33) of HCPs said getting the flu vaccine is top priority 
for themselves, family members, and patients. 25 out of 40 
(62.5%) believe they play an important role in influencing 
patients to get the flu vaccine. 20 out of 40 (50%) felt the 
flu vaccine was effective last year and 23 (57.5%) partici-
pants believed the media over-exaggerated last year’s flu 
season. The majority of HCPs would not change vaccine 
recommendations for themselves, family members, or pa-
tients (62.5%, 70% and 67.5%, respectively). Nurses had 
the highest percentage prioritizing the flu vaccine and not 
changing recommendations based on last year’s efficacy 
rates.

Discussion/Conclusion: The majority of HCPs surveyed 
believe the flu vaccine should be a top priority in their prac-
tice and their practice should not be changed in response to 
last year’s efficacy rate.  However, 62.5% felt that they play 
a role in influencing patients.  HCPs must be educated to 
counsel patients on the importance of receiving the annual 
flu vaccine.
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I. Introduction

Clostridium difficile infection (CDI) is a common cause of antibiotic-associated diarrhea, causing 15 to 25% of cases, and is directly 
responsible for pseudomembranous colitis, a severe inflammatory response to C. difficile toxins.1 Clostridium difficile causes diarrhea 
and colitis in humans through the actions of toxin A and B on the colonic mucosa. The first occurrence of CDI is followed by a 
symptomatic recurrence after discontinuation of antibiotic therapy in nearly 20% of patients.2 Because the pathological process 
of recurrent CDI (RCDI) is complex and involves many factors, there is no consistent reliable data to suggest a firm consensus on 
optimal treatment. The 2013 American College of Gastroenterology (ACG) guideline recommendations to treat RCDI includes 
metronidazole, vancomycin and consideration of fecal microbiota transplant after three recurrences.3 This differs slightly from the 
recently released 2017 update by the Infectious Diseases Society of America (IDSA) and Society for Healthcare Epidemiology of 
America (SHEA) guidelines. The newer recommendations for treatment of first recurrence of CDI depend on the treatment regimen 
chosen for the initial episode. Second or later recurrence is recommended to be treated with oral vancomycin using a tapered or 
pulse regimen or a scheduled regimen followed by a course of rifaximin. Fidaxomicin and fecal microbiota transplant can also be 
considered.4 

Current and Emerging Therapies for Treatment of Recurrent Clostridium 
Difficile Infection: A Review of the Literature
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After participating in this activity, the participant shall be able to:
Pharmacist:

1. Define recurrent C. difficile infection (CDI)
2. Describe guideline recommendations for primary CDI
3. Describe guideline recommendations for recurrence of CDI
4. Identify and Evaluate other emerging therapies for recurrent CDI

Pharmacy Technician: 
1. Identify first line treatment options for Clostridium difficile infection
2. Describe appropriate dose of treatments options
3. Describe appropriate formulation of treatment options

Author disclosures: the authors have nothing to disclose

CEU Hours:  1.0 contact hour of continuing education credit (0.1 CEU)

Activity Type: knowledge based activity

UAN: 0136-0000-18-038-H01-P;  0136-0000-18-038-H01-T

Release Date: 11/30/18   Expiration Date: 11/30/21



FALL 2018 Page 17

NJPhA Continuing Education Activity 
Audience: Pharmacists & Pharmacy Technicians    

Özdatli Ş, Sipahi H, Charehsaz M et al. 

NJPhA Continuing Education Activity 
Audience: Pharmacists     
NJPhA Continuing Education Activity

Audience: Pharmacists & Pharmacy Technicians

Despite these recommendations, treatment for those experiencing a further relapse remains challenging.3,4

Considering the rise in severity, recurrence, and hypervirulent strains of CDI, treatment options including alternative antimicrobials 
and vaccinations are being studied.  Based on these considerations and in light of forthcoming novel strategies for RCDI, the objective 
of this article is to review the evidence behind current and emerging treatments for recurrent Clostridium difficile infection.  

II. Treatment
RCDI is categorized as infection after treatment of an initial episode of C. difficile within 8 weeks.3,4 It is estimated that up to 30% of 
patients treated for their first CDI episode have experienced at least one additional occurrence.4 Despite the high recurrence rates, there 
is no reliable data to support a certain treatment strategy for RCDI. Strategies including fecal microbiota transplantation, probiotics, 
novel antibiotics, immune-based therapy, and vaccination provide possible approaches to future therapy. However, limited knowledge 
about safety and efficacy of these treatments warrants further research.

Current Treatment Guidelines
Primary CDI is treated according to severity and recurrence, which is supported by both the IDSA-SHEA and ACG guidelines (see 
Table 1).

Vancomycin 
Vancomycin is a glycopeptide antibiotic that interferes with cell wall synthesis in gram-positive bacteria. When taken orally, it is 
poorly absorbed and reaches high concentrations in the large intestine.5

Pulsing and tapering doses of vancomycin has demonstrated efficacy in one small study by McFarland et al6 who investigated these 
methods retrospectively. Patients having RCDI were prescribed either vancomycin or metronidazole initially and then observed for 
recurrence for 2 months after finishing antibiotic therapy. If infection recurred, treatment was with either the same regimen as the first 

Table 1. Recommendations for the Treatment of Clostridium difficile Infection (CDI)3,4

*ACG recommendations

Clinical Definition Recommended Treatment

Initial episode, non-severe Vancomycin 125mg orally 4 times per day for 10-14 days* 
 Fidaxomicin 200mg orally 2 times per day for 10 days
 Alternative: Metronidazole 500mg orally 3 times per day for 10 days*

Initial episode, severe disease Vancomycin 125mg orally 4 times per day for 10 days* 
 Fidaxomicin 200mg orally 2 times per day for 10 days

Initial episode, fulminant Vancomycin 500mg orally (or NG tube) 4 times per day*
 Vancomycin 500mg in 500mL normal saline as enema 4 times per day
 (ileus present) +/-
 Metronidazole 500mg IV every 8 hours (both oral* and rectal)

Recurrent CDI, first episode If initial episode was treated with:
 Metronidazole – Use:
 Vancomycin 125mg orally 4 times per day for 10 days 
 Vancomycin – Use:
 Tapered or pulsed vancomycin
 OR
 Fidaxomicin 200mg orally 2 times per day for 10 days

Recurrent CDI, second or later recurrence Tapered or pulsed vancomycin*
 Vancomycin 125mg orally 4 times per day for 10 days + rifaximin
 400mg 3 times per day for 20 days
 Fidaxomicin 200mg orally 2 times per day for 10 days
 Fecal microbiota transplant*

Recurrent CDI, second or later recurrence Tapered or pulsed vancomycin*
 Vancomycin 125mg orally 4 times per day for 10 days + rifaximin 400mg 
    3 times per day for 20 days
 Fidaxomicin 200mg orally 2 times per day for 10 days
 Fecal microbiota transplant*
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occurrence for 10 to 16 days, a tapered regimen of metronidazole or vancomycin for 10 to 14 days, or a vancomycin pulsed regimen. 
Of 57 RCDI patients treated with a conventional vancomycin regimen only, the highest rate of recurrence, 71.4%, occurred in patients 
given 1 to 2 week courses of medium dose vancomycin (1 g/day). Low dose (500 mg/day) and high dose vancomycin  
(2 g/day) rates of recurrence were 54.2% (P=0.2) and 42.9% (P=0.09), respectively.6

The pulsed regimen resulted in 14.3% recurrence (P=0.02). With tapering, the greatest response was observed with doses from 500 to 
1000 mg/day down to 125 mg/day over 19 to 25 days (P=0.01). In the metronidazole group, there was no significant difference in the 
rate of recurrence in any regimen, leading the authors to conclude that pulsing or tapering vancomycin provides an effective strategy 
when treating RCDI.6 While this study finds that taper/pulsing vancomycin results in superior clinical outcomes as compared to the 
standard course, this has yet to be evaluated in large randomized clinical trials. 
 
Rifaximin 
Rifaximin is a minimally absorbed rifamycin antibiotic that inhibits bacterial RNA synthesis by binding to bacterial DNA-dependent 
RNA polymerase. It is FDA- approved for travelers’ diarrhea due to noninvasive Escherichia coli, irritable bowel syndrome with diar-
rhea, and hepatic encephalopathy.7 Though included in the ACG guidelines as an alternative, no recommendations are provided beyond 
exercising caution.3 Conversely, the IDSA-SHEA guidelines support its use in RCDI as adjunctive therapy to postvancomycin treat-
ment.4 Both do however caution its use due to the potential for isolates to develop an increased MIC during therapy.3,4  Prior exposure 
to a rifamycin derivative is identified as a risk for rifaximin resistant CDI, although isolates from patients who had failed rifaximin 
therapy have not consistently proven resistance.8 
 
A small case series by Johnson et al8 described eight women who had experienced multiple RCDI episodes and were given a 2-week 
course of rifaximin immediately after completing a course of vancomycin. All except one patient (n=7, 88%) remained symptom-free 
at follow-up after completion of rifaximin. This patient experienced an episode of diarrhea 10 days after rifaximin that was C. difficile 
positive and was given another 2-week course without further recurrence. It should be noted that the recovery of a C. difficile isolate 
with a high MIC was obtained following the second course of rifaximin therapy, suggesting the possibility of a resistant strain.8 
 
Another small retrospective study evaluating 32 patients treated for RCDI with rifaximin following an oral course of vancomycin treat-
ment reported 17 patients (53%) had not experienced a relapse at 12 weeks of follow-up. Six of the 8 patients (75%) classified to have 
the hypervirulent BI/NAP1/027 strain relapsed as compared to 8 of 19 (42%) patients with non-BI/NAP1/027 (p=0.11).9 

Fidaxomicin
Fidaxomicin, a narrow-spectrum macrocyclic ester antibiotic, exhibits inhibitory activity against bacterial RNA polymerase. Proper-
ties include minimal systemic absorption, improved activity against gram-negative anaerobes and clinical isolates of C. difficile (as 
compared to vancomycin), and limited activity against the normal gut flora.10 Both guidelines support the use of fidaxomicin.3,4  
In two Phase III double-blind randomized controlled trials by Cornely et al,11 fidaxomicin versus vancomycin was investigated in 178 
patients with at least one prior CDI episode. Clinical cure was similar for the fidaxomicin and vancomycin treatment groups; 93.7% 
(74 of 79) for fidaxomicin and 91.6% (76 of 83) for vancomycin in per-protocol patients with a prior CDI episode. However, 35.5% 
(22 of 62) of patients treated with vancomycin experienced recurrence within 28 days of therapy, as compared to 19.7% (13 of 66) of 
patients in the fidaxomicin arm (P=0.045). There were 14 patients in the vancomycin arm excluded from the per-protocol analysis of 
recurrence due to insufficient follow-up, receipt of other CDI therapy, or other violations. Furthermore, patients whose CDI recurred 
after completion of fidaxomicin had a longer time to recurrence as opposed to those completing vancomycin.11 

Fecal Microbiota Transplant (FMT)
First documented in 1958, fecal microbiota transplantation (FMT) reestablishes gut microbiota by instilling donor stool into the gas-
trointestinal tract of a patient with CDI.12 By infusing these microorganisms into the intestine of the infected patient, the normal flora 
is restored.1 FMT can be instilled via many routes – percutaneous endoscopic gastronomy (PEG) tubes, gastroscope, nasojejunal tube, 
colonoscopy, and capsules.13 The best route of administering FMT varies with the needs and status of the individual patient. 

Gough et al14 published a systematic review in 2011 of 317 patients treated across 27 case series and reports. The majority (n=209, 66%) 
received the donor stool from a relative through enema (n=73, 35%) or gastroscope (n=48, 23%). Of these patients, 92% experienced 
resolution of RCDI, with only 5% requiring retreatment due to failure or relapse. While FMT suspensions prepared with water versus 
normal saline had higher resolution rates (98.5% vs. 86%, respectively), recurrence was 8% for the water preparations versus 3% for 
saline.14
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A 2013 randomized trial of fecal microbiota transplantation found that the infusion of donor feces was significantly more effective 
for RCDI treatment compared to vancomycin. Of 16 patients who received the FMT infusion, 81% (n=13) were cured after the first 
treatment. Of the 3 remaining patients who received a second infusion, 2 were ultimately cured, demonstrating symptom resolution 
in 94% (P<0.001) of patients who received FMT.  In the vancomycin group, resolution of infection occurred in 4 of 13 patients (31%, 
P=0.008.) The overall cure rate ratio of donor-feces infusion was 3.05 as compared with vancomycin alone (99.9% confidence interval 
[CI], 1.08 to 290.05) and 4.05 as compared with vancomycin with bowel lavage (99.9% CI, 1.21 to 290.12). This study was discontin-
ued early after an interim analysis confirmed superiority of fecal microbiota transplantation.15

Despite the benefits of fecal microbiota transplantation in treatment of RCDI, clinical questions remain. Protocols, pre-treatment strat-
egies, and regulations involving the administration of fresh and frozen FMT remain unclear. Clinical trials and studies are ongoing, 
with the goal of developing synthetic stool or capsules for administrating fecal microbiota transplantation in a standardized manner.13 

Emerging treatments
As CDI has grown into a significant healthcare problem, the quest for better treatments and ultimately a cure has become an area of 
focus. While there are numerous CDI treatments in the pipeline for primary CDI, several have also shown promise in secondary pre-
vention. 

Immunotherapy 
Intravenous immunoglobulin (IVIG) and anti-toxin antibodies has been explored as a method to passively enhance protective immu-
nity. The mechanism of IVIG works through binding and neutralization of the toxin by IgG anti-toxin antibodies, which is presumed 
to decrease inflammation-induced mucosal damage.16 Immunoglobulins to anti-toxin A are thought to play the biggest protective role.17 
While successful use of IVIG for treating RCDI has not been documented in large clinical trials, smaller trials and case reports show 
possible benefit in utilizing IVIG in immunocompromised patients to provide passive immunotherapy against RCDI. 
 
A phase 2 randomized, double-blind, placebo-controlled study by Lowy et al18 investigated two neutralizing, fully human monoclonal 
antibodies against C. difficile toxin A (Actoxumab) and toxin B (Bezlotoxumab) as a single infusion in addition to standard antimi-
crobial therapy. With over 200 patients enrolled, the rate of RCDI was considerably lower among patients with at least one recurrence 
treated with monoclonal antibodies versus placebo (7% vs. 38%, p=0.006). Additionally, recurrence rates were lower among patients 
with the BI/NAP/027 strain. (8% vs. 32%, p=0.06).18 This antibody combination is currently being tested further in two phase 3 clini-
cal trials to assess safety and efficacy in preventing RCDI.19  

Although potentially effective in humans, immunotherapy such as monoclonal antibodies and IVIG have few randomized controlled 
trials and mainly retrospective, non-randomized, uncontrolled trials to speak for any potential benefit in RCDI.20 Caution should be 
exercised in the use of IVIG as standardization in terms of dose, time of treatment, and concomitant conventional therapy remains 
controversial.
 
Vaccination 
A desirable alternative approach of bypassing the need for antibiotic involvement altogether is through a prophylactic vaccine for the 
prevention of CDI. A phase 3 study in Japan is underway to evaluate safety, immunogenicity, and efficacy of an investigational vaccine 
to prevent symptomatic CDI.21 In a phase 1 dose-finding study, 55 healthy adult and 48 elderly volunteers were randomized to receive 
an adjuvanated Clostridium difficile vaccine (3 different doses) or placebo. Younger volunteers underwent 100% seroconversion and 
there was a variable serologic response dependent on dosage in the elderly with no safety concerns. For both age groups, seroconver-
sion for toxin B was lower than toxin A.22 Several other vaccines have been developed and are being researched, such as a recombinant 
toxoid-based vaccine that contains genetically modified toxins derived from non-sporulating C. difficile strains and a recombinant 
peptide antigen that targets the receptor binding domains of the toxins.23 

Probiotics 
The role of probiotics in the treatment of recurrent CDI is undefined. Although there is some evidence that the incidence of anti- 
biotic associated diarrhea can be decreased with the use of two probiotics, Lactobacillus rhamnosus GG and Saccharomyces boulardii, 
the evidence that probiotics prevent CDI is lacking.4 Likewise, the SHEA-IDSA and ACG guidelines do not recommend the use of 
probiotics in CDI, as there is limited data and a potential risk of bloodstream infections such as probiotic-associated bacteremia and 
fungemia.3,4
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A meta-analysis by McFarland et al24 observed six treatment arms in randomized controlled trials that showed neither the probiotics
Saccharomyces boulardii nor Lactobacillus rhamnosus held significance in preventing RCDI.3  Furthermore, a Cochrane analysis 
looking at randomized prospective studies using probiotics alone versus co-administration with conventional antibiotics concluded that 
there was insufficient evidence to recommend any probiotics as adjunctive therapy to antibiotics and no evidence to support the use of 
probiotics alone in the treatment of RCDI.25 

Due to the diversity and lack of standardization in probiotic studies, the consensus is that there must be larger trials performed before 
the practice of administering probiotics as prophylaxis or treatment of RCDI can be recommended.3,4  

III.  Conclusion
Despite intensive efforts to improve prevention and treatment of C. difficile infection, this pathogen remains a common cause of seri-
ous infection worldwide. Antibiotic-based therapies utilizing vancomycin display the most comprehensive evidence and therefore 
remains the mainstay for the management of RCDI. New possibilities for treatment are gaining momentum in the medical community, 
but due to insufficient evidence, further research is required to determine if there is a place in therapy for these agents.   
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