
Therapeutic Interchange Program: 
H2 Receptor Antagonist

The results of two recently completed surveys of U.S. 
and Canadian hospitals listed in the 1999 American Hos-
pital Association directory (> than 100 beds), suggest 
that therapeutic Interchange (TI) programs, are common 
among institutions. Of the 463 respondents, 88% of 
teaching, 89% of non-teaching and 100% invester-owned 
hospitals reported having TI programs.  The medication 
classes most commonly targeted included the H2-recep-
tor antagonists, proton-pump inhibitors, antacids, and qui-
nolones.   Furthermore, a Canadian survey completed in 
1999 reported 88% of the respondents having a TI program.  
Therapeutic Interchange is defined as  “an authorized 
exchange of therapeutic equivalents in accordance with 
previously established and approved written guidelines 
or protocols.”  Therapeutic equivalents are “drug products 
with different chemical structures that are of the same 
therapeutic or pharmacological class, and usually can be 
expected to have similar outcomes and adverse reaction 
profiles when administered in therapeutically equivalent 
doses.  Two of the primary factors leading to the develop-
ment of TI programs are the increasing number of drugs 
within the same therapeutic class (“me too drugs”), and 
the need to contain medication and healthcare costs while 
maintaining rational drug therapy.  The financial benefit of 
these programs is reported to be variable.  While cost sav-
ings is a goal of the TI programs, each program must first 
ensure that patient care and outcome are not negatively 
affected. Therapeutic interchange may not be appropriate 
for all patients and professional judgement should always 
be exercised.  Therapeutic Interchange programs offers 
the prescriber the prerogative to override the interchange.  
The first TI program is now in place at the UIC Hospital.  

The Pharmacy & Therapeutics Committee selected famoti-
dine as the H2-receptor antagonist of choice at University 
of Illinois Hospital.  
Famotidine was chosen because of its decreased potential 
for drug interactions (not metabolized by CYP450), con-
venient dosing (bid vs. tid or qid), and cost (see table 1).  
Based on fiscal year 2002 use, the estimated cost savings 
is $25,000 per year.

Table 1. Cost:  Famotidine vs. Ranitidine
H2 
Antagonist

Dosage Form/
strength

Usual Adult
dose

*Cost/
Day

Famotidine

20 mg tab 20mg po bid $0.18
20mg/2ml susp 20mg po bid $8.47
20mg IVR premix 20mg IV q 12 h $5.62

Ranitidine

150 mg tab 150 mg po bid $0.28
150mg/10ml susp 150 mg po bid $12.62
50mg IVR premix 50 mg IV q 8h $ 10.89

*Does not include administration cost

Oral therapy in tablet dosage form is the preferred and most 
cost-effective mode of famotidine administration in patients 
who are able to tolerate food or other medications via the gas-
trointestinal tract.
Effective Wednesday, August 14, 2002, the Executive Commit-
tee of the Medical Staff has authorized all orders for other H2-
receptor antagonists in adult patients to be interchanged with 
famotidine unless “DO NOT SUBSTITUTE” is explicitly noted 
on the order.   Changes will be made per the approved equiva-
lent doses described in table 2 and all interchanges will be 
documented in the medical record by a pharmacist.  Any doses 
that do not appear in the table will be verified with the pre-
scribing physician prior to interchange.  Pediatric patients are 
excluded from this therapeutic interchange at the present time, 
and ranitidine use is now restricted to pediatric patients.
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Meperidine Use Now Restricted 
Meperidine was first synthesized in 1939 as an anticholin-
ergic agent and subsequently, was found to have analgesic 
properties. It’s availability as an injectable solution, in contrast to 
the then-commonly used morphine hypodermic tablet, resulted 
in widespread usage.  More recently however, meperidine 
has come under fire from various healthcare organizations, 
specifically for its inadequate analgesia and increased toxicity.  
The literature is replete with studies showing the ineffectiveness 
of meperidine in pain control.  Meperidine is often preferred for 
select patient populations due to the belief that it does not cause 
spasm of sphincter of Oddi.  However, there  have been no stud-
ies to date in which results suggest the use of meperidine over 
morphine for this particular property.  All narcotics cause spasm 
of sphincter of Oddi.  Reports of adverse effects of meperidine 
are numerous and there are few compelling reasons to use this 
particular medication. There are numerous  studies and case
reports documenting the CNS stimulatory effect of meperidine 
after repeated dosing in patients with and without renal insuf-
ficiency which resulted in seizures.  This occurred in patients 
receiving intermittent doses of meperidine  as well as by PCA 
administration.  Meperidine also has anticholinergic effects, 
which may result in adverse effects particularly in the elderly.  
There are case reports of meperidine-induced delirium.  A study 
has shown a deleterious effect on the mood of cancer patients 
receiving meperidine.  Meperidine may also produce a euphoric 
mood, which may contribute to drug seeking behavior on the 
part of the patient as well as by healthcare providers. There 
is much documentation regarding the latter.  The effects of 
meperidine when given in labor can have deleterious respira-
tory effects on the fetus as well as neurobehavioral effects that 
may be seen after six weeks.  Meperidine can also accumulate 
after repeated doses in both mother & infant. 
The Joint Commission on Accreditation of Healthcare 
Organizations recommends reducing the use of meperidine.  
Two other major organizations, the American Pain Society 
and the Agency for Health Care Policy and Research, have 
addressed meperidine use in pain management and their rec-
ommendations are listed in table 3.

Table 3.  Meperidine Use Guidelines per APS and AHCPR
•Meperidine use is not recommended for cancer pain for
 chronic use if continued opioid use anticipated.
•Parenteral dosage greater than 600mg within 24hrs is
 not recommended.
•Duration greater than 48 hours is not recommended
•Intramuscular and oral use is not recommended. 
•Meperidine use for proven rigors with blood transfusion
 or medications, e.g., amphotericin is appropriate.
•Recommends reserving meperidine use for a very brief 
 course in patients who have demonstrated a true allergy
 or intolerance to other opioids.  In that case, meperidine
 should be used only in exceptional circumstances, e.g.
 for post surgical pain for infants, children, adolescents,
 and adults, when a single dose or fewer than 2 days of 
 treatment is anticipated.
•Extreme caution should be used when meperidine is
 administered via PCA.

Meperidine use does not always comply with the above guide-
lines.  Often, suboptimal dosing regimens are used and meper-
idine is ordered for chronic pain.  A small DUE conducted for 
30 days at UIC Hospital noted some prescribing outside these 
guidelines.  The experience of other hospitals has indicated that 
education alone does not usually solve prescribing problems.  
A survey by the University HealthSystem Consortium reports 
that other major teaching hospitals have restricted the use of 
meperidine.  The University of Pennsylvania, Oregon State, 
and University of Wisconsin Hospital have restricted the use of 
meperidine to certain indications. Missouri Health implemented 
a 24 hour stop date on all meperidine orders.  Utah HSC 
restricted meperidine to pre-endoscopic procedures only.  
Northwestern University and the University of Michigan 
have removed meperidine from their formularies altogether.

Table 2.  H2 Receptor Antagonist Equivalent Dosing Chart

Oral

Cimetidine Nizatidine Ranitidine Famotidine
800 mg qhs 300 mg qhs 300 mg qhs 40 mg qhs
400 mg qhs 150 mg qhs 150 mg qhs 20 mg qh
300 mg qid 150 mg bid 150 mg bid 20 mg bid
300 mg tid 20 mg bid
300 mg bid 150 mg qd 150 mg qd 20 mg qd
300 mg qd 20 mg qd
800 mg bid 150mg qid 40 mg bid
400 mg bid 150 mg qid 40 mg bid

IV

300 mg q6h 50 mg q8 20 mg q12h
300 mg q8h 50 mg q8 20 mg q12h
300 mg q24h 50 mg q24h 20 mg q24h
300 mg q24h 50 mg q24h 20 mg q24h
900 mg/day continuous 150 mg/day continuous 40 mg/day continuous
1200 mg/day continuous 150 mg/day continuous 40 mg/day continuous
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With the recommendations from the Pain Task Force, the Phar-
macy & Therapeutics Committee took the following actions 
which became effective August 7th.
ã Remove oral tablets and PCA dosage forms
ã  Restrict meperidine use to certain indications:
•Confirmed allergy to morphine and its congeners
 (codeine, hydromorphone, hydrocodone)
•Proven rigors due to blood products or medications
 (e.g., amphotericin) that are uncontrolled by acetaminophen
 and diphenhydramine
•Post-operative shivering
•One time dose pre-procedure
•Failure of two first line opioids to achieve acceptable
 pain relief when used at appropriate doses or intolerable 
 side effects from an opioid that are not manageable with
  optimal prn medications.

ã Recommendations for meperidine prescribing:
•Patient must have creatinine clearance > 50ml/min
•Total parenteral dose not to exceed 600mg within a 24 hour period
•Duration of use not to exceed 48 hours
•Recommended dose:  
 25 - 100mg IVP or SC (if no IV access) q 3-4H PRN for pain
 12.5 - 25mg for rigor or postoperative shivering
•IM administration not recommended
ã Meperidine orderable changes in Gemini:
•Indication now a required field when ordering meperidine.  
•Drop down screens have been and should be used
 when appropriate to specify the allergic reaction, rigor
 causing agents, or opioids to which the patient failed to
  respond.  
•Meperidine uses outside the approved indications
 require a completed non-formulary medication request form.

Intravenous Heparin Initiating & 
Monitoring in Adults
The following Intravenous Heparin Initiating & Monitoring 
Guidelines were approved by the Pharmacy & Therapeutics 
Committee.
•Obtain a baseline PTT, PT/INR, CBC and platelet count
 prior to heparin initiation
•Initiate with a bolus followed by an initial continuous infusion
 dose based on total body weight as recommended below
 EXCEPTION: Bolus is not recommended for treatment of
 TIA’s or progressing ischemic stroke
•PTT Goal is 60-100 seconds; Guidelines for heparin dose 
adjustment based on PTT are provided below

Table 4. Guidelines for Heparin Dose Adjustment
Patient 

Weight (kg)
Heparin IV Bolus 

~65 Units/kg
Heparin Infusion Rate

 ~13 Units/kg/hr

< 50 3000 600
51 - 60 3500 700
61 - 70 4000 900
71 - 80 5000 1000
81 - 90 5500 1100

91 – 100 6000 1200
> 100 7000 1400

References:Shalansky KF, et al. Pharmacotherapy 1996;16:1076-84. 
ACC/AHA Guidelines for Acute Coronary Syndromes, 2002
http://www.acc.org/clinical/guidelines/unstable/unstable.pdf

Table 5. Maintence Infusion 
aPTT 

(seconds) Dosing Adjustment
< 45 Reassess IV line, infusion bag, pump, etc.; 

repeat full bolus dose AND increase infusion rate 
by 200 Units/hr, recheck aPTT in 6 hours

45 – 60 Repeat 1⁄2 bolus dose AND increase infusion rate 
by 100 Units/hr, recheck aPTT in 6 hours

60 – 100 Therapeutic range, no change.  Repeat aPTT 
in 6 hours until 2 consecutive therapeutic aPTTs 
are achieved, then repeat aPTT every 24 hours. 

101 – 115 Decrease infusion rate by 100 Units/hr, recheck 
aPTT in 6 hours

116 – 195 Hold infusion for 1 hour, then decrease rate by 
200 Units/hr, recheck aPTT in 6 hours

> 195 Notify house staff, recheck aPTT stat, hold 
infusion until stat aPTT results return, and 
assess for bleeding complications.  If no signs 
of bleeding, reassess dosing based on repeat 
aPTT per protocol.  If serious signs of bleeding 
complications/hemorrhage, consider use of prot-
amine sulfate and/or blood products (fresh frozen 
plasma, platelets, etc.).

•Obtain CBC and platelet count daily or every other day
•Observe patient for bleeding or oozing from IV catheter
 sites, mucous membranes, and nose; stool guaiac tests
 may also be done
•If warfarin therapy is warranted, initiate warfarin on day 1
 of IV heparin therapy.
•Continue concomitant heparin and warfarin until both the 
  PTT and PT/INR have been therapeutic for two days
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Table 5.  Meperidine Pharmacology and 
Pharmacokinetic Characteristics 

Pharmacology
Inhibits serotonin & nor-
epinephrine reuptake

Risk of meperidine toxicity (CNS excita-
tion), when combined with MAOIs or sero-
tonin syndrome with SSRIs

Blocks muscarinic/
acetylcholine receptors

Peripheral adverse effects as well as CNS 
side effects (anticholinergic)

Pharmacokinetics
IM Variable, incomplete and erratic absorption; 

two fold intra-patient variability in blood 
levels and five fold inter-patient variability

PO Extensive first pass metabolism; 80-90% 
bioavailability in hepatic disease and 
increased production of normeperidine

Extensive first pass 
metabolism

80-90% bioavailability in hepatic disease 
and increased production of normeperidine

Distribution Increased in elderly & hepatic dysfunction; 
time to peak concentration & analgesia 
variable

Metabolism Active and renally eliminated metabolite, 
Normeperidine; 2-3 times CNS excitatory 
potential of meperidine; causes anxiety, 
hyperreflexia, myclonus, seizures, and 
mood changes

Elimination Elimination half- life increased with hepatic 
and renal dysfunction; accumulation 
reported with high or frequent dosing



Acquired Methemoglobinemia

Acquired methemoglobinemia, a condition whereby 
hemoglobin fails to transport and deliver oxygen to 
tissues, can result from exposure to a number of 
drugs including benzocaine.   Methemoglobinemia 
occurs in approximately one out of 7000 patients 
undergoing bronchoscopy as a result of the topical 
application of benzocaine.  This condition results  
from the oxidation (loss of an electron) of the iron 
moiety in red blood cells, which changes the normal 
oxygen carrying ferrous (Fe2+) state to the ferric 
(Fe3+) state.  Ferric heme is incapable of binding to 
oxygen, and oxygen delivering to tissues is impaired.    
The symptoms associated with methemoglobinemia 
correspond with the concentration of methemoglobin 
compared with total hemoglobin.  Cyanosis becomes 
evident at concentrations exceeding 15 percent.  Neu-
rological and cardiac dysfunction may result when 
methemoglobin concentrations exceed 30 percent.  
Death may occur when concentrations exceed 70 
percent. 
Clinical diagnosis is made upon the presentation of 
cyanosis unresponsive to oxygen administration and 
a distinctive arterial blood brown color; laboratory con-
firmation is by cooximetry. Treatment of symptomatic 
methemoglobinemia is by intravenous methylene blue 
at doses of 1-2 mg/kg as a 1% solution given over 5 
minutes.  A single dose is usually effective, but if symp-
toms do not resolve within one hour after administra-
tion, the dose may be repeated.  The total dose given 
should not exceed 7 mg/kg.   
As pointed out in a recent ISMP medication safety 
alert, directions for use on the label of the topical 
anesthetic CETACAINE (benzocaine, tetracaine, 
butamben) spray could be misinterpreted and could 
result in patient harm. The directions state, “to activate 
spray, press Jetco-Spray Cannula in any direction with 
forefinger for approximately one second. Maximum 
anesthesia is produced in one minute.” This could be 
misinterpreted to mean that a continuous spray of up 
to one minute is necessary for maximum anesthesia. 
However, a caution on the carton and spray bottle 
states, “spray in excess of two seconds is contraindi-
cated.” 
Excessive use of Cetacaine spray has resulted in 
cases of methemoglobinemia, and this diagnosis 
should be considered in any patient with a history of 
topical anesthetic exposure who develops cyanosis 
and decreased oxygen saturation levels.  Until the 
manufacturer modifies the direction for use of Ceta-
caine topical spray, ISMP recommends affixing labels 
directly to the spray bottles to alert staff to avoid sprays 
in excess of two seconds. 

Enoxaparin and Heparin Safety 
Careful attention must be paid regarding patient medication 
orders for enoxaparin and heparin. Failure to monitor dupli-
cate therapy warnings regarding these 2 medications can result 
in significant bleeding episodes that lead to patient deaths.
If one of the medications is already ordered or being 
ordered and the other drug is added, a multum duplicate 
therapy warning is presented to the prescriber at the time 
of order entry. At that time the prescriber should evaluate the 
patient’s medication requirements and adjust the patient’s 
orders so that both drugs are not given concommittantly.
If the prescriber bypasses the warning, the next opportunity 
for a critical intervention is when the pharmacist verifies the 
patient’s medication orders. The pharmacist receives the 
same duplication of therapy warning from multum. Dupli-
cate therapy warnings must be carefully evaluated and the 
prescriber should be contacted immediately.
The Institute of Safe Medication Practices, Medication 
Safety Alerts!, have highlighted the tragic consequences 
of concomitant enoxaparin (low molecular weight hepa-
rin) and (unfractionated) heparin. In the near future, plans 
for Gemini included improved functionality to enhances 
the safety of ordering these medications. Alerts for renal 
dosing of enoxaparin will alert to inappropriate doses 
based on renal function. If renal parameters are not avail-
able on the on-line medical record at the time the order is 
placed, the system will alert retrospectively once that infor-
mation is available. Also, more specific warnings will alert if 
the patient has duplicate therapy.
Monitoring the patient’s medication profile is an important 
mechanism in finding duplicate and other inappropriate 
therapies bypassed or overlooked during Gemini ordering 
or Pharmnet verification. Clinicians should routinely moni-
tor patient medication profiles. Nurses aware of patients on 
concomitant heparin and enoxaparin therapy should bring 
it to the immediate attention of the patient’s physician.

Immediate-acting Nifedipine not Indicated
for Hypertensive Emergencies
Efficacy and safety data for the use of immediate-acting 
nifedipine in hypertensive emergencies or pseudoemergencies 
is lacking.  In addition, immediate release nifedipine for the 
rapid reduction of blood pressure has been reported to 
cause serious adverse effects including syncope, stroke, 
cardiac arrhythmias, and myocardial infarction, some of 
which have been fatal.
Immediate acting-nifedipine is not absorbed sublingually 
when given by this route.  Effects are only seen after the 
ingested nifedipine is absorbed in the stomach.  Following 
absorption, nifedipine lowers blood pressure by causing 
peripheral vasodilation.  This vasodilation is commonly 
associated with reflex tachycardia, which usually overrides 
the mild negative inotropic and chronotropic effects of the 
nifedipine.  The mechanisms behind the adverse effects 
associated with immediate acting nifedipine are thought 
to be due to the abrupt, uncontrolled, and/or unpredict-
able lowering of the blood pressure itself, to the peripheral 
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vasodilation causing a steal phenomenon in certain vascular 
beds, or to reflex tachycardia and associated catecholamine 
release.  The risk of adverse events following administration 
of immediate release nifedipine may be higher in patients 
receiving beta blockers, because beta blockers will inhibit 
the reflex tachycardia which may allow for the normalization 
of blood pressure if it drops too low.
In 1985, the Cardiorenal Advisory Committee of the FDA 
unanimously decided that immediate-acting nifedipine 
should not be used for acute lowering of blood pressure 
because it had never been found to be safe or efficacious 
nor had it been compared to other regimens for the same 
purpose.  In addition, the Sixth Report of the Joint National 
Committee on Prevention, Detection, Evaluation, and Treat-
ment of High Blood Pressure (JNC VI) states that the use of 
sublingual nifedipine for acute lowering of blood pressure for 
any indication is inappropriate and unacceptable.

P & T Committee Formulary Actions 
in July 2002

Medications Added:
•Famotidine 
•Fondaparinux, restricted to orthopedic surgery 
(see summary below)
•Ofloxacin otic solution, restricted to ENT service 
Line Extensions:
•Alendronate 70mg tablet 
•Ondansetron 24mg tablet 
Medications Deleted:
•Meperidine PCA 
•Meperidine tablet
•Pyridostigmine injection (no longer made)
Drug Use Policy / Guidelines:
•H2 Antagonist Therapeutic Interchange Program 
•Ranitidine restricted to pediatric patients.
•Meperidine use restricted to select indications 
•Automatic stop date of 3 days for all ketorolac injection orders
•Weight based intravenous unfractionated heparin dosing 
guideline 
 Reviewed And Not Added:
•Sevelamer (Renagel™)
•Zoledronic acid (Zometa™)

Fondaparinux
It is indicated for DVT prophylaxis in patients undergoing 
hip fracture, hip replacement or knee replacement surgery.  
Fondaparinux is the first in a new class of synthetic oligosac-
charides that bind to antithrombin causing increased inhibition 
of Factor Xa without inhibiting Factor IIa.  It is rapidly and com-
pletely absorbed.  Fondaparinux is renally eliminated with an 
elimination half-life of 17 to 21 hours.  Its anticoagulant effect 
persists 2-4 days after discontinuation in patients with normal 
renal function.  It is contraindicated in patients with CrCl < 
30ml/min and/or weighing <50kg.  It should be used with cau-
tion in patients with moderate (CrCl 30-50ml/min) renal impair-
ment. As with the low molecular weight heparins, there is a 
risk of spinal/epidural hematoma when fondaparinux is given 
in patients having undergone spinal or epidural anesthesia, 

or spinal puncture.  The recommended dose is 2.5mg admin-
istered subcutaneously once daily with the initial dose given 
6 to 8 hours after surgery once hemostasis is achieved.  An 
increased risk of major bleeding has been reported when the 
initial dose is given <6 hours after surgery. 
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