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ABSTRACT 
 
Introduction: Clinical pharmacist role in dose adjustment of renally eliminated drugs is crucial to prevent or decrease drug-related adverse events and 
eventually decrease hospitalization and costs. Materials and method: to address correct dosing and the avoidable adverse events, the incidence of renal 
impairment following cardiac surgery was evaluated to guide the pharmacist and the cost impact of dose adjustment were calculated accordingly. 
Clinical outcome will not be assessed since the adverse event were avoided by dose adjustment. Result and discussion: from all admitted patients to 
160-full bed capacity tertiary hospital for different cardiac procedures, eighty-eight met the inclusion criteria and followed for four weeks. Only 35.6% 
preserved normal kidney function while the rest developed acute renal impairment. Dose adjustment was recommended for 13.8% of the patients and 
involved six drugs. all dose recommendations were agreed by the physicians with estimated annual saving of 384,358 Saudi riyals. Conclusion: clinical 
pharmacist monitoring prescriptions for dosing error decreases the total cost and may prevents incidence of drug related adverse effects. 
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INTRODUCTION 
 
Acute renal failure is classified into three categories; prerenal 
azotemia, intrinsic renal azotemia and post renal etiologies. 
Prerenal azotemia, a physiological response to renal 
hypoperfusion in which the integrity of renal tissue is preserved. 
Intrinsic renal azotemia (acute tubular necrosis), acute damage of 
renal tissue is induced by nephrotoxic drugs or ischemia. Post 
renal etiologies are urologic problems (due to obstruction, 
diabetes, or recurrent urinary tract infection). In all types of acute 
renal failure, the potassium level is increased since it is excreted 
renally causing lethal cardiac arrhythmias1. Patients with cardiac 
events or problems or those undergoing heart surgery may 
experience impaired renal function. This impairment is usually 
associated with increased morbidity and mortality due to the 
decrease in cardiac output that will decrease renal perfusion, and 
it is leading for worsening of those already renally impaired2.  
Patient characteristics related to increased risk of acute renal 
failure are sometimes severe enough to require dialysis including 
aging (>65 years old), high preoperative serum creatinine SCr 
(>100 umol/L), congestive heart failure, ejection fraction less 
than 50%, extent of disease, cardiac procedure [coronary artery 
bypass grafting, valve(s) or both] and cardiopulmonary bypass 
duration (>90 minutes)3-5. 
 
Effect of renal impairment on drug disposition especially for 
renally eliminated drugs is due to decreased clearance, tubular 
secretion or reabsorption. It is important to reduce dose of certain 
drugs if the serum creatinine increases by 0.6 mg/dL/day. This 
indicates 25% to 30% loss of renal function. The most important 
factors for patients with renal impairment include: serum albumin 
levels (major binding protein for many drugs such as digoxin). In 
case of hypoalbuminemia (such as diabetic patients with 
advanced renal disease) toxic levels are predicted also for 
NSAIDs as more free form of the drug is much higher. Secondly, 

creatinine clearance CrCL that decreases with the age at a rate of 
1 ml/min/year between the ages of 30 to 60 due to the decrease in 
muscle and nephron mass. Thirdly, volume depletion induced by 
some drugs such as gentamicin is a risk factor for renal failure. 
Furthermore, if patients are already with intravascular volume 
depletion, they would be more susceptible to toxicity, or if they 
undergo dialysis that places them at increased risk of infection 
then the use of antibiotics is required. Another factor is the cardiac 
function, as discussed before, decreases the renal perfusion and 
makes patients prone to toxicity of certain drugs such as 
angiotensin converting enzyme inhibitors and NSAIDs. And 
finally, Ideal body weight (IBW) should be calculated especially 
for obese patients as it is a major determinant of volume of 
distribution. In patients with low body weight, the actual body 
weight should be used for the estimation of clearance rather than 
IBW5-8. 
 
The renal function and severity of impairment are usually 
assessed by the following: estimating CrCL, measuring blood 
urea nitrogen (BUN), BUN/Creatinine ratio. The increase in both 
measures (BUN and BUN/Creatinine ratio) indicates systemic 
hypoperfusion rather than intrinsic renal dysfunction in the 
absence of conditions that enhance urea production, such as 
gastrointestinal bleeding, corticosteroid therapy, or a high-protein 
diet2,9. Serum creatinine levels rise only if glomerular filtration 
rate (GFR) is markedly reduced and thus the equation proposed 
by Cockcroft and Gault (CrCL estimation rather than depending 
on SCr level only) is frequently used in practice and correlates 
well with sensitive measurements of glomerular function.  
 
In renal impairment, the dose adjustment of renally eliminated 
drugs is required to prevent drug accumulation and thus avoiding 
of toxicity or decreasing drug-related adverse effect and 
decreasing hospitalization stay and costs10. An important example 
of the effect of moderate renal impairment, digoxin therapy was 
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associated with more than a twofold increase in the risk of 
primary cardiac arrest that offset its benefit in patients with 
congestive heart failure so, dose reduction is critical in this case11. 
In addition, renal replacement therapy RRT may complicate 
therapy and leads to under- or overdosing12.  
 
Having clinical pharmacist during physician rounds will decrease 
preventable adverse drug events especially in intensive care unit. 
Adverse drug events were the sixth leading cause of death in USA 
in 1994 with 10.9% of all hospital patients. A list of safe and cost-
effective medications must be identified. Most of interventions 
made by clinical pharmacist are through adjustment of dose or 
frequency coming first and laboratory monitoring. Pharmacists 
working beside the dispensing windows miss the opportunity to 
analyzing patient problem and thus become less able to assist 
physicians in rational prescribing. Also, on-call pharmacist may 
not be efficient in this regard as they are distant from the decision-
making process. Addressing medical errors is one strategy to 
improve safety of medication13 Requirements for clinical 
pharmacist for promotion includes interpretation of laboratory 
values and pharmacokinetics14 and this study depends on these. 
 
The contribution of clinical pharmacy services is difficult to be 
measured but for sure it is beneficial since it covers prescription 
monitoring, reduction in length of hospital stays and incidence of 
adverse drug reactions and in total cost15. A 6-Month creatinine 
clearance dosing adjustment program conducted in Albany 
Medical Center Hospital, USA in 1995 resulted in a total cost 
avoidance of $11,702.0816. Six clinical pharmacists at Barnes-
Jewish Hospital (1200-bed teaching hospital) recorded all 
interventions done for 30 days and extrapolated an annual savings 
of $394,000 (95% confidence interval, $46,000-$742,000)17. A 
review of the economic benefit of clinical pharmacy services 
through 59 articles published between 1996 to 2000 performed by 
Center for Pharmacoeconomics Research and Department of 
Pharmacy Practice, University of Illinois at Chicago, USA, 
estimated that $45.6 billion in direct health care costs would be 
avoided even when this kind of service led to 4-fold increase in 
fee association. For every dollar invested in clinical pharmacy 
services, $4 in benefit is expected provided that this kind of 
service has positive financial benefits18. 
 
Through clinical observation, patients with cardiac problems 
were in high risk to develop renal impairment. In this study we 
were interested in assessing the role of clinical pharmacist in 
dosage adjustment in these patients and the cost impact of such a 
service.  
 
The main objectives of the study: addressing renal function as a 
tool for appropriate dosing and determining whether physicians 
calculate CrCL for dosing. Other objectives: determine the 
incidence of renal impairment in hospitalized patient with cardiac 
problems or undergoing cardiac procedure and the cost impact of 
clinical pharmacist interventions.  
 
MATERIALS AND METHOD 
 
The study was conducted at Prince Sultan Cardiac Center in 
Riyadh, Kingdom of Saudi Arabia, a 160 full-capacity beds 
instituted for hospitalized patients with cardiac problems or 
scheduled procedures (with 5304 admissions per year) and also 
serve outpatient and emergency clinics. This prospective, 
observational and interventional study was performed for four 
weeks during July 2004 five days a week. Through Pharmacy and 
Therapeutic Committee (P&T), the PSCC pharmacy proposed 
establishing a renal dosing and monitoring services in which the 
hospital formulary was reviewed and drugs which are subjects for 
dosing adjustment in renally impaired patients were identified 
along with the required adjustment in such a case, the service was 
approved by the P&T committee to be provided by PSCC 

pharmacy department. A list of drugs comprises: ceftazidime, 
cefuroxime, ciprofloxacin, digoxin, gentamicin, meropenem, 
piperacillin/tazobactam (tazocin), ranitidine, vancomycin, and 
others were monitored. The list was selected based on extensive 
use and high acquisition cost.  
 
Patients and Interventions 
 
The clinical pharmacist identified patients receiving these drugs 
on daily basis, reviewed their demographic data and assessed 
their laboratory findings. The appropriate dosing adjustment was 
recommended according to renal function status. Some of these 
drugs required monitoring the serum level for appropriate dosing, 
and culture sensitivity but parallel to the degree of renal 
impairment, recommendation of dosing depends in information 
approved by P&T committee. The documentation of whether the 
recommendation has been accepted or not, or any reevaluated 
dose according to renal function were considered as a new 
intervention.  
 
Cost avoidance was determined by calculating the difference 
between the costs of the original and adjusted regimens. From 
ethical point of view because we believe that patient care coming 
first in the priority of clinical pharmacy services we can’t apply 
intervention versus non-intervention groups in patients 
developing renal impairment, we assumed that the original 
regimens prescribed by physicians were the non-interventional 
and the adjusted regimens suggested by clinical pharmacists were 
the interventional in cost avoidance calculation. Drug 
administration devices, pharmacist time in monitoring, nursing 
administration, pharmacy preparation, if any, have not been 
included in these calculations. Cost incurred due to 
recommendation to increase dose should not be included because 
this what the patient should take according to the recognized 
treatment plan. We did not assess the clinical outcome, but it is 
believed that if the given dose is comparable to that in someone 
with normal renal function there will be an optimal effect without 
adverse events. In the design and study calculation, the suitable 
pharmacoeconomic principles have been implemented19-23. 
 
Inclusion Criteria 
 
Only the following patients were included in the study: all 
hospitalized cardiac patients eighteen years of age or older, 
receiving one or more of the study medications and patients 
undergoing dialysis.  
 
Exclusion Criteria 
 
The following patients were excluded from the study: below 
eighteen years of age and patients not receiving any of the study 
medications.  
 
Data Collection 
 
The clinical pharmacist monitored all hospitalized patients above 
18 years old on one or more of the following drugs: ceftazideme, 
cefuroxime, ciprofloxacin, digoxin, gentamicin, meropenem, 
piperacillin/tazobactam (tazocin), ranitidine, vancomycin, 
followed them up for the required duration of therapy. Reviewed 
their demographic data [age, sex, weight, height]. Recorded 
BUN, BUN/creatinine ratio and other important laboratory 
findings such as electrolytes (potassium). The ideal body weight 
(IBW) has been estimated for each subject. If the actual body 
weight is less than the IBW, then the actual was used in 
calculation of CrCL using Cockcroft and Gault equation (table 1). 
A CrCL ≥ 50 ml/min was considered normal, less than 50 or on 
dialysis was included in the study taking into consideration the 
type of the dialysis. To calculate CrCL for patients older than 60 
with apparent normal serum creatinine, 30 were subtracted from 
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patient’s age and the result of CrCL from 110 mI/min. Incidence 
of renal impairment among all screened patients has been 
calculated. Severity of heart events, underlying disease (such as 
IDDM), ejection fraction and cardiac output, procedure type 
[CABG, valve(s) or both, number and duration], and 
pharmacotherapy (digoxin, diuretics, etc.), diagnosis for which 
the target drugs being prescribed were recorded. Routine daily 
review of drug order sheet, suggestion of an appropriate dosing 
regimen in case of under- or overdosing either by dose and/or 
interval adjustment have been carried out. A dosage adjustment 
depends on renal function estimated by CrCL, serum level of 
some drugs, culture sensitivity when applicable taking into 
consideration M1C90, type of dialysis and filtrate pore size. 
Action(s) taken by physicians either by agree, disagree or change 
but with modification were recorded. Calculation of cost 
avoidance and extrapolation of the results to one year have been 
performed.  

 
Statistical Analysis 
 
Variables have been coded individually, and data were analyzed 
using the Statistical Package for Social Sciences (SPSS) version 
13.0 for Windows (SPSS Inc., Chicago, Illinois). Agreements 
between physician’s and pharmacist’s assessments have been 
evaluated. Statistical significance defined as p ≤ 0.05. 
 
Ethics Approval 
 
The study was approved by the Ethical Committee in PSCC and 
according to Helsinki Declaration and the safety of all patients 
was insured. 
 

 
Table 1: Equations for calculating ideal body weight and creatinine clearance CrCL 

 
Ideal body weight IBW 
IBW (male) = 50.0 + (2.3 x height in inches over 5 feet). 
IBW (female) = 45.5 + (2.3 x height in inches over 5 feet) 
Creatinine clearance using Cockcroft and Gault equation CrCL 
CrCL (male) = (89:;<=>)@	ABC

DE	F	GHI
 

CrCL (female) = 0.85 x CrCL (male) 
Where, CrCL is the creatinine clearance in ml/min, age in years, W is the IBW in kg and SCr is the serum creatinine in mg/dl 
Use IBW unless the patient actual body weight is less than IBW. 

 
Table 2: Demographics 

 
 Male Female  P (sig.)* 

Age  52.9±15 
(N=45) 

52±15 
(N=42) 

0.773 
(NS) 

Weight by Kg 44±17 
(N=44) 

63.2±12.6 
(N=42) 

0.001 
(S) 

Ideal body weight 
by Kg (IBW) 

63.5±5.6 
(N=42) 

64.3±98.3 
(N=39) 

0.959 
(NS) 

Height by cm 77.5±35 
(N=43) 

79.5±38.5 
(N=38) 

0.839 
(NS) 

* S= Significant, NS= Not Significant 
 

 
 

Fig. 1: percentage of patients by renal impairment categories 
 

 
 

Fig. 2: Percentage of patients required dose adjustment 
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Fig. 3: Drugs involved and required adjustment (%) 
 
 
RESULT AND DISCUSSION 
 
From all admitted patients, eighty-eight met the inclusion criteria, 
their demographics (age, gender, and IBW) were not significant 
between subjects (Table 2 summarize their demographics). 57.5% 
were in the intensive care unit and 27.6% had congestive heart 
failure. According to renal impairment categories, only 35% were 
with normal kidney function. Renal impairment was mild for 
30%, moderate for 29% and severe for 6% of patients (Fig. 1). 
Doses of the six drugs involved in the study were incorrect and 
adjusted for 13.8% of the patients. Ranitidine dose adjustment 
came first with 63.2%, Digoxin in the second place with 44.8%, 
cefuroxime with 34% of the adjustments, Tazocin with 23% and 
lastly, Ciprofloxacin and Ceftazidime with 3.4% and 2.3% 
respectively (Fig. 2 and 3), all recommendations were agreed by 
the physicians with 100% satisfaction and dosing were made 
accordingly.  Cost avoidance calculated during the study was then 
used to estimate an annual saving of 384,358 Saudi riyals 
(102,439 United states dollar). The estimated cost savings 
consider number of annual hospital admissions and drug cost only 
without hospital stay and service cost, pharmacy monitoring, 
preparations and nursing administration which in return if have 
been accounted in calculations would lead to more cost savings. 
 
CONCLUSION 
 
Clinical pharmacist role in monitoring prescriptions for correct 
dosing decreases total cost and may prevents incidence of adverse 
events. 
 
ACKNOWLEDGEMENT 
 
The author wishes to express here appreciation to Professor 
Hisham Abou-Auda and Doctor Meshal Al-Mutairi for their 
academic guidance and clinical access. 
 
REFERENCES 
 
1. Bazilinski, N., Brenner and Rector's The Kidney. Journal of 

the American Medical Association, 1997. 277(4): p. 346-346. 

2. Maxwell, A.P., H.Y. Ong, and D.P. Nicholls, Influence of 
progressive renal dysfunction in chronic heart failure. Eur J 
Heart Fail, 2002. 4(2): p. 125-30. 

3. Grayson, A.D., et al., Valvular heart operation is an 
independent risk factor for acute renal failure. Ann Thorac 
Surg, 2003. 75(6): p. 1829-35. 

4. Chertow, G.M., et al., Independent association between acute 
renal failure and mortality following cardiac surgery. Am J 
Med, 1998. 104(4): p. 343-8. 

5. Stewart, S., et al., Poles apart, but are they the same? A 
comparative study of Australian and Scottish patients with 
chronic heart failure. Eur J Heart Fail, 2001. 3(2): p. 249-55. 

6. Bakris, G.L. and R. Talbert, Drug dosing in patients with 
renal insufficiency. A simplified approach. Postgrad Med, 
1993. 94(8): p. 153-6, 159-60, 163-4. 

7. Hu, K.T., A. Matayoshi, and F.T. Stevenson, Calculation of 
the estimated creatinine clearance in avoiding drug dosing 
errors in the older patient. Am J Med Sci, 2001. 322(3): p. 
133-6. 

8. Luke, D.R., et al., Validity of creatinine clearance estimates 
in the assessment of renal function. Clin Pharmacol Ther, 
1990. 48(5): p. 503-8. 

9. Aronson, D., M.A. Mittleman, and A.J.J.T.A.j.o.m. Burger, 
Elevated blood urea nitrogen level as a predictor of mortality 
in patients admitted for decompensated heart failure. 2004. 
116(7): p. 466-473. 

10. Schneider, V., et al., Impact of serum creatinine measurement 
error on dose adjustment in renal failure. 2003. 74(5): p. 458-
467. 

11. Rea, T.D., et al., Digoxin therapy and the risk of primary 
cardiac arrest in patients with congestive heart failure: effect 
of mild-moderate renal impairment. J Clin Epidemiol, 2003. 
56(7): p. 646-50. 

12. Bugge, J.F., Influence of renal replacement therapy on 
pharmacokinetics in critically ill patients. Best Pract Res Clin 
Anaesthesiol, 2004. 18(1): p. 175-87. 

13. Kucukarslan, S.N., et al., Pharmacists on rounding teams 
reduce preventable adverse drug events in hospital general 
medicine units. Arch Intern Med, 2003. 163(17): p. 2014-8. 

14. Zarowitz, B., et al., Rewards and advancements for clinical 
pharmacy practitioners. American College of Clinical 
Pharmacy. Pharmacotherapy, 1995. 15(1): p. 99-105. 



Elham	Alshammari.	Int.	Res.	J.	Pharm.	2019,	10	(2)	

	

74	

15. Bond, C.A., C.L. Raehl, and T. Franke, Clinical pharmacy 
services, pharmacist staffing, and drug costs in United States 
hospitals. Pharmacotherapy, 1999. 19(12): p. 1354-62. 

16. Preston, S.L., et al., Dosing adjustment of 10 antimicrobials 
for patients with renal impairment. Ann Pharmacother, 1995. 
29(12): p. 1202-7. 

17. McMullin, S.T., et al., A prospective, randomized trial to 
assess the cost impact of pharmacist-initiated interventions. 
Arch Intern Med, 1999. 159(19): p. 2306-9. 

18. Schumock, G.T., et al., Evidence of the Economic Benefit of 
Clinical Pharmacy Services: 1996–2000. Pharmacotherapy: 
The Journal of Human Pharmacology and Drug Therapy, 
2003. 23(1): p. 113-132. 

19. Lyles, A., Standards and certification to recognize 
pharmacoeconomics as a profession. Clinical therapeutics, 
2003. 25(3): p. 1004-1006. 

20. Mullins, C.D. and S. Ogilvie, Emerging standardization in 
pharmacoeconomics. Clin Ther, 1998. 20(6): p. 1194-202; 
discussion 1192-3. 

21. Clouse, J., Establishing value in managed care: Cost-
effectiveness or budgetary impact? Journal of allergy and 
clinical immunology, 2002. 109(5): p. S511-S513. 

22. Briggs, A.H. and A.M. Gray, Handling uncertainty in 
economic evaluations of healthcare interventions. BMJ, 
1999. 319(7210): p. 635-8. 

23. Papadopoulos, J., et al., The critical care pharmacist: an 
essential intensive care practitioner. Pharmacotherapy, 2002. 
22(11): p. 1484-8. 

 
Cite this article as:  
 
Elham Alshammari. Role of clinical pharmacist in dose 
adjustment of renally eliminated drugs in cardiac patients with 
renal impairment. Int. Res. J. Pharm. 2019;10(2):70-74 
http://dx.doi.org/10.7897/2230-8407.100245    

   
 

Source of support: Nil, Conflict of interest: None Declared 
 

Disclaimer:	IRJP	is	solely	owned	by	Moksha	Publishing	House	-	A	non-profit	publishing	house,	dedicated	to	publish	quality	research,	while	
every	effort	has	been	taken	to	verify	the	accuracy	of	the	content	published	in	our	Journal.	IRJP	cannot	accept	any	responsibility	or	liability	for	
the	site	content	and	articles	published.	The	views	expressed	in	articles	by	our	contributing	authors	are	not	necessarily	those	of	IRJP	editor	or	
editorial	board	members.	
 


