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Abstract
Obj ect ive: To compare the adaptat ion of medical prescript ions according to the dosage guides 
in pat ient s wit h renal  disease,  before and af t er applying a pharmaceut ical  int ervent ion 
programme. The secondary obj ect ives were to prepare a guide to dosing in renal disease and to 
measure the prevalence of prescript ion of drugs with renal risk.
Met hod:  Non-randomised,  experimental intervent ional study (before/ af t er) conducted in a 
general hospital with 800 beds, including hospitalised pat ients, over the age of 18, with kidney 
disease and drugs with renal risk prescribed in their pharmaco-therapeutic proile. The study 
was designed t o be carried out  in 2 descript ive cross-cut t ing phases (cont rol  group) and a 
prospect ive intervent ional cohort  st udy (intervent ion group).  The primary variable was t he 
percentage non-adaptat ion according to the stage of renal disease.
Resul t s:  The study included 185 pat ients,  88 in t he cont rol group and 97 in t he intervent ion 
group.  In t he int ervent ion group,  t he prevalence of  non-compl iance before and af t er t he 
int ervent ion was 18.7% and 2.1%, represent ing a st at ist ical ly signif icant  reduct ion in non-
adaptat ion of the dose. The costs saved with the pharmaceut ical intervent ion programme were 
1939.63 euro over 2 months, the average saving per medicat ion intervened amount ing to 62.57 
euro (95% CI, 23.99-101.14 euro; P=.02).
Conclusions:  The result s of  t he study indicate that  t he applicat ion of  a pharmaceut ical care 
model based on the prospective validation of drugs with renal risk, very signiicantly improved 
the adaptat ion of dosing regimens in kidney disease.

© 2008 SEFH. Published by Elsevier España, S.L. All rights reserved.
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Introduction

Chronic kidney disease (CKD) is an import ant  world-wide 
problem for publ ic heal t h due t o i t s high incidence,  t he 
concomit ant  cardiovascular mort al i t y,  and t he economic 
costs that  it  generates. 

The available epidemiologic data for CKD comes most ly 
from pat ients that  start  subst itut ive t reatment  with dialysis 
or kidney t ransplants, 1 and epidemiologic informat ion for 
the earlier stages of CKD is scarce. In the NHANES III study 
carried out  in the United States on the general populat ion, 
the total prevalence of CKD was 11%.2

In Spain,  t he prevalence of  CKD is unknown,  however, 
according t o di f f erent  epidemiologic st udies,  i t  var ies 
between 7.5% and 18.4%. Results from the pilot  stage carried 
out  in Galicia have recent ly been obtained, from the EPIRCE3 
st udy (Epidemiological Study on Kidney Failure in Spain), 
where the prevalence was 12.7%. In the hospital environment  
in Spain,  t he ERPHOS st udy (Chronic Kidney Kisease in 
Hospital ised Pat ients) is being carried out ,  but  result s are 
not  yet  available. 

Kidney disease (KD) is relat ively common in hospitalised 
pat ients and it  entails an increase in mortality and morbidity 
related to hospital isat ion. 4 Pat ients with acute or chronic 
KD are more f requent ly hospit al ised t han t hose pat ient s 
that  do not  suffer from KD, due to the KD in itself  as well as 
its effects on other pathological processes.

The adj ustment  of  t he dosage of  drugs to the individual 
charact er ist ics of  each pat ient  helps t o maximise t he 
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Evaluación de un programa de intervención farmacéutica en pacientes  
con medicamentos de riesgo renal

Resumen
Obj et ivo: Comparar la adecuación de las prescripciones médicas según las guías de dosiicación, 
en pacientes con enfermedad renal,  antes y después de aplicar un programa de intervención 
farmacéutica. Los objetivos secundarios fueron la elaboración de una guía de dosiicación en 
enfermedad renal y medir la prevalencia de prescripción de fármacos con riesgo renal.
Método:  Estudio experimental de intervención no aleatorizado (antes/ después) realizado en un 
hospital general de 800 camas, que incluyó a pacientes ingresados, mayores de 18 años, con 
enfermedad renal y medicamentos con riesgo renal prescritos en su peril farmacoterapéutico. 
El estudio se diseñó para realizarlo en dos fases: un corte t ransversal descript ivo (grupo cont rol) 
y un estudio de intervención de cohortes prospect ivo (grupo de intervención). La variable prin-
cipal fue el porcentaj e de inadecuación posológica según el grado de enfermedad renal.
Result ados: El estudio incluyó a 185 pacientes, 88 en el grupo cont rol y 97 en el de intervención. 
En el grupo de intervención la prevalencia de incumplimiento antes y después de la intervención 
fue del 18,7 y el 2,1%, lo que supone una reducción estadísticamente signiicativa en la inadec-
uación posológica.  El  cost e evit ado con el  programa de int ervención farmacéut ica fue de 
1.939,63 euros en 2 meses; la media por cada medicamento en el que se intervino fue de 62,57 
euros (intervalo de conianza del 95 %, 23,99-101,14 euros; p = 0,02).
Conclusiones:  Los resultados del estudio indican que la aplicación de un modelo de atención 
farmacéut ica, basado en la validación prospect iva de los medicamentos con riesgo renal,  me-
jora de forma muy signiicativa la adecuación de las pautas posológicas en enfermos renales.

© 2008 SEFH. Publicado por Elsevier España, S.L. Todos los derechos reservados.

therapeut ic effect iveness and minimise the adverse effects 
related with medicat ions. This dose adj ustment  is especially 
import ant  in CKD as many drugs (ant ibiot ics,  digoxin, 
l ithium…) or their metabolites, are eliminated through the 
kidneys, and can accumulate and cause adverse ef fects or 
an increase in the morbidity and mortality, which generates 
addit ional unnecessary sanitary expenses. 

Dosage guidelines have been published for drugs that  are 
suscept ible t o dose adj ust ment s in pat ient s wit h kidney 
disease to support  medical prescript ions.5

Previous st udies carr ied out  in hospi t als f ound non-
compliance rates with the various dosage guides in kidney 
fai lure of  19%-67%;  t he cri t eria of  def ining CKD and t he 
medicat ions used in dif ferent  studies6-11 are also variables. 

The principal obj ect ive of this study was to compare the 
adjustment  of medical prescript ions according to the dosage 
guides in pat ient s wit h kidney disease,  before and af t er 
implement ing a pharmaceut ical intervent ion programme. 
The secondary obj ect ives were the elaborat ion of a dosage 
guide for kidney disease and to measure the prevalence of 
the prescript ion of drugs with renal risk in said pat ients.

Method

The study was a non-randomised experimental intervent ional 
st udy (before/ af t er) conduct ed in a general  universi t y 
hospital with 800 beds, with medical, surgical, crit ical, and 
emergency services.
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Design

The study was conducted in 3 periods:

1.    Elaborat ion of  t he dosage guide f or  kidney f ai lure 
medicat ions.  A mul t idiscipl inary t eam,  formed by a 
pharmacist  and a nephrologist , carried out  a bibliographic 
review of  al l  of  t he medicat i ons i ncl uded i n t he 
pharmaco-therapeut ical guide (PTG) of the hospital that  
were suscept ible for dose adjustment  in CKD. A computer 
applicat ion was designed in Access (with t he fol lowing 
f ields:  principle act ive ingredient ,  dosage schedule for 
normal  renal  f unct ion and f or  kidney f ai l ure wi t h 
dif ferent  int ervals depending on creat inine clearance 
(ClCr):  60-30 mL/ min,  30-10 mL/ min,  <10 mL/ min, 
haemodialysis, and peritoneal dialysis.

2.    Descript ive t ransversal study.  The pat ient s selected in 
this period formed the cont rol group. This group included 
al l  pat ient s wit h glomerular f i l t rat ion rates (GFR) <60 
mL/ min/ 1.73 m2,  calculated from the creat inine-serum 
(Cr) data provided by the laboratory department  using 
t he abbreviat ed Modif icat ion of  Diet  in Renal Disease 
(MDRD) formula:  186 × Cr—1.154 × age—0.203 × 0.742 (for 
women)  and/ or  1. 210 ( f or  Af ro-Amer i cans) .  The 
pharmaco-t herapeut ic prof i le of  t hese pat ient s was 
analysed and the dosage of  the prescribed medicat ions 
was crossed wit h t he need t o adj ust  in kidney fai lure 
with the recommendat ions given by the GDMIR through 
SQL consultat ions using a computer applicat ion designed 
ad hoc. The dose prescribed, the dose required according 
to the degree of CKD, and the level of compliance of the 
GDMIR were recorded for all pat ients. 

3.    Prospect ive int ervent ion cohort  st udy.  The pat ient s 
included in t his phase formed t he int ervent ion group 
and,  t he same met hodology was used for select ion as 
t hat  used f or  t he cont rol  group.  Pharmaceut i cal 
int ervent ion was carried out  for al l  pat ient s in which 
some medicat ion wit h an inadequat e dose was found 
concerning t he l evel  of  renal  f unct ion.  Al l  of  t he 
int ervent ions carried out  and t he level of  accept ance 
were recorded.

Study population

Pat ients admit ted to the hospital during the study period, 
over 18-years-old, with kidney disease, def ined as GFR<60 
mL/ min/ 1.73 m2 (classif icat ion of the KDOQI guides),12 being 
t reated with medicat ions that  need adj ust ing for CKD.

Pat ients admit t ed to crit ical and emergency unit s were 
not  included in t he st udy as no comput er ised medical 
prescript ions were available for t hese departments.  Also, 
t he creat inine-serum,  a value used t o cal culat e t he 
glomerular f ilt rat ion to select  and st rat ify pat ients, may be 
af fected in these crit ical pat ients due to malnut rit ion and 
could add confusion to the study. 

Pharmaceutical intervention

The pharmacist ,  wi t h t he hel p of  t he comput er i sed 
applicat ion, ident if ied the pat ients with kidney disease that  
were suscept ible for intervent ion.  The cl inical records of 
the pat ients were reviewed, which revealed their diagnosis, 

co-morbidit ies,  evolut ion, and mot ive for the prescript ion 
of  t he dif ferent  drugs.  This is especial ly important  in t he 
case of  ant ibiot ics,  given that ,  according t o t he t ype and 
severit y of  t he infect ion,  t he doses are variable and they 
are also variable in kidney failure. After this pharmaceut ical 
eval uat i on,  t he i nt er vent i on consi st ed i n gi vi ng 
recommendat ions to modify the doses, the dosage intervals 
or bot h in t he inadequat e prescript ions according t o t he 
degree of CKD. The recommendat ion was done orally to the 
prescribing physician and/ or in writ ing in a report  included 
in the clinical records of the pat ients. 

The acceptance of the recommendat ions was def ined as 
t he modif icat ion and/ or suspension of  t he t reatment  in a 
period of 24 h after the recommendat ion was given. 

Also, follow-up was carried out  on all pat ients included in 
the study unt il their discharge from the hospital or death to 
det ect  possible variat ions in t he cl inical  sit uat ion,  renal 
funct ion and the need for new intervent ions.

Sample size and type

—   Descript ive study: a t ransversal cut  was done for a day of 
hospitalisat ion including all of the pat ients that  met  the 
previously ment ioned criteria

—   Prospect ive cohort  intervent ion study:  t he sample size 
needed was calculated regarding the results obtained in 
the descript ive study; a consecut ive sampling was done 
unt il the needed sample size was reached. Given that  the 
f irst  phase of  incompliance of  t he dose schedules was 
22.5% and assuming an alpha error of 5% and a stat ist ical 
power of 90%, the needed sample size to demonst rate a 
decrease in t he rat e of  incompl iance of  50% and 75% 
would be 214 and 81 medicat ions.  Given t hat  a loss of 
10% is assumed,  a sample size of  160 medicat ions or, 
equal ly,  80 pat ient s.  The durat ion of  t his phase was  
2 months

Study variables

—   Dose adj ustment  (%): correct ly adj usted drugs according 
t o t he degree of  CKD relat ed t o t he t ot al  amount  of 
prescribed drugs

—   Economic cost  (euros):  calculat ed as t he di f f erence 
bet ween t he t rue cost  of  t reat ment  (cost  t o acquire 
drugs) and the cost  without  intervent ion, in the case that  
this happened; this is the pharmaco-economic impact  of 
the intervent ion programme

—   Other variables: age (years), sex, GFR (mL/ min/ 1.73 m2),  
CKD stage (stage 3: GFR, 59-30 mL/ min/ 1.73 m2;  stage 4: 
GFR,  29-15 mL/ min/ 1.73 m2;  st age 5:  GFR <15 mL/
min/ 1.73 m2);  co-morbidit ies (hypertension,  diabetes, 
dysl ipidaemia,  cardiovascular disease);  and cl inical 
service

Statistical analysis

The st andard deviat ion and mean were used f or  t he 
quant it at ive variables and relat ive f requencies were used 
for the qualitat ive variables. To f ind the dif ferences in the 
compliance of the cont rol group and the intervent ion group, 
t he c2 t est  was used, while the McNemar test  was used to 
compare the compliance before and after in the intervent ion 
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group for paired dat a.  To compare economic cost s,  t he 
Student  t  test  was used for paired data.

The st at ist ical  signif icance for t he cont rast  t est s was 
P<.05.

Results

Demographic characteristics

During the descript ive period, 577 admit ted pat ients were 
ident if ied of which 421 had been prescribed some drug with 
renal risk,  and,  among t hem, 20.9% (88 pat ient s,  cont rol 
group) had kidney disease at  dif ferent  stages (13.1%, stage 
3;  4.5%, stage 4;  and 3.3%, stage 5).  The study included a 
total of  185 pat ients, 88 in the cont rol group and 97 in the 

i nt er vent i on gr oup,  whose demogr aphi c and base 
charact erist ics are shown in Table 1.  Bot h groups were 
similar regarding age,  dist r ibut ion of  sexes,  creat inine, 
average hospi t al  st ay and co-morbidi t ies,  or renal  r isk 
factors (diabetes,  cardiovascular diseases,  hypert ension, 
dysl ipidaemia,  anaemia).  However,  t he pat ient s of  t he 
intervent ion group had lower GFR and, therefore, a greater 
deteriorat ion of renal funct ion.

Drugs that require dose adjustments for KD

The number of drugs with renal risk prescribed to the cont rol 
group was 169 and t o t he int ervent ion group,  187.  In t he 
cont rol group, the prevalence of incompliance in the dosage 
of drugs with renal risk was 22.5%, and in the intervent ion 
group before carrying out  the pharmaceut ical intervent ion 
was 18.7%, wit h a dif ference of  3.8%, wit hout  st at ist ical 
signif icance (Table 2). After the pharmaceut ical intervent ion, 
the prevalence of incompliance was 2.1%, which implied a 
signif icant  reduct ion in the inadequate dosage (Table 3).

This reduct ion in the incompliance is observed by stages 
of the kidney disease (Table 4), which is signif icant  in stages 
3 and 4.

The pharmaco-t herapeut ic group t hat  was prescribed 
inadequate drugs with greater frequency in the intervent ion 
group was the ant ibiot ic group (Figure 1) and, within said 
group,  levof loxacin was t he drug t hat  required a great er 
number of intervent ions (Figure 2).

Pharmaceutical interventions

The level of acceptance of the pharmaceut ical intervent ion 
by t he prescribing physicians was 88.6% (95% conf idence 
int erval ,  73.3–96.8).  The number and t ype are shown in 
Table 5.

Economic costs

The economic impact  of  t he pharmaceut ical intervent ion 
programme (Table 6) was calculated as t he cost  avoided; 
this is the difference between the t rue cost  of the t reatment  
correct ly adj usted to renal funct ion and the cost  that  would 
have been necessary if  the intervent ion was not  carried out . 
The average cost  avoided for each drug in the intervent ion 
group was 62.57 (105.16) Euros (P=.02).

Discussion

One of the principle causes of the high prevalence of kidney 
disease in hospitalised pat ients is due to a greater average 
age t han t he general  populat ion.  In our populat ion,  1 of 
every 5 pat ients that  was hospitalised had kidney disease. 
This prevalence of kidney disease (20.9%)13 is similar to the 
17% found in the Falconnier et  al6 study and to the 25% of 
another study recent ly published.7 

However, this cont radicts the 5% prevalence found in the 
Cantu et  al8 study. This low frequency, compared with out  
populat ion,  is probably due t o t he st rict er def ini t ion of 
Kidney Disease that  these authors used (creat inine clearance 
<40 mL/ min) and t he younger age of  t he populat ion wit h 
kidney disease (64 [15] years). 

Table 1 Demographic data and basic characterist ics

Variable 
 

Cont rol  
group  
(n=88)

Intervent ion 
group  
(n=97)

Pa 

 

Women 41 (46.6) 34 (45.1)
Men 47 (53.4) 63 (64.9) .11
Age, mean (SD), y 72.73 (15.11) 72.28 (14.1) .835
Creat inine, mg/ dL 2.93 (2.66) 2.83 (1.68) .767
GFR,  
 mL/ min/ 1.73 m2

33.38 (16.73) 28.33 (12.25) .021

Stay, d 20 (17.97) 16.96 (13.91) .183
Kidney failure  
 stage

.106

Stage 3 55 (62.5) 50 (51.5)
Stage 4 14 (15.9) 28 (28.9)
Stage 5 19 (21.6) 19.6 (19)
Diabetes mellitus 34 (38.6) 34 (35.1) .613
Cardiovascular  
 disease

47 (53.4) 56 (57.7) .554

Hypertension 70 (79.5) 73 (75.3) .486
Dyslipidaemia 29 (33) 41 (42.3) .192
Anaemia 36 (40.9) 38 (39.2) .117
CKF 61 (69.3) 70 (72.2) .67

CKF indicates chronic kidney failure; GFR, glomerular 
dilt rat ion rate. 
The data express n (%) or the average (standard deviat ion).  
aThe statistical signiicance has been determined using the 
Student  t  test  to compare the averages and the c2 to compare 
proport ions.

Table 2 Dif ference between the proport ion of inadequate 
dosage between period 1 (cont rol) and 2 (before 
intervent ion)

  Period 1 
(n=169)

Period 2 
(n=187)

Stat ist ical 
signiicancea

Inadequate   
 dosage,  
 n (%)

38 (22.5) 35 (18.7) Dif ference, 3.7%; 
 SS, 4.3; 95% CI, 
 −4.6 to 12.2;  
 P=.483
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Table 3 Period 2: dif ference between the proport ion of inadequate dosage after the pharmaceut ical intervent ion between 
periods and in period 2 (before/ after)

Period 1 (cont rol) compared to 
period 2 after intervent ion

Period 1 (n=169) Period 2 (n=187)   Stat ist ical test a 

Inadequate dosage, n (%) 38 (22.5) 4 (2.1) c2,  35; P<.001;  
RR=0.095;  
95% CI, 0.03-0.26;  
RRR=90.5%

Period 2 (before and after),  
187 drugs

Before After   Stat ist ical test b 

Inadequate dosage, n (%) 35 (18.7) 4 (2.1) c2,  29; P<.001;  
dif ference, 16.6%;  
SS, 2.72;  
95% CI, 11.2-21.9

aDist ribut ion of independent  groups, 2×2 table, stat ist ical test  of the c2,  and exact  test  of Fisher. 
bNon-paramet ric dist ribut ion, paired groups, McNemar’s stat ist ical test .

Table 4 Stat ist ical comparison of the degree of inadequate dosage in period 2 (before after) and its dist ribut ion according  
to the stage of chronic kidney disease

Period 2 (before and after intervent ion)  
187 drugs

Stage Before After P 

Inadequate dosage, n (%) 3 (n=100) 11 (11)     <.001
4 (n=47) 19 (40.4) 2 (4.3)     <.001
5 (n=40) 5 (12.5) 2 (5)   .428

Figure 1 Dist ribut ion by percentages in the intervent ion group 
according to the pharmacological class (n=35).  ACEI indicates 
inhibitors of the angiotensin convert ing enzyme.

ACEI ant i-hypertensives (2.9%)

Analgesics (2.9%)

Ant ibiot ics (60%)Cardiotherapy (17.1%)

Ant i-epilept ics (5.7%)

Ant i-thrombot ics 
(11.4%)

Figure 2 Dist ribut ion by percentages in the intervent ion group 
according t o t he drugs of  group J (ant i - i nf ect i ous and 
ant ibiot ics) (n=21).

Vancomycin (4.7%)

Levofloxacin 
(17.6%)

Amoxicill in 
clavulanate 

(9.5%)

Cefuroxime axet ile (4.7%)

Cefonicide (4.7%)

Cefazolin 
(9.5%)

Ertapenem 
(9.5%)

Meropenem
(9.5%)
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In our  st udy,  drugs wi t h renal  r i sk were prescr ibed 
inadequat ely in an import ant  percent age of  pat ient s, 
however,  af t er  t he pharmaceut ical  int ervent ion,  t he 
incompliance of the GDMIR was reduced to 2.5%, compared 
with 22.5% of the cont rol group. Long et  al9 recent ly carried 
out  a systemat ic review of literature to determine the level 
of compliance with the dosage guides in CKD in hospitalised, 
chronic and ambulatory pat ient s.  The 4 studies analysed, 
carried out  in hospitals, revealed incompliance rates of the 
dosage guides for CKD varying between 19%-67%; the criteria 
of defining CKD in the dif ferent  studies is also a variable. 

In t he Falconier et  al 6 st udy,  carried out  in an int ernal 
medicine department  of a university hospital with 870 beds, 
t he doses were inadequat e in 67% of  t he pat ient s in t he 
ret rospect ive cont rol group and were reduced by 19% during 
the prospect ive intervent ion period.

In another recent  study, the inadequate dosage of  drugs 
wi t h renal  r isk was 73. 58%;  and,  77. 5% of  t hese were 
prescribed during the hospital stay.10

Our resul t s are simi lar t o t hose f rom Salomon et  al , 11 
which reveal an incompliance rate of 20%, but  they did not  
carry out  intervent ions.

When t rying to improve adequate dosage in pat ients with 
CKD, some aut hors have designed comput er programmes 
that  provide support  to prescribers. This is the case of the 
study by Chertow et  al, 4 where the physician is alerted at  
t he moment  of  prescribing by t he programme during t he 
int ervent ion per iod,  and adequat e dosage in CKD i s 
improved, however,  in spit e of  t his t ool,  49% of  t he doses 
cont inued to be inadequate. One of the limitat ions of these 
programs is that  they do not  take into account  the reason 
the drug is prescribed, for example, ant ibiot ics for severe 
infect ions, that  require higher doses, and they also do not  
detect  changes in renal funct ion.

The pharmaco-t herapeut ic group t hat  requi red t he 
greatest  number of intervent ions, similar to other studies,14 
was the group of the ant ibiot ics. This result  is probably due 
to the fact  that  this is the group with more principle act ive 
ingredients that  require adj ustment  for kidney failure. 

In  our  case,  t he  e l evat ed  accep t ance of  t he 
recommendat ions (88.6%),  was probably because the oral 
and writ ten reports were combined. Also, each pat ient  was 
individual ly evaluated t aking int o account  t he reason for 
prescribing the drug, as well as the severity of the infect ion 
in t he cases when ant ibiot ics were used.  The elevat ed 
percentage of dosage adj ustment  could also be due to the 
f act  t hat  t hi s st udy onl y i nt ervened on drugs where 
informat ion in scient if ic literature is available from specif ic 
recommendat ions on dosage for kidney failure.  The drugs 
that  must  be used with precaut ion with kidney disease were 
excluded.  In ot her st udies,  t he recommendat ions were 
accept ed in 63.9%, 74%, and 75%14-16 of  t he cases,  but  no 
previous data is available regarding the implementat ion of a 
computer programme. 

In t he period of  cont rol ,  t he proport ion of  inadequat e 
dosage is lower than that  obtained in other studies,9 which 
could be due t o t he fact  t hat  t he environment  where t he 
st udy was car r ied out ,  a general  hospi t al  t hat  has a 
nephrology department .  Therefore,  greater compliance is 
expected with the dosage guides if  the prescript ion is done 
by a nephrologist ,  given that  t hey are special ist s t hat  are 
highly aware of  t he need t o adj ust  medicat ions t o t he 
degree of kidney disease. 

The pharmaceut i cal  i nt ervent i on programme was 
eff icient , with economic savings of a total of 1939.63 euros 
in a 2 mont h period,  t hat  is,  t he direct  cost  avoided,  by 
adj ust ing doses in t hese pat ient s,  would be 2.6 euros per 
drug and day of  t reat ment .  The magnit ude of  savings is 
probably greater, given that  the costs have been calculated 
exclusively as the costs to acquire the drugs and the costs 
for the health professionals involved was not  included (for 
example, t ime that  nurses used administering drugs) nor the 
costs related with the potent ial adverse effects that  would 
be produced as a consequence of not  correct ly adj ust ing the 
doses. One of the limitat ions of the study is that  no follow-
up has been carried out  regarding the side effects in pat ients 
in order t o calculat e i f  t he reduct ion in t he inadequat e 
dosage also produces a decrease in them. 

One of the st rong points of  the study is that  follow-up is 
carried out  on all of the pat ients once they are included in 
the study and this is very important  given that  renal funct ion 
can vary, meaning that  when the dose of a drug is adj usted, 
we could be under-dosing the pat ients if  their renal funct ion 
later improves. The study by Cantu et  al,8 with 169 pat ients 
with kidney disease, detected an improvement  in 29% of the 
pat ients. 

In our study, to est imate the renal funct ion, the glomerular 
f i l t rat i on rat e (GFR) was used,  cal cul at ed f rom t he 
abbreviat ed MDRD equat ion, 17 whi le in ot her previous 
studies, the Cockcrof-Gault  equat ion (C-G)18 was used. The 

Table 5 Dist ribut ion by percentages of the diverse 
intervent ions to opt imise dosage in the intervent ion group 
(n=35)

   Intervent ion Drugs, n (%) 95% CI

Dose adj ustment 22 (62.9) 44.9-78.5
Modify dose interval 10 (28.6) 14.6-46.3
Dose and interval 3 (8.6) 1.8-23.1

Table 6 Comparison of costs (costs avoided) in the intervent ion group (n=35)

 Cost  of drugs True cost , euros Average (SD) Difference of costs (cost  avoided, euros)

Cost  without  intervent ion, euros 3037.93 97.99 (158.1) 62.56 (95% CI, 23.99-101.14 euros);  
P=.02Coste real, euros 1098.3 35.43 (62.66)

CI indicates conidence interval; SD, standard deviation.
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greatest  inconvenience of the C-G equat ion radiates in that  
the exact  body weight  of the pat ients is not  always known, 
and t herefore t he Nat ional  Kidney Foundat ion K/ DOQI12 
established the MDRD as a recommended method to est imate 
renal funct ion.

Bl ix et  al , 7 in a recent ly publ ished st udy,  also used t he 
MDRD and,  also,  in a subgroup of  pat ient s of  which t hey 
possessed t he weight ,  t hey calculat e t he GFR using bot h 
formulas,  without  f inding dif ferences in the magnitude of 
pat ients with CKD.

However, the applicat ion of the MDRD equat ion could be 
an important  l imitat ion of the study, taking into account  a 
st udy19 publ ished recent l y where bot h f ormulas were 
compared for t he dosage of  ant ibiot ics and t hey found 
dif ferences in 25% of  t he pat ient s.  Al t hough t he cl inical 
signif icance is unknown for t hese result s,  given t hat  t he 
maj orit y of  recommendat ions for adj ustment  of  dosage of 
drugs wit h renal  r isk have been t aken f rom st udies t hat  
appl ied t he C-G formula as t he met hod t o calculat e t he 
creat inine clearance, current ly,  the generalised use of the 
MDRD cannot  be recommended unt i l  more st udies are 
carried out .

Nonetheless,  t he MDRD should be applied for screening 
and select ion of  pat ient s and t he C-G formula should be 
reserved for t he select ions of  t he dosage schedule that  is 
more appropriate for the pat ients.

In t he evaluat ion of  t he t reat ment ,  moderat e Kidney 
failure (GFR 60-90 mL/ min/ 1.73 m2) is considered normal 
renal funct ion, given that  it  does not  affect  the metabolism 
and t he el iminat ion of  drugs in a cl inical ly signi f icant  
manner. 

Other authors and ourselves6,7,14,20-22 we have considered a 
GFR<50-60 mL/ min/ 1.73 m2 to ident ify pat ients with kidney 
disease that  require dosage adj ustments.

The results of this study indicate that  renal dysfunct ion in 
a considerable number of  pat ient s is not  considered in 
medical  prescr ipt ions,  which l eads t o excessive and 
avoidable costs,  as well as a risk of  adverse ef fect s.  Also, 
t hese pharmaceut ical  int ervent ion programmes are wel l 
accepted by t he prescribing physicians and t hey improve 
dosage adj ustment , for which they should be used in clinical 
pract ice. 

Our analysis in pat ient s wit h kidney disease shows t he 
import ance of  t he int erdiscipl inary col laborat ion of  t he 
pharmacist  and t he nephrol ogi st  i n t he t herapeut i c 
opt imisat ion of  t he pat ient  wit h CKD,  t hat  may be very 
helpful to the team that  cares for the pat ient  and to improve 
the quality of care provided. 

More studies are needed so that  they could also measure 
the adverse ef fects to demonst rate if  t he improvement  in 
t he dosage adj ustment  (intermediate result ) corresponds 
with health results, as well as the development  of working 
t ools and comput er appl icat ions t hat  help in t he cl inical 
pract i ce of  prescr i bi ng,  t oget her  wi t h educat i onal 
programmes. 
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