
FROM CHEMOTHERAPY ERRORS TO FROM CHEMOTHERAPY ERRORS TO 
COMPUTERIZED PRESCRIPTION IN AN COMPUTERIZED PRESCRIPTION IN AN 

ONCOLOGIC NETWORKONCOLOGIC NETWORK

Giorgio   Giorgio   CrucianiCruciani

Ravenna (Italy)Ravenna (Italy)

e-Oncology
A bi-lateral Italy-UK Workshop

Monday 27 October 2008



MEDICATION      ERROR

�� AnyAny preventablepreventableeventevent thatthat maymay cause or cause or leadlead toto inappropriate inappropriate 
medicationmedication useuseor or patientpatient harmharm

�� Can Can occuroccur whenwhen the the medicationmedication isis in the control of the in the control of the patientpatient, the , the 
consumer or the consumer or the healthhealth care care professionalprofessional

�� LeadLead toto preventablepreventableadverseadverseeffectseffects

1) 1) NegligibleNegligible adverseadverseeffectseffectscausedcausedbyby negligencenegligence

2) 2) ImpliesImplies the care provider the care provider diddid notnot meetmeet the standard of the standard of 

care care thatthat couldcould reasonablyreasonablybebe providedprovided byby a standard a standard 

provider provider 



ATTENTION TO MEDICAL 
ERRORS
�� IOM IOM estimatesestimates44000  44000  toto 98000 98000 AmericansAmericans diedie annuallyannually due due toto

medicalmedical errorserrors

�� FatalFatal errorserrors risingrising 257% 257% fromfrom 1983  1983  toto 19931993

�� OccurOccur in 2in 2--14 % of 14 % of inpatientsinpatients

�� IncidenceIncidence in in outpatientsoutpatients unknownunknown (more (more likelylikely toto diedie fromfrom
medicationmedication errorserrors 1/131 1/131 outpatientsoutpatients vs  1/854 vs  1/854 inpatientsinpatients))



CHEMOTHERAPY ERRORS

�� AugryAugry etet alal

ProspectiveProspectiveevaluationevaluation of 5000 of 5000 chemotherapychemotherapyordersorders

Error rate : 1,7 % Error rate : 1,7 % incorrectincorrect ; 1,2 % incomplete; 1,2 % incomplete

10 % severe or 10 % severe or potentiallypotentially fatalfatal ; 46 % minimal ; 46 % minimal riskrisk

�� FavierFavier etet alal

ProspectiveProspectiveevaluationevaluation of 2819 of 2819 chemotherapychemotherapyordersorders

3% 3% incorrectincorrect dose ; 16% dose ; 16% incorrectincorrect drugdrug preparationpreparation

instructionsinstructions



CHEMOTHERAPY ERRORS

ShulmeisterShulmeister
surveysurveyof 186 of 186 oncologyoncologynursesnurses
63% 63% reportedreportedchemotherapychemotherapymedicationmedicationerror at error at theirtheir
workplaceworkplaceduringduringpreviouspreviousyearyear
Common Common errorserrors:  wrong dose (39%) ; wrong :  wrong dose (39%) ; wrong 
administrationadministrationtime(21%) ; wrong time(21%) ; wrong drugdrug(18%) ; wrong (18%) ; wrong 
patientpatient(14%)(14%)

Impact of Impact of chemotherapychemotherapyerrorserrors
67%  no 67%  no injuryinjury
22% 22% medicalmedicalinterventionintervention; 10% ; 10% prolongedprolongedhospitalizationhospitalization



CHEMOTHERAPY DOSING ERRORS

�� ABBREVIATIONSABBREVIATIONS

�� TOTAL DOSE GIVEN DAILYTOTAL DOSE GIVEN DAILY

�� DECIMAL ERRORSDECIMAL ERRORS

�� TRAILING ZEROSTRAILING ZEROS

�� INCORRECT UNITS (INCORRECT UNITS ( mcgmcg VsVs mg)mg)

�� ROUTE OF ADMINISTRATIONROUTE OF ADMINISTRATION

�� LACK OF PATIENT UNDERSTANDINGLACK OF PATIENT UNDERSTANDING

�� CHEMOTHERAPY NAME SIMILARITIESCHEMOTHERAPY NAME SIMILARITIES



CONTRIBUTING FACTORS

�� FATIGUEFATIGUE

�� ILLEGIBLE HANDWRITINGILLEGIBLE HANDWRITING

�� LACK OF AVAILABLE INFORMATION LACK OF AVAILABLE INFORMATION 
RESOURCESRESOURCES

�� LITTLE TRAINING OF HEALTH CARE LITTLE TRAINING OF HEALTH CARE 
PRACTITIONERSPRACTITIONERS



EXAMPLES OF ONCOLOGY MEDICATION 
ERRORS

�� CISPLATIN INSTEAD OF CARBOPLATINCISPLATIN INSTEAD OF CARBOPLATIN

�� TOTAL COURSE DOSE ADMINISTERED DAILYTOTAL COURSE DOSE ADMINISTERED DAILY

�� PUBLISHED DOSES THAT ARE INCORRECTPUBLISHED DOSES THAT ARE INCORRECT

�� NAME SIMILARITIESNAME SIMILARITIES

�� PACKAGING AND LABELINGPACKAGING AND LABELING

�� WRONG ROUTEWRONG ROUTE

�� LACK OF PATIENT UNDERSTANDINGLACK OF PATIENT UNDERSTANDING



EXAMPLES OF ONCOLOGY MEDICATION 
ERRORS

�� UNCLEAR ORAL ORDERS (ex. UNCLEAR ORAL ORDERS (ex. GiveGive vinblastinevinblastine 15 mg over 5 15 mg over 5 
daysdays.  .  PatientPatient givengiven 15mg/day 15mg/day insteadinsteadof 3mg/day)of 3mg/day)

�� TRAILING ZERO (ex. TRAILING ZERO (ex. VincristineVincristine 2.0 mg 2.0 mg interpretedinterpreted asas20 mg 20 mg 
leadlead toto fatalityfatality in 1 in 1 institutioninstitution ))

�� McgMcg versus  mgversus  mg

�� MISSING ANTIDOTES  (ex. MISSING ANTIDOTES  (ex. SodiumSodium thiosulfatethiosulfate withwith
intraperitonealintraperitoneal cisplatincisplatin ;   ;   LeucovorinLeucovorin withwith highhigh--dosedose
methotrexatemethotrexate; ; MesnaMesnaafter after IfosfamideIfosfamide))

�� INADVERTENT PREPARATION ERRORSINADVERTENT PREPARATION ERRORS



STEPS  TO  PREVENTION

�� ORDERINGORDERING

�� STORAGE (STORAGE (looklook--alikealike itemsitems awayaway fromfrom eacheachotherother))

�� TRAININGTRAINING

1)1) residentsresidentsand and fellowsfellows lesslesslikelylikely toto makemake a a prescribingprescribing

2)  error 2)  error withwith chemotherapychemotherapy((doubledouble--checkchecksystem)system)

3)  3)  nonnon--hematologyhematology--oncologyoncologyattendingattending physiciansphysiciansprescribingprescribing

chemotherapychemotherapy

�� PREPRINTED or COMPUTERIZED ORDERSPREPRINTED or COMPUTERIZED ORDERS

clarificationclarification rate rate decreaseddecreasedfromfrom 51% 51% toto 6%6%

�� NO VERBAL ORDERS TO START CHEMOTHER.NO VERBAL ORDERS TO START CHEMOTHER.



STEPS  TO  PREVENTION

�� CLEAR LABELINGCLEAR LABELING

* * medicationmedication concentrationconcentration

* * syringesyringe volumevolume

* final dose* final dose

* * extemporaneousextemporaneous--preparedprepared syringessyringesforfor vincasvincas

�� ADEQUATE FACILITIES FOR PREPARATIONADEQUATE FACILITIES FOR PREPARATION

�� RECHECK THREE TIMES OF ORDER TO MEDICATIONRECHECK THREE TIMES OF ORDER TO MEDICATION

�� PATIENT EDUCATIONPATIENT EDUCATION
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Figure 1 Temporal evolution of the percentage of errors (open diamonds)

compared with the percentage of computerised prescriptions (solid squares). 

• The study was conducted in an 850-bed University Hospital Lausanne, Switzerland

• The effect of the system on prescribing errors was measured over 15 months before and 21 months
after starting computerised protocol prescription.

• Before computerisation 141 errors were recorded for 940 prescribed chemotherapy regimens
(15%)

• After introduction of CPOE system, 75 errors were reco rded for 1505 prescribed
chemotherapy regimens (5 %)



•60 prescription for chemotherapy treatment were included in this study
(30 computerised prescription; 30 manual prescription.)

• At least 1 error was detected in 100% of the manual prescription and in 13 %  
of  the computerised ones (p < 0.001)

• MEDIAN ERROR per computerised prescription: 0 (range: 0-1)
• MEDIAN ERROR per manual prescription: 5 (range 1-12) (p 0.001)
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SURGERY

DH/ADMISSION

CHEMOTHERAPY PRESCRIPTION

PHARMACY
VALIDATION THERAPY 
PACKAGING THERAPY
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Check by BAR CODE

- Patient’s name

- IP identity

- treatment protocol

- drug name

- dosage

- sequence

- type of infusion solutions

- duration of infusion

- bed turnover 



STANDARDISATION 
OF THERAPY PROTOCOL

COMPUTERISED 
PRESCRIPTION 

CHEMOTHERAPY

CHECK AND VALIDATION OF 
PRESCRIPTION

BY PHARMACY STAFF

QUALITY CHECK ON CHEMOTHERAPY QUALITY CHECK ON CHEMOTHERAPY 
PRESCRIPTION PRESCRIPTION 

CENTRALISED CHEMOTHERAPY 
PREPARATION

CHECKED ADMINISTRATION 
OF THERAPY
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Drug name 
Area Vasta: 
consuption 

(mg)

Cost of  
drugs   
mg (€)

Cost of 
drugs  
Area 
Vasta

% Cost 
recovera
ble cost 

AV

Alimta 500mg fl 56.000 2,524 141.344 18%
Avastin 100mg fl; 
400mg fl 3.800 3,148 11.962 25%

Erbitux 100mg fl 52.700 2,982 157.151 18%
Herceptin 150mg fl 88.650 4,461 395.468 17%
Herceptin L.648 
150mg fl 12.750 3,66 46.665 17%
Mabthera 100mg fl; 
500mg fl 83.700 2,918 244.237 10%

Velcade 3,5 mg fl 298 335,127 99.868 59%
Totale I trimestre 1.096.695 20%
Proiezione 1anno 4.386.780 20%

•Patient standard with body surface = 1,7 mq (height =163 cm ; weight= 64kg)

Ausl Forlì: Dipartimento di Oncologia e Laboratorio di Farmacia Oncologica



ELECTRONIC NETWORKELECTRONIC NETWORK

ONCOLOGY

PREVENTION DAY 
HOSPITAL

VISITING 
ROOMS Reception

WARD

HOSPICE

Family 
Bureau

Family Doctor

Patients’
Registry Office

Reservation

Office (CUP)

Radiology

Analysis
LaboratoryOncologic Drug

Laboratory

Pathologic
Anatomy

Radiotherapy

Pharmacy

Oncological Home Care

Biological Laboratory

Electronic Health Records



AIMSAIMS

BEST RESEARCH
� Outcome research
� Clinical epidemiology studies
� Experimental research

BEST CARE
� Online availability of all clinical data
� Optimal time management
� Reduction in errors
� Standardization of procedures
� Appropriateness of prescriptions

Electronic Health Records



Electronic Health Records

BEST CARE

Patient

Doctor
Nurse

Pharmacist



Electronic Health Record
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Electronic Health Records

Surgical
operation

Diagnostic
Procedures

Kind of 
surgery

Biological factors

ANAMNESIS DATA ENTRYANAMNESIS DATA ENTRY

Family
Occupational

Physiologic
Allergy

Remote
General Oncologic

Recent
General Oncologic

Primary Tumor Site
Histology

Tumor Grading

Staging

Site of metastases

Previous
Chemo

therapies



Electronic Health Records

pdf. ANAMNESISpdf. ANAMNESIS

Recent Oncologic Anamnesis

Primary Tumor Site

Diagnostic procedures

Surgical operation

Histology

Kind of Surgery

Days of starting
and of stopping
chemotherapy

TNM staging

Kind of chemotherapy

Other medical treatments

Tumor markers

Response to
treatments

Sites of disease
progression



Electronic Health Records

DAILY DIARY  DATA ENTRYDAILY DIARY  DATA ENTRY

Free field for writing

Day and time of writing diary Patient’s name Doctor’s name

Encoded fields

Window with
encoded data

Window with legenda 
for encoded data

Performance 
status Objective response

to treatments

Sites of 
progression
disease

Change of
treatments



Electronic Health Records

LINK  TO THE OTHER DEPARTMENTSLINK  TO THE OTHER DEPARTMENTS

Other departments

Patient’s
civil code

Day of the last 
admission

Number of admissions

Keys for viewing medical reports



Electronic Health Records

pdf. MEDICAL REPORT pdf. MEDICAL REPORT 

Name of the Hospital 
and  of the Department

Patient’s personal data

Medical report



Electronic Health Records

ONLINE IMAGING 



Electronic Health Records

TREATMENT PLAN 

Free field for notes

Patient’s hight, weight, body surface

pt’s nameTumor site

Therapy information:
Setting: i.e. advanced
Line: i.e. first
Regimen name
Starting date
Cycle duration Unit where

therapy is
administered

Change day of 
treatment 
administration

Day of 
treatment 
interruption

Add cycle
of therapy

Calendar of the planned treatment Key for reporting adverse events



Order of 
administration
somministrazio
ne Solvent

Standard dose 

Dose according to sqm

Electronic Health Records

TREAMENT DETAILS 

Drugs

Rate of dose reduction

Time of 
administration



Nurse identification Patient
identification

Drug identification

Electronic Health Records

CHEMOTHERAPY ADMINISTRATION 



PLANNING

Electronic Health Records

Sum of minutes of treatments
Red: no more free places

Days Bed occupancy on the basis of treatment duration
B: short; M: medium; L: long



Partnership between informatic and clinic

• The partnership between IRST and Log 80 is well-established and it
is addressed to the shared and co-ordinated search and 
experimentation of new technologies in order to improve patient
services.

• IRST and Log 80 believe that Information Technology represents the 
main support in the health field for the research of procedures aiming
at:

1. Improving the quality of patient care;
2. Improving the processes of clinical risk management;
3. Optimizing resources (waste reduction, better use of the staff);



The software

• The Oncological Computerized Medical Record is the result of the 
close cooperation among I.R.S.T., A.U.S.L. of Forlì and Log80.

• IRST is the software trade license and know-how holder.

• Log 80 plays the role of technical support for development, application
maintenance and consulting for research and development of new 
technologies.



• It is thanks to the creation of a permanent team work of health and 
IT professionals that over time has led to the development of:

The results of IRST-Log80 partnership

COMPUTERIZED MEDICAL RECORD

that, we consider the application core aggregator



Present installations

• AUSL Forlì

• AUSL Cesena
• AUSL Lanciano Vasto

• AUSL Ferrara

• AUSL Ravenna
• AUSL Rimini

• Az. Univ. Osp. Bologna S. 

Orsola
• Az. Univ. Osp. Ferrara S. 

Anna

• Az.Osp. Genova S. Martino
• Az. Univ. Osp. Parma

• Az. Univ. Osp. Siena

• Az.Osp. Trento S.Anna
• I.R.S.T. - Istituto Romagnolo

Studio Tumori

I

N

S

T

A

L

L

E

D

Next installations

• Az. Univ. Osp. Firenze Careggi

• Az. Univ. Osp. Torino Molinette
• Ospedale Sacro Cuore Negrar

(VR)�

• Az. Univ. Osp. Napoli Cardarelli
• Ospedale S. Marino



Project of a superordinate level of 
cooperation for an Oncological Network



Use of Open Source tools to implement its projects.

Server using LAMP platform (Linux,Apache,MySql,Php)
Linux RedHat / CentOS (64bit)
Apache 2.2.x
MySQL 5.0.x
PHP 5.2.x

Developing environment:
Javascript
Ajax
Editor PHP and  XML

Log80 technological choices



Integrations
DBMS

Oracle - Oracle ©
Microsoft - SQL server ©
Sun - MySQL ©

Web Services
SOAP 1.1 and 1.2 support, WSDL 1.1
XML-HL7

Device - File
file .TXT and  .XML (ex. Philips © – TraceMaster ©)�
FreePDF

Digital Signature – Digital Sign Server ©
Tomcat 5.5.x
Sun JDK ©



- Clinical system users:
- Physicians, Pharmacists, Nurses, Data managers;
- Laboratory technicians;
- Health workers;
- Persons involved in technical services;
- Persons in charge of health logistics;
- Persons in charge of the administration and  Management Control.

- Personal Computers (MS Windows XP prof.) and Tablet PC (XP Tablet PC);
- Palmtops (Ms Windows CE);

- Connections through Gigabit technology and fiber optic for Centre LAN 
infrastructures;
- Wireless network coverage through 802.11g protocol in areas with health 
workers who need to use mobile devices (physicians, nurses, staff in charge 
of handling people and things).

Users and tools



Oncological computerized medical
record

• The software supports care process during all the phases (access to
service, prescription, preparation, administration, data management) 
by integrating all different aspects concerning data quality and 
process safety and by managing the logistic components at the 
same time.

• All professionals have at their disposal their own working 
environment (hardware and software) that is integrated and meets
their own operational needs (tablet, pc, palm, integration towards
specific environments).



Constant software development

• The development process of the application is constant and it is
bolstered by the daily relation between IRST and Log80 IT experts 
searching for technical and organizational solutions allowing to
further improve the technology support purpose while carrying out 
the daily clinical activity.



Log80 present subjects of research

• Use of digital signature

• Tag RFID for temperature monitoring

• Geolocalization systems via SMS

• Robots for preparing antiblastic drugs



MULTIDISCIPLINARY WORKING GROUP

Frequent review of the Electronic Health

Records in order to :

- improve their use in daily clinical practice

- update the inter- and intradepartmental

network

- guarantee patient safety in relation to
medical, pharmaceutical and nursing
activities

- improve the data analysis system

Data Manager
Pharmacist

Statistician

Computer 
Scientist

Biologist

Doctor

Electronic Health Record



Electronic Health Records

ROMAGNA ONCOLOGY NETWORKROMAGNA ONCOLOGY NETWORK

AUSL 
Ravenna

IRST
AUSL 
Cesena

AUSL
Rimini

AUSL 
Forlì

Population
1,034,124
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