
 Overview on Laboratory 

Errors and Potential 

Implications for Clinical 

Trials 
 
 

Giuseppe Lippi, Verona, Italy 
Secretary of the European Federation of Laboratory Medicine (EFLM) 



Medical error: definition 

1. Failure of a planned action to be completed as 
intended (an error of execution) or the use of a 
wrong plan to achieve an aim (an error of 
planning). 

2. An unintended act (either of omission or 
commission) or one that does not achieve its 
intended outcome. 

3. Deviations from the process of care, which may 
or may not cause harm to the patient. 



National Academy of Sciences  

INSTITUTE OF MEDICINE - 1999 

To Err is Human: Building a Safer Health 

System 

From 44.000 to 98.000 US Americans die each 
year for errors occurring during hospital stay. 

Altogether, medical errors account for more 
death than road accidents, plane crashes, 
suicides and poisonings. 

 



Killer Care: How Medical Error Became America’s 

Third Largest Cause of Death, and What Can Be 

Done About It. Lieber JB, OR Books, 2015. 



LABORATORY MEDICINE KEYNOTES 

 

• Laboratory medicine is defined as a science devoted to 

generate clinically useful information by analyzing the 

concentration, composition and/or structure of analytes in 

biological fluids  

 

• Laboratory diagnostics is now providing an almost 

invaluable contribution to the clinical decision making. 

 

• It is now incontestable that many clinical diagnoses cannot 

be made without laboratory data.  



Well, after checking all your test results, I can 

unquestionably conclude that your problem is 

that you are pregnant! 

Do we make errors in clinical 

laboratories? 



Laboratory error: definition 

 

A defect occurring at any part of the 
laboratory cycle, from ordering tests 

to reporting results and appropriately 
interpreting and reacting to these 



Specialities   Frequency   Six-sigma SD 

          
Radiology   4%   3.25 

          
Pathology   5%   3.14 

          
Ecography   0.8%   3.91 

          
Laboratory   0.3%   4.24 

          
Luggage lost in airport   0.6%   4.03 
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A clinical perspective... 



An economic perspective... 
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An organizational perspective... 

Give me 

the data! 









LABORATORY ERRORS 

The “hourglass” model 

Within-Laboratory ~10% 

 

Extra-Laboratory ~90% 





Clinical trials are 

conventionally defined as 

studies:  

- carried out in clinical research 

- involving human participants 

- designed to answer specific 

questions about biomedical or 

behavioral interventions  

- focused on new treatments 

such as drugs, vaccines, dietary 

choices and supplements, 

changes in life styles, medical 

devices and biomarkers.  



Probability  

of success 



Overall success is always <1/3 of all clinical trials 



The attrition rate for AD treatment is 

high, with 72% of agents failing in Phase 

1, 92% failing in Phase 2, and 98% 

failing in Phase 3 in the period observed, 

leading to an overall  99.6% failure. 



Laboratory medicine in clinical trials  

 

Laboratory diagnostics plays a foremost role in clinical studies, 

since it is basically used for: 

 • Establishing inclusion and exclusion criteria 

 • Determining baseline parameters 

 • Monitoring the safety of the participants 

 • Demonstrating efficacy of investigational product(s) 



Laboratory medicine in clinical trials  

 

There is now widespread recognition of the fact 

that many promising treatments or biomarkers 

are “lost in translation” on their route from 

basic research to routine practice due to 

unwarranted bias emerging from analytical and 

especially extra-analytical activities.  



A simple question emerges looking at this data…. 

How much of this failure rate is 

attributable to laboratory errors? 



RESULTS: Overall, good results were observed. 

However, discordances between the reference and 

site laboratories were identified for HIV and CT/NG 

results. One particular site experienced difficulties 

with HIV rapid testing shortly after study initiation. At 

all sites, DNA contamination was identified as a cause 

of invalid CT/NG results.  





There is a serious concern regarding reliability and 

reproducibility of results because of sample 

handling; preanalytical variability may influence 

profiles of some biomarkers. Therefore, the most 

feasible and standardized collection procedures 

should be established. 





And what about appropriateness 

of test scheduling in clinical trials? 

Test ordering 

Most (if not all) trials are still based on old 

and obsolete tests, such as   

- Urinary β-HCG for suspected pregnancy 

- CK-MB for ruling out ACS 

- Etc… 

Some of these steps are 

HIGHLY SPECIFIC in clinical 

trials 









    Development of a multifaceted risk 

    management strategy to enhance quality 

    in the total testing process 
  

1. Systematic analysis of workflows and bottlenecks in the system: 

• Elimination or redesign of flawed/mishandled procedures 

• Identification of solutions to suit local circumstances. 

2. Do not blame individuals. 

3. Continues process monitoring through development and implementation 

of suitable “error tracking systems”. 

4. Continuous education through reliable recommendations, improved 

communication, interpretive rounds within and outside the laboratory. 

5. Definition and implementation of representative quality indicators and 

outcome measures. 



• Are there precise procedures for specimen collection?  

• Is there unique identification of the patient/ the specimen?  

• Date and time of collection are recorded?  

• Is the type of specimen clearly defined?  

• Which are the investigations requested?  

• Are there procedures for specimen transport?  

• Have date and time of receipt been recorded?  

• Has clinical information been provided?  

Leading “preanalytical” issues in clinical trials 







CHECKLIST STRUCTURE 

 BRIEF 

 EASY TO READ 

 PRECISE 

 EFFICIENT 

 TO THE POINT  

 EASY TO USE 

 PROVIDE REMINDERS 

A GOOD 
CHECKLIST MUST 

BE PRACTICAL! 

http://www.google.it/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCN7Ps7y6jMcCFcNdLAodlPwKZA&url=http%3A%2F%2Fwww.legalhie.com%2Fhipaa-goes-hitech----what-do-i-need-to-do-to-comply-with-the-omnibus-rule-just-tell-me-just-i-need-t%2F&ei=JSG_VZ6pOMO7sQGU-augBg&bvm=bv.99261572,d.bGg&psig=AFQjCNFvdnPXegPNuDWA4ws9curZ9iJGgQ&ust=1438675415099698


 THE PHLEBOTOMY CHECKLIST 

N. ITEM  

1) Are you wearing personal protective equipment (ppe)? 

2) Has the patient remained seated for not less than 5 min? 

3) Did you check the identity of the patient? 

4) Did you check that the identity of the patient matches the blood tubes labels? 

5) Did you label blood tubes before venipuncture? 

6) Did you prepare all the necessary material before blood drawing? 

7) Did you assemble the blood collection device? 

8) Did you apply the tourniquet for less than 2 min? 

9) Did you avoid to insist in case of difficult venipuncture? 

10) Did you fill blood tubes at their nominal volume? 

11) Did you gently mix blood tubes after collection (at least 4-6 times)? 

12) Did you safely discard potentially infectious material? 



An observational study was planned to verify whether the implementation of 

the phlebotomy checklist in different phlebotomy centers (i.e., outpatient 

clinics) and emergency departments may be really effective to reduce 

preanalytical errors during venous blood collection. 

CHARACTERISTICS OF THE ITALIAN MULTICENTER OBSERVATIONAL STUDY 

7 Phlebotomy Centers  
Desenzano del Garda General Hospital, Padova University Hospital, Parma 
University Hospital, Pordenone General Hospital, Trento General Hospital, 
Verona University Hospital and Verona General Hospital 

4 Emergency Departments 
Desenzano del Garda General Hospital, Parma University Hospital, 
Pordenone General Hospital and Trento General Hospital 

2 Observational periods of 
3 months each 

June-August 2014 without phlebotomy checklist 
September-November 2014 with phlebotomy checklist 

Period of training 
Personnel was appropriately trained about the content of the phlebotomy 
checklist, and asked to follow the items before each venipuncture 

Blood collection device All centers used the same type of blood collection device 

OBSERVATIONAL STUDY 



In agreement with recent recommendations, the following 
preanalytical quality indicators were monitored throughout the 
two study periods: 

PREANALYTICAL  QUALITY INDICATORS 

1) identification errors 

2) samples received in inappropriate containers (i.e., wrong 
blood tube) 

3) blood tubes inappropriately filled (for sodium citrate 
blood tubes) 

4) hemolyzed samples (for clinical chemistry testing) 

5) clotted samples (for EDTA and sodium citrate blood tubes) 

PREANALITYCAL QUALITY INDICATORS 



After the introduction of the phlebotomy checklist: 
• the rate of preanalytical errors was found to be significantly decreased in 

phlebotomy centers (0.04% versus 0.05%, p=0.001; OR, 0.77 and 95% CI, 
0.66-0.90), but remained virtually unchanged in emergency departments 
(0.83% versus 0.82%; p=0.841; OR, 1.01 and 95% CI, 0.95-1.07); 

• a significant decrease of errors was achieved for identification errors and 
clotted specimens in both phlebotomy centers and emergency 
departments; but a significant reduction of hemolysis was noticed in 
phlebotomy centers alone; 

• overall, the risk of identification errors was reduced by approximately 
70% (OR, 0.31 to 0.34), and clotted specimens decreased by more than 
30% (OR, 0.55 to 0.69). 

RESULTS 



Methods. Implementation of a Check list (CL) on blood collection procedures 

in 3 outpatients phlebotomy sites involving 25 physicians and 15 nurses for 1 

month.  

Results: The percentage of points filled were respectively: 

• 100% patient identification 

• 100% label-sample-identification matching 

• 58-78% vein selection 

• 97-98% needle selection 

• 83-91% tourniquet application time 

• 98-99% tubes filling 

• 97-99% tubes mixing 

• 1-33% sample transport 

Conclusions: The CL is a support tool to prevent and reduce procedural 

errors, in order to ensure the patient safety. 






