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All healthcare should be safe, effective, patient-centered, 
timely, efficient, and equitable.1 The Institute of 
Medicine’s (IOM) recommendations for improving 

healthcare quality create significant opportunities for 
medical laboratory professionals to improve patients’ 
outcomes and to illustrate the quality of medical 
laboratory testing services to others. 
 
Safe Laboratory Services 
Medical laboratory services should provide care that 
improves patient outcomes. Errors or defects can occur 
at any step of the laboratory testing process. The 
majority of errors are identified in the pre-analytic (46.0 
– 68.2%) and post-analytic (18.5 – 47.0%)2 phases. 
Error rate benchmarks are difficult to calculate because 
no standard mechanism exists to report errors for any 
phase of laboratory testing. Studies have reported error 
rate metrics as errors per sample,3 per analyses,4 per 
requisition5 and per billable test.6 Nonetheless, mea-
suring error rates, followed by process or technology 
enhancements, ameliorates system problems, improves 
the total testing process (TTP), and enhances patient 
outcomes.3,4, 7 
 
The first and last steps in the TTP, ‘selecting the correct 
test to perform’ and ‘accurately interpreting test results’ 
are at the greatest risk for errors.8 Guidelines for test 
selection and reflexive testing protocols reduces the 
number of test ordering errors by decreasing 
unnecessary and ineffective test utilization.9 Examples of 
effective use of reflexive testing includes performing 
factor assays if a mixing study indicates a possible factor 
deficiency; performing antibody identification following 
a positive antibody screen in transfusion services; and 
performing a thyroxine (T4) if the thyroid stimulating 
hormone (TSH) is greater than an established 
threshold.9 
 
An estimated 5% of medical errors are related to 
misinterpretation of laboratory test results.10 
Interpretation of many laboratory tests requires more 
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information than a quantitative value and its place 
within a reference range. Often clinicians need an 
explanation. Laboratory-supplied interpretations of test 
results provide valuable information for the clinician 
particularly for new or complex tests such as special 
coagulation, serum protein electrophoresis and for 
circumstances related to specimen integrity.11 Special 
coagulation test interpretations reduced misdiagnosis 
and improved timeliness for diagnosis in approximately 
75% of cases.12 Another area that creates confusion 
when interpreting test results occurs when comments 
are attached indicating compromised specimen 
integrity. Only 30% of residents were confident 
interpreting test results reported with comments 
regarding the presence of hemolysis.13  
 
Improving the safety of laboratory testing services 
requires using a consistent data collection metric and 
focusing upon the first and last steps of the TTP. 
Laboratory professionals need to collaborate with 
clinicians to develop testing protocols and encourage 
requests for interpretations. 
 
Effective Laboratory Services 
Effectiveness is a fundamental healthcare delivery 
system requirement, and evidence is critical to establish 
appropriate use of laboratory tests. Measuring 
effectiveness of medical laboratory services is 
complicated by the varied test purposes: screening, 
diagnosis, prognosis, and monitoring of treatment. 
Characteristics of laboratory tests differ in sensitivity, 
specificity, and positive and negative predictive 
values.14Although each TTP step is important, the first 
‘selecting the correct test to perform’ and the last 
‘accurately interpreting test results’ are the most critical 
to ensure effective laboratory services. 
 
Improving effectiveness requires more than identifying 
which laboratory test or testing protocol best identifies a 
condition or monitors therapy; it also requires 
understanding how to effectively implement the 
protocol for its use in diverse healthcare settings. 
Evidence-based medicine (EBM) identifies best 
practices for providing medical care. Best practices, also 
called practice guidelines, are based upon scientific 
evidence, and developed by professional associations, 
accrediting organizations and government-sponsored 

groups. Successful implementation of best practices in 
healthcare settings requires evidence-based management 
(EBMgt) that addresses organizational structure, human 
behaviors and change management.15 EBMgt examines 
features of organizations that influence how care is 
delivered using principles from social and behavioral 
sciences and health services research. These factors and 
employing EBMgt principles are critical components of 
using quality improvement processes, such as PDSA 
(plan-do-study-act). 16 
 
Employing EBM and EBMgt for highly prevalent 
conditions can demonstrate effectiveness using a process 
improvement model. The American Diabetes 
Association (ADA) recommends performing 
hemoglobin A1C (A1C) biannually for patients to meet 
treatment goals and quarterly for those who do not.17 
Managing patients with diabetes, a chronic disease, 
requires an infrastructure and procedures to monitor 
and follow patients over long periods of time. 
Information systems are a highly beneficial component 
of patient management infrastructures. An automated 
patient reminder protocol raised semiannual test 
compliance and maintained better glycemic control.18 
Important EBMgt principles to consider when 
implementing a project of this nature include size of the 
organization—large organizations often have greater 
access to technology; availability of established patient 
reminder programs—is the new program compatible 
with the established program; and adaptability to 
change—incentives for providers and patients to change 
behaviors. 
 
Identifying an appropriate testing and timing protocol 
for heparin therapy is another example of employing 
EBM and EBMgt principles to ensure effectiveness. 
Coagulation testing is essential for monitoring patients 
on standard-dose unfractionated heparin therapy in 
order to achieve therapeutic levels of anticoagulation 
and reduce risks of supratherapeutic levels that may lead 
to hemorrhage. One heparin monitoring protocol 
recommends all patients receive activated partial 
thromboplastin time (aPTT) testing within 12 hours of 
initiation of therapy, all patients receive platelet counts 
within 72 hours of therapy initiation, 90% of patients 
achieve therapeutic anticoagulation levels within 24 
hours and 75% of patients have no more than 1 
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supratherapeutic level of anticoagulation during the first 
72 hours of therapy.19 Implementing this type of 
protocol requires working together with clinicians, 
nurses and pharmacists to identify specific tests to be 
performed and their timing to monitor anticoagulation 
status, as well as their respective responsibilities. 
 
Patient-Centered Laboratory Services 
Respecting patient preferences, recognizing cultural 
differences and educating patients about medical 
laboratory tests is a primary component of providing 
patient-centered healthcare. Unlike many of the IOM 
recommendations for improving healthcare delivery, 
“patient-centered care is not a check-list, dashboard or 
an action plan.”20 It requires viewing the provision of 
laboratory services from the perspective of the patient 
while employing care that is safe and of high clinical 
quality. Patient-centered approach requires medical 
laboratory professionals to educate patients about 
laboratory tests ordered as part of their medical care. 
This can be accomplished by providing instructions to 
patients prior to specimen collection, such as fasting 
requirements for a lipid profile or glucose test21 and tips 
on how to care for the venipuncture site.22 Instruction 
may take place in a face-to-face format or by supplying 
instructional tools for laboratory practitioners, clinicians 
and nursing staff to distribute to patients.21-23 
Instructional and educational tools must be at an 
appropriate literacy level and in other languages for 
non-English speakers to be effective.23 Providing 
instructional materials to patients is appropriate patient-
centered care and quality medical laboratory services.  
 
Healthcare delivery needs a cultural transformation to 
become patient-centered.20 One method to become 
patient-centered is to use patients instead of specimens 
to measure laboratory productivity. Because laboratory 
productivity is based upon numbers of tests performed, 
it communicates what is valued. This is understandable 
given the reimbursement mechanism in place. However, 
without changing the reimbursement system, the 
number of patients served on a daily, weekly, or 
monthly basis can be monitored and shared with staff 
and administration. Two methods to do this are 
calculating the number of tests performed per patient 
encounter for the outpatient setting or number of 
laboratory tests performed per 1000 patient days. 

Timely Laboratory Services 
Improving patients’ lives requires laboratory test results 
to be performed and reported to clinicians in a 
timeframe that does not delay the next step in their care 
process. Timeliness or turnaround time (TAT) is not a 
new concept for laboratorians; its measurement is a 
significant component of quality assessment for medical 
laboratory services. However, no standard metric exists. 
Does it begin when a specimen is collected and end 
when the test result is reported?—a laboratory-centered 
focus. Or does it begin when the clinician orders the 
test and ends when action is taken by the clinician?—a 
patient-centered focus. Patient-centered care will be 
enhanced if timeliness is considered from the 
perspective of the entire healthcare system.  
 
Physicians  are often  dissatisfied with laboratory 
TAT.24, 25 Understanding and examining how labora-
tory timeliness impacts other healthcare services is 
important to improving quality. Timely laboratory test 
results are important for patients in surgery, intensive 
care units and emergency department (ED). 
Consequences of delayed or increased laboratory test 
TAT for the ED are longer patient wait times, delay in 
follow-up testing, ambulance diversion and patient 
dissatisfaction.26 Point-of-care testing (POCT) is 
frequently considered as an option to decrease 
laboratory testing TAT for the ED. Analytical modeling 
using simulations is a tool to examine implementing 
new programs, such as comparing a POCT program 
with existing medical laboratory services. Modeling uses 
actual data to predict outcomes based upon varying 
assumptions. For example, if POCT reduced ED 
laboratory TAT from 120 to 10 minutes, ED length of 
stay (LOS) would be reduced from 2.77 to 2.17 hours, 
an improvement of 26 minutes.26 However, if POCT 
reduced ED TAT from 60 minutes to 10 minutes, the 
reduction of ED LOS is only 0.1 hours, an 
improvement of 6 minutes.26 Other considerations may 
be factored into the simulation such as increasing the 
number of patients seen per day, or decreasing the 
number of patients diverted due to overcrowding in the 
ED. Simulation modeling is a viable analytical tool to 
examine options to improve processes in healthcare 
delivery, when used with institution data and 
quantitative assumptions. 
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Treatment delays often occur for discharged patients 
who have pending laboratory tests if there is no formal 
mechanism to communicate with the primary care 
physician.27,28 An examination of pending laboratory 
tests in two academic tertiary care centers revealed 41% 
of discharged patients had pending diagnostic tests, 
most of which were microbiological analyses.28 
Approximately 16% of all discharged patients had test 
results requiring clinician action. Solutions for this 
breakdown in the TTP require more than a laboratory 
process intervention. It requires examining the 
situation, by collecting data and then establishing an 
interdepartmental process improvement team to employ 
EBMt principles to identify and implement solutions. 
Possible solutions include identifying pending tests on 
discharge summaries and sending discharge summaries 
to primary care physicians.27  
 
Timely laboratory testing services is best considered 
from the perspective of the user of laboratory test 
information—the clinician and the recipient of the 
care—the patient. Laboratory professionals can improve 
timeliness of testing services by seeking opportunities to 
work with other healthcare professionals. 
 
Efficient Laboratory Services 
Efficient laboratory services avoid and reduce waste. 
Any process that must be repeated is inefficient. 
Mislabeled, unlabeled, and lost specimens are examples 
of inefficiency because each event requires recollecting 
the specimen—a waste of personnel time and supplies 
resulting in a delay of patient care. Specimens that are 
hemolyzed, clotted, or insufficient quantity also 
contribute to the inefficiency of laboratory services. 
These inefficiencies are identified as errors or defects in 
the laboratory testing process. Although most of these 
errors do not result in harm to the patient, their 
presence creates waste in the laboratory testing process 
which leads to increased costs and delays in patients’ 
care.29 

 

Measuring deviations in the steps of the TTP identifies 
opportunities to reduce waste. Error rates may be 
reported as a per label, percentage, per billable test or 
per specimen: 0.92 errors per 1000 labels,3 1.0% 
mislabeled samples,3 requisition mismatches (6.3%)3 
requisition mismatches and unlabeled 4.6%3 unlabeled 

samples, and 55 results reported for the wrong specimen 
per 1,000,000 billable tests.6 It is preferable to report all 
deviation in the TTP (pre-analytical, analytical, post-
analytical) in a consistent manner, i.e. using an identical 
denominator to compute error rates. Although defects 
identified in the analytical phase are different than those 
found in the post-analytic phase, using one 
denominator to compute error rates measures efficiency 
of the TTP. Error rates can be calculated for each of the 
three testing phases as well as for each step in the TTP. 
Categories of deviations may also be used for steps such 
as specimen collection in order to quantify specific 
deviations such as mislabeled and unlabeled specimens. 
Data such as error rates must also be linked to their 
effects upon the healthcare delivery system, such as 
increased cost and delays to patient care, in order to 
calculate the effects of the inefficiencies. 
 
Equitable Laboratory Services 
Ensuring the equity of medical laboratory services 
requires that there is no variation in the provision of 
services due to gender, ethnicity, geographic location 
and socioeconomic status. Providing equitable medical 
care is also reflected in policies relating to access to 
services—health insurance, availability of primary care 
clinicians and specialty services—factors that cannot be 
ameliorated by laboratory policies. However, there are 
features of equity with respect to patients’ access to 
laboratory services that laboratory practitioners can 
evaluate and rectify: Are specimen collection stations 
available at times and in convenient locations for the 
patient population? Are translation services or bilingual 
employees available to patients who need these services? 
Are patient education materials provided for these same 
patients?22 The primary focus of this aim is determining 
if medical laboratory services are provided in a fair 
manner to all.  
 
Components of patient-centered care are also reflected 
in providing equitable laboratory testing services; 
specifically that of providing care based upon individual 
needs. Supplying instructional material at an 
appropriate literacy level and for non-English speakers is 
a feature of providing equitable laboratory services.  
 
SUMMARY 
Examining the quality of medical laboratory services us- 
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ing the perspective of the six IOM aims provides 
laboratory professionals with numerous opportunities to 
improve the quality of healthcare and validate the value 
of medical laboratory test information in improving 
patients’ lives. This necessitates exploring the effects of 
other healthcare processes upon the TTP, as well as the 
affect laboratory test information and processes have 
upon other healthcare delivery processes. It requires 
using analytical approaches that value data collection, 
systematic process improvement models and lessons 
learned in other disciplines.  
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