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And then the findings are created 

• Sent via the informatics system
• Printed form



Inherent elements of a lab 
report





Data NOTE

Patient’s name and identifier Items required depends on lab. Finding without name / 
identifier cannot be used for clinical decision

Name of the analyte measured There are several analytes on one finding; these are
listed consequtively

Result Most often a number, rarely a note (positive, negative)

Parameter (unit) Result without parameter cannot be used

Healthy reference range or ’normal value’. 

Comment Any comment on test or test specimen (eg. 
hemolyzed, or few amount), any interpretation of result

Lab performing the test Private or state

Name and identifier of 
validating staff

In general a doctor or clinical biochemist



The question of units

• The units are not universal
• There are conventional and SI units
• UK, AUS, NZL, CAN, HU, NL – SI units 

(mmol/L)
• USA, D, ISR, JA – conventional units 

(mg/dL)
• The value is meanless without the unit.



Some examples: the 
electrolytes

analyte SI conventional 
se Na, se K, se Cl, 
se HCO3-

1 mmol/l 1 maeq/L

se Ca 1 mmol/L 4 mg/dL or 2 
maeq/L

se Mg 1 mmol/L 2.4 mg/dL
se P 1.2 mmol/L 3 mg/dL



A characteristic example: the calcium

Let’s say: serum calcium is 3.05.

Is it high, normal or low?
Depends on the unit used:
Total calcium, reference range:

2.3 – 2.6 mmol/L H
4.6 – 5.2 maeq/L L

9.2 – 10.4 mg/dL LL



Some examples: chemicstry & haematology

Conventional units

Blood Hgb

Total protein

Se Glucose

BUN

Creatinine



Some examples: chemicstry & haematology

Conventional units

Bacterial CFU

Lactate

Ammonia



Data NOTE

Patient’s name and identifier Items required depends on lab. Finding without name / 
identifier cannot be used for clinical decision

Name of the analyte measured There are several analytes on one finding; these are
listed consequtively

Result Most often a number, rarely a note (positive, negative)

Parameter (unit) Result without parameter cannot be used

Healthy reference range or ’normal value’. 

Comment Any comment on test or test specimen (eg. 
hemolyzed, or few amount), any interpretation of result

Lab performing the test Private or state

Name and identifier of 
validating staff

In general a doctor or clinical biochemist



Interpretation of test results



First question: compare to with

• Matched age?
• Same gender?
• Documentedly healthy?
• Not affected from the investigated condition (but

still unhealthy)
• What conditions are allowed to have a control

subject?
• Size of control population?
(answers depend on a number of factors)



Interpretation of test result
Important terms:

SENSITIVITY  = 
Positive / Total number of patients

SPECIFICITY  = 
Negative / Total number of healthy 



For screening high sensitivity test is required (i.e. to miss 
just a few patients)
(Sensitivity should be lowered if there is no sufficient resource for treatment of 
identified cases)

= the probability of 
positive test result in a 
patient

TP / (TP + FN)
TP TPFN

FPTN

FN TP

sensitivity
Rate of patients with 
true positive result



se = 70%se = 50%

se = 90% se = 100%

Cut off ↓ sensitivity ↑

TN TN

TN TN

FN

FP FP

FN TP

TP TP

TPFN



High specificity is required when false positive results 
should be disclosed.
(Usually required for confirmatory tests)

= probability of having a 
negative test result in a 
healthy subject

TN / (TN + FP)
TN

FP

TN

FPTN

FN TP

specificity
Rate of healthy 
subjects presenting 
true negative results



sp = 70%sp = 50%

sp = 90% sp = 100%

Cut off ↑ specificity ↑

TPTP

TP TP

FP FP

FP

TN

TN

TN

TN

FN
FN



Prevalence of predictive value of a lab test depends on prevalence of 
disease in population. 

It indicates the probability that a positive test result confers to disease
(positive predictive value), a negative test result confers to healthy
condition (negative predictive value).

• positive predictive value: if test result is positive, then what is
the probability that the tested subject is affected?
positive predictive value (PPV): TP/(TP+FP)

• Negatív predictive value: if test result is negative, then what
is the probability that the tested subject is not affected?
negatív predictive value (NPV): TN/(TN+FN)

Predictive values

Depends on prevalence in population



Prevalence of predictive value of a lab test depends on prevalence of 
disease in population. 

It indicates the probability that a positive test result confers to disease
(positive predictive value), a negative test result confers to healthy
condition (negative predictive value).

• positive predictive value: if test result is positive, then what is
the probability that the tested subject is affected?
positive predictive value (PPV): TP/(TP+FP)

• Negatív predictive value: if test result is negative, then what
is the probability that the tested subject is not affected?
negatív predictive value (NPV): TN/(TN+FN)

Predictive values

Depends on prevalence in population

Analogies

Screening for severe congenital metabolic disorders

Searching for bombs at the airport



Predictive value
• Importance of PREVALENCE
• The rate of healthy and diseased subjects have 

an impact on test PPV and NPV values.
• That means: the information provided by a given 

test depends on characteristics of tested 
population

• If I use even a very high sensitivity test (but 
there is no patient in the tested population), then 
I will get false positive results only



An example
• HIV-test: both specificity and sensitivity are around 0,99
• If 20000 HIV infected patients are in Hungary, the 

prevalence of HIV infection is 0.002.
• Let’s suppose that prevalence of HIV positivity among 

blood donators is the same (in fact it is lower) 
• Question: what will be the rate of false positive results 

amon blood donators?
• SP:0,99, SN:0,99, PR:0,0020, 



165,0
01196,0
00198,0

)9980,0*01,0()0020,0*99,0(
0020,0*99,0




That means that out of 100 positive (reactive) samples just 
17 confers to HIV seropositive blood donators, and 83 
results are false positive  (In fact this rate is much more 
higher). 

The  PPV

The real NPV

998,0
99.0
988.0

)998,0*99.0()002,0*99.0(
998.0*99.0




Therefore, the risk of obtaining a false negative result is very-very low.
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Therefore, the risk of obtaining a false negative result is very-very low.

Appropriate response

Other methods to be used (instead of repeated 
measurements)

Risk analyzis (identification of populations with 
higher prevalence of disease)

Bayes analysis (estimation of predictive value based 
on a priori data)

Population-dependent testing strategies (nation-
specific approaches)



Another example

• PSA-test
• >8 ng/ml : suggestive for prostate cancer
• Z.Z patient, aged 68 ys is presenting with

PSA = 13 ng/ml
• What is the PPV value if the patient is
Male?
Female?



Receiver Operating Characteristics (ROC) 
curve

ROC curve: 

• Indicates the true positive rate and the false-positive rate at
difference cut-off values

(i.e.: compares sensitivity to 1- specificity values)
• Appropriate to assess clinical utility of a given test
• Supports the selection of the most appropriate cut-off

(reference) value

In case of dichotomic results the cut-off value is clear (usually).
In case of continuous results the cut-off calue should be established 
carefully. 

The callenge: to identify cut-off value to discriminate positive and 
negative with the best specificity and sensitivity (ROC curve)



ROC curve

1-specificity

se
ns
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The test is more accurate whe the curve tends to follow left and up border.
The clinical utility of test is lower if the curve’s slope is nearer to 45°.

Area under the curve
0,9-0,99= excellent
0,8-0,9 = good
0,7-0,8 = moderate
0,6-0,7 = fair
<0,6      = failed



Test combination
• Let’s think a bit:
Test with low specificity and high sensitivity (large
number of high positive results)
Convenient for screening
The screened positive patients should be subjected to
highly specific and low sensitive tests.)
Combined / hierarchic assays
Example: thyroid hormone tests



Finally: I have a reference range

- The referencia range has too (lower and upper) limits.
- In some cases data are normally distributed
- In other cases they are skewed to the left or the right
- Abnormal = any value outside the range.

Examples when abnormal
is below the ref range:

- Vitamine levels
- Protein levels (non-acute

phase)
- CBC

Examples when abnormal
is above ref. range:

- Tumor markers
- Markers of tissue

necrosis
- Some hormones
- CBC



Some specific reference ranges

• Pediatric values
• Gender-specific values
• Cycle-dependent ranges
• Diurnal variations
• In some cases reference values are changing

dramatically and just relative values can be given

Percentile
MoM
T-score és Z-score



Special reference ranges

Percentile



MoM

MoM = multiples of median
For those cases when reference range 
changes very quickly in time (e.g 
pregnancy or cancer)

Special reference ranges



• T-score and Z-score

Special reference ranges

T-score

Z-score
Subject of the same 

age





And now, let’s see what is happening in real life

• Emergency lab tests
• Alarm values



Some remarks on emergency lab tests



• Vital lab tests
• These include: toxicity, electrolyte levels, 

metabolic disturbances, tissue necrosis
• TAT : < 1 hour
• Technicians provide them without validation 

by graduated staff (’intermediate’)
• Restricted lists (depends on institution)
• More expensive and need more efforts

Some remarks on emergency lab tests



Alarm values

• Critical values that should be 
communicated to the doctor immediately

• Require immediate clinical intervention
• There is no unique guide, depends on 

environment (lab & department)



• Value reported verbally is of no legal 
power

• The reporter’s name and position should 
be documented

• The basis of clinical decision should be the 
written findings

• Legal issue: as lab report has just partial 
impact on clinical decision making, the 
lab’s responsibility is limited

Alarm values – do remember



Uncle Pete’s findings

Lab findings asked as emergency
Available after 43 min of TAT
• ALP: 1100 U/L
• Bilirubin: 80 micromol/L
• Direct bilirubin: 54 micromol/L
• LDH: 340 U/L
• Not increased: amilase, troponin, GOT, GPT
• WBC: 10.4 G/L
• Urine: Ubg negative, bilirubin positive

The findings are generated



Imaging findings

Diagnosis:
Gallstones
(with a still opened pancreas
duct)

ERCP



Findings of repeated testing

• ALP: 540 U/L
• Bilirubin: 50 micromol/L
• Direct bilirubin: 24 micromol/L
• Normal: amilase
• WBC: 7.5 G/L



Let’s play a situation game with 
Pete…

Bonus-tests (as the patient is already there):
• PSA: 5.3 ng/ml (+/0)
• Cholesterol: 6,5 mmol/l (+/0)
• Triglyceride: 2,1 mmol/l
• eGFR: 63 ml/min
• Uric acid: 380 micromol/L
• Na, K, Cl, urea, GOT, GPT, albumin, D-

dimer, vitamin-D



• What do prior results trigger?
- Investigation?
- Do not report?
- Monitoring?
- Repeat?

Important: unnecessary result may be harmful either

Let’s play a situation game with
Pete…



Data and remnant samples

Issues:
• Ownership (sample and data)
• Who and how could treat the results?
• Issues of data saving 
• How to destroy (or store) samples



What can I do with the sample?

• Thumb’s rule: diagnostic samples can be 
used only for treatment purposes

• The use of sample for other purposes 
requires ethical permission (exception: 
method development on anonymous 
samples)

• Biobanks can be established when 
patients’ consent is obtained



A few words about costs

• Lab testing costs money (reagent, salary, 
consumables, maintenance of lab)

• Costs of lab are calculated using a central list in 
Hungary

• In general, costs are paid by the physician / 
hospital

• These may be quite high, but just a small portion 
of total health care costs (2-4 per cent)

• The most expensive tests are those that are 
done in an unjustified manner



Summary I
• Postanalytical phase: the phase when the lab test 

results are used
• Lab tests have their specificity  and sensitivity; these 

are tests’ caharacteristics
• The positive and negatív predictive value of the test 

depends on prevalence either
• The selection of the appropriate reference group is 

of critical importance
• The higher the number of lab tests the higher the 

risk of false positivity



• Emergency tests are available 24/7; the 
list is restricted

• Alarm values: depend on environment. 
This case the lab notifies the health care 
staff immediately

• One should pay for lab tests 
• Most expensive tests are those that are 

ordered / interpreted improperly

Summary II


