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Abstract 

Background: A common problem encountered in clinical chemistry laboratories is that patient’s clinical history and results of 

laboratory investigations do not correlate. Majority of such discrepancies arise due pre-analytical variables. At times, it is not 

possible to repeat the investigations due to insufficient sample volume, lack of time or critical condition of the patient. Thus, it 

becomes very challenging to authenticate patient’s investigation results before dispatching the report. This paper describes serum 

absorption spectral scan as a novel, quick and simple technique found by us to identify sample mismatch errors (a pre-analytical 

error) to authenticate laboratory reports.  

Material and methods: We suspected a sample mismatch error in our laboratoryfor a patient. To solve the problem, we took a 

small sample volume (50 µl) of the patient from the corresponding vacutainer (true serum sample) as well as from sample cup 

(discrepant sample) and analysed them using absorption spectral scan using a microtitre plate and multi-mode reader. The two 

graphs so obtained were attempted to be superimposed to see if they matched or not.  

Results:  The graphs obtained from the two samples were found to be different and non-superimposable implying that the results 

generated did not belong to the patient. Our results were validated using a control serum sample which showed perfectly 

superimposable curves on repeating the experiment.  

Conclusion: Serum absorption spectral scan is a novel technique that can be used as a blueprint of an individual’s serum. This 

method has promising applicationsin forensic medicine, paediatrics and ICUs where prompt clarification on doubtful reports is 

crucial for decision making. 
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Introduction 

It has been a common problem encountered in big 

clinical chemistry laboratories of hospitals and 

diagnostic centres that a huge number of samples are 

received for biochemical analysis and there could be 

circumstances in which the patient report doesn’t 

seem to be in agreement with the clinical picture. 

Though there could be a lot of possibilities due to 

which such situations may arise attributing to pre-

analytical, analytical or post analytical variables 

(1).In fact, it is the pre-analytical variables which 

account for a major percentage (32-75%) of such 

errors in the results so generated (2). Pre-analytical 

variables in clinical chemistry are factors prior to the 

biochemical analysis of the samples that can affect 

the laboratory test results. These factors encompass 

the time frame starting from a test being ordered by 

the doctor until the sample is ready for analysis (3). 

As a result of these errors, it is not uncommon that 

results are wrongly reported and dispatched. 

Consequently it is the patient which suffers the most 

(4,5). In most of such instances, it has been observed 
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that the lab investigations are usually repeated which 

leads to wastage of financial resources and delay in 

the treatment of patients.Pre-analytical errors are 

largely attributable to human mistakes (6) and the 

majority of these errors can be prevented (7,8). One 

such error is sample mismatch error wherein wrong 

tests are performed on a given sample due to any 

confusion or a mistake leading to discrepancy with 

the clinical picture. 

In fact in certain circumstances wherein the patient 

may be critically or terminally ill, there may not be 

scope of any further delay to repeat the 

investigations. Considering, these challenging 

situations it becomes crucial for a clinical chemistry 

laboratory specialist to speculate the pre-analytical 

phase to authenticate whether the report truly belongs 

to the corresponding patient or a sample mismatch 

error has occurred. We too as clinical chemistry 

laboratory specialists have been facing similar 

situations time and again and have tried to solve these 

problems. In this paper we are describing one such 

scenario in which a blood sample (Sample A) was 

received in our clinical chemistry laboratory for 

carrying out certain investigations. While reporting 

the results of sample A, it was found that the results 

were not clinically correlating. We made a note of the 

serial number allotted to the investigation form of 

sample A and traced the sample. It was found that the 

sample in the corresponding vacutainer had the serum 

to be deep yellow in color. But the sample contained 

in the corresponding sample cup fed into the 

autoanalyser for biochemical analysis was normal in 

color implying that some other sample was fed to the 

autoanayser inadvertently. We were infact not able to 

repeat the investigations again as the sample left in 

vacutainer wasn’t sufficient enough to carry out the 

biochemical analysis. Further, to our surprise the 

investigation results of the subsequent patient 

(sample B) in series too weren’t clinically correlating. 

For this patient, the corresponding serum sample in 

vacutainer (sample B) seemed to be normal in color 

but the sample in the corresponding sample cup was 

found to be deep yellow in color. This hinted us that 

the two samples probably got interchangeably placed 

in the sample cups of the autoanalyser. 

This discrepancy probably was due to a mistake on 

the part of personnel who was handling the batch of 

serum samples. After dispensing the serum samples 

from vacutainers into the corresponding sample cups, 

he probably interchangeably placed the sample cups 

of sample A and B in the sample holding rack of the 

autoanalyser machine. It is usually, the forms and 

vacutainers that are numbered serially but not the 

sample cups to save time. Moreover, the autoanayser 

had been programmed by a yet another personnel as 

per the investigations mentioned on the forms. Thus, 

the serial number on forms correlated with the 

corresponding samples in vacutainers but not with the 

sample in the sample cupswith regards to these two 

samples discussed. Consequently, the investigations 

mentioned in the forms were applied by autoanalyser 

on the samples placed to corresponding positions in 

the rack. Such kind of human mistakes are likely to 

happen when the sample load received in the labs is 

huge and there are multiple personnels engaged at 

each step in the processing of samples. Moreover, 

due to limited time available to deliver prompt 

services, it is likely that such errors may not be 

recognised always. 

To manage this problem, we discussed about it with 

our team and found a method to validate our results 

which is being described in this paper. 
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Materials and Methods 

While processing the samples for carrying out 

laboratory investigations for a patient, his serial 

number on the investigation form, the corresponding 

sample received, the sample dispensed into the 

sample cup, the results displayed on monitor and the 

clinical history of patient must be in agreement with 

each other. Keeping this logic in mind, 50 µl serum 

of true sample A was taken from the vacutainer (deep 

yellow in color) and 50 µl of corresponding 

discrepant serum sample (normal colored) was 

aspirated from the sample cup These samples were 

respectively filled in the microtitre plate (by Tarson, 

USA) and spectral scan for absorbance ranging from 

350 nm to 550 nm (with stepping up at 1nm) was 

done using a multi-mode microplate reader (synergy 

H1 hybrid multimode reader by Biotek company, 

USA) and the two graph so obtained were compared 

with each other (figures 1(a) and (b)). It was further 

attempted to superimpose the curves (figure 1(c)). 

The experiment was repeated likewise for next 

patient (sample B). His true serum sample was 

collected (50µl) from vacutainer (normal colored) 

and discrepant sample from sample cup (deep yellow 

colored) and was analysed for spectral scan (figure 2) 

as described above. The two graphs (figure 2(a) and 

(b)) were compared with each other and were also 

tried to be superimposed (figure 2(c)). To validate the 

inferences of the experiment done with the above 

mentioned two samples, a third sample (sample C) 

was arbitrarily selected (control) from the same batch 

of left over samples. Its corresponding lab 

investigation results correlated well with clinical 

history. This patient’s true serum sample (sample C) 

(50µl) was collected from the batch of vacutainers 

received. The corresponding sample from sample cup 

was also obtained (50µl).  These samples were 

analysed for absorption spectral scan similarly (figure 

(3)). Images of spectral scan for true serum samples 

of patient A, B and C were also attempted to be 

superimposed (figure 4). 

Observations and Results 

The graphs for absorption spectral scan of our 

experiment are shown in figures 1, 2 and 3. Figure 

1(a) shows the spectral scan of true sample A 

(collected from vacutainer) while figure 1(b) showed 

spectral scan of the discrepent sample analysed in 

place of the true sample A (obtained from the sample 

cup). Figure 1(c) shows the superimposition image of 

the two curves obtained in figure 1(a) and 1(b). The 

curves were found to be non-superimposable.Figure 

2(a) shows the spectral scan of true serum sample B 

(collected from vacutainer) while figure 2(b) showed 

spectral scan of the discrepent sample analysed in 

place true serum sample B (obtained from sample 

cup). Figure 2(c) shows the superimposition image of 

the two curves obtained in figure 2(a) and 2(b). The 

curves were found to be non-superimposable. Figure 

3(a) shows the spectral scan of true serum sample C 

(collected from vacutainer) while figure 3(b) shows 

spectral scan of sample contained in the 

corresponding sample cup. Figure 3(c) shows the 

superimposed image of the two curves obtained in 

figure 3(a) and 3(b). The two curves were found to be 

perfectly superimposing. Figure 4 shows the curves 

for absorption spectral scan of the above discussed 

samples A, B and C using their true serum samples 

(obtained from their respective vacutainers).  The 

three curves were found to be non-superimposable.  

Data analysis 

The curves in figure 1(a) and 1(b) did not resemble 

each other nor did they superimpose on each other as 

shown in figure 1(c) implying that there has been a 

sample mismatch during processing the samples. 
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Likewise the curves in figure 2(a) and 2(b) too did 

not resemble nor did they superimpose on each other 

implying a mismatch again. But the curves in figure 

3(a) and 3(b) resembled each other and perfectly 

superimposed implying that there was no error while 

processing sample C and report truly belongs the 

patient. It was initially suspected that serum samples 

of patient A and B got interchanged while placing the 

sample cups into the rack. This confusion was 

clarified using this experiment as the graph in figure 

1(a) and figure 2(b) resembled each other and also 

that graph in figure 2(a) and figure 1(b) resembled 

each other. 
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Figure 1: Serum absorption spectral scan of patient A using the vacutainer sample (a), sample from sample sup (b), 

superimposition image (c) 

 

 

 

 

 

Figure 3(a,b,c) 

 

 

 

 

 

Figure 2: Serum absorption spectral scan of patient B using the vacutainer sample (a), sample from sample sup (b), 

superimposition image (c) 
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Figure 3: Serum absorption spectral scan of patient C using the vacutainer sample (a), sample from sample sup (b), 

superimposition image (c) 
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Figure 3: Serum absorption spectral scan of patient C using the vacutainer sample (a), sample from 

sample sup (b), superimposition image (c) 
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Figure 4:Absorption spectral scan of samples A, B and C using true serum obtained from respective vacutainers 

(depicting a unique pattern for each sample). 

 

Discussion 

From this easy experiment it was found that there has 

been a sample mismatch error while processing the 

samples. The dilemma was easily resolved. Thus, 

through our paper we would like say that in such 

circumstances where the reports generated by a 

laboratory for a patient are doubtful to be belonging 

to the same patient and there is not much time to 

repeat a test, then the authenticity of the report can be 

cross-checked by matching the serum samples using 

this technique of absorption spectral scan. Every 

individual has different composition of the serum 

matrix. Each individual has several biomolecules in 

the serum, the concentration of which varies from 

person to person and from time to time. In fact 

depending upon the medical, physical and emotional 

condition of the person, certain molecules may be 

produced or decreased in body thereby making the 

serum composition even more varied.Thus, each 

human serum being unique in nature would also have 

a different absorption at each wavelength. According 

to this logic, each person’s absorption spectral scan 

would reveal a pattern unique to that individual at a 

given point of time. In fact we too have obtained 

three different curves (figure 4) for three different 

individual subjects discussed above. This concept we 

have used in our paper to solve a problem that is 

commonly encountered in medical field. 

This technique is very simple to perform hardly 

needing 5 minutes to generate an absorption spectral 

scan graph. No special reagents or skills are required 

to perform the scan. Amicrotitre plate and an 

instrument called multi-mode microplate reader 

which is commonly available in any diagnostic 

laboratory are sufficient to perform this scan. The 

sample volume required for this test is very small and 

the sample does not get consumed in this test which 

can be further used for carrying out any other test if 

required. This is a totally new method found by us 

which can have profound practical utility in clinical 

set up. 

In fact in clinical set ups, it is quite common 

to estimate serum bilirubin levels for patients by 

measurement of serum absorbance in the clinical 

chemistry labs (9). Another use of spectral scan is 

seen in screening of porphyria patients wherein 

fluorescence emission spectral scan shows a 
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characteristic peak at 610 nm, 619 nm, 626 nm or 634 

nm (10). 

The same technique can also be used in situations 

wherein the patient is critically ill or admitted in ICU 

or emergency wards needing prompt clarifications on 

doubtful reports. Another application of this 

technique could be when laboratory investigations of 

pediatric samples need authentication. It is usually 

not feasible to repeat lab tests for paediatric cases 

because it is not easy to withdraw blood samples 

from babies and the volume of sample received in 

labs remains a major limitation. Absorption spectral 

scan can also be used to validate results of samples 

obtained from forensic medicine department. If any 

such mismatch confusion arises for a person who is 

dead or whose post-mortem has been carried out, 

then obtaining fresh blood samples is absolutely 

impossible. 

Conclusion 

Serum absorption spectral scan can be used as a 

blueprint of an individual’s serum. It can be used to 

manage challenging situations where prompt 

clarification on doubtful reports is more important 

than repeating the tests. 
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