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Abstract 

Contrast media are commonly used as an enhancement in several diagnostic imaging 

methods, which in today’s healthcare often are combined with blood works in 

diagnostics and surgical preparations, as well as to follow up on the patient’s 

recovery. To save time and money for both the hospital and the patients themselves, 

the ability to carry out both the radiological examination and the blood works within 

the same hospital visit would be preferred. However, there have been indications of a 

potential interference from the contrast media used, and therefore a waiting period is 

in place. The aim of this study was therefore to see if that waiting period was 

warranted by testing if contrast media does cause a significant interference in the 

most common analyses. This was investigated by infusing pooled samples with 

either iohexol or gadoteric acid, the active components of the most common contrast 

agents, at either a full dosage or a half dosage. These samples were then run by 

standard protocol and the results compared to control samples. The results showed 

that while some analyses proved affected, others proved unaffected or only 

insignificantly so. Some of the affected analyses were sodium, activated partial 

thrombin time and hemoglobin. While some analyses such as prostate specific 

antigen and prothrombin time were unaffected. Analysis of more samples is 

necessary to confirm the results, but the overall consensus is that while most analyses 

are unaffected the effects are too large and uncertain to comfortably disregard the 

waiting time.  

Keywords: Iohexol, Gadoteric acid, Contrast agent, Coagulation, Biochemistry 

analyses 
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Introduction 

Contrast media are commonly used in today’s diagnostics as an enhancement in 

several diagnostic imaging methods such as CT, MRI and angiographies. In addition 

to these examinations the patient is often asked to take blood tests as well, as the 

radiological examinations generally are evaluated in combination with various blood 

works. To cause the least inconvenience for the patient, the possibility to do both the 

radiological examination and take the blood tests within one visit would be greatly 

appreciated. However, several contrast media may have an interfering effect on the 

assays in question.  

     Previous studies have indicated a potential interference on a multitude of 

biochemical analyses including serum calcium [1,2], troponin I [3], serum iron and 

many more [2], caused by various contrasts. Kerry et al. found that gadolinium-based 

contrasts had a dose dependent effect on the measurement of calcium and on that of 

iron [2]. Otnes et al. found similar results regarding gadolinium and they also found 

that iodine-based contrasts appear to have a significant and dose dependent effect on, 

among other assays, calcium and iron as well [4].  

     There are also studies indicating an effect on the hemostatic system by some 

contrast medium, which could potentially indirectly affect coagulation assays [5,6].  

While these studies do not give definite yes or no answers to whether the contrasts 

affect the actual assays they do indicate an undisputed affect, however small, on 

coagulation.  One study found that contrast media can induce a hemostatic activation, 

especially high-osmolar ionic contrasts, however they could not say whether this was 
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directly due to the administrated contrast or due to the manner of administration [5]. 

The reason for this uncertainty was mostly due to the effects appearing not to be 

dose-dependent i.e. increasing contrast concentrations did not increase the hemostatic 

response [5]. Another study showed, much like the previous, that ionic contrasts have 

a higher risk of affecting the blood’s clotting [6]. However, this study also focused 

on the potential effect of iohexol, a rather common non-ionic contrast. It showed that 

while iohexol had an inhibitory effect, especially on platelet aggregation, it was only 

minor [6]. The study also found that the concentration needed for a detectable effect 

was too high compared to the concentration realistically found in a patient’s blood 

[6].  

     Some previous studies have also indicated that there is an effect on the blood cells 

themselves. A change in the morphology and behavior of the cells could potentially 

cause difficulty for some analyses. Hardeman et al. conducted a study that showed 

that iohexol is one of these contrasts [7]. The study showed that iohexol caused red 

blood cells (RBC) to contract an echinocyte morphology and that this effect was 

clear even at low levels of contrast [7]. The study also indicated a change in the 

rouleaux behavior of the RBCs showing a decrease in the cells aptitude to settle into 

the rouleaux aggregation shapes [7]. Therefore, analyses that rely on the size and 

shape of the blood cells could, in theory, be affected indirectly by the contrast 

present. 

     Some studies have also indicated the potential of a major variance in the degree of 

interference between different analytical instruments [2,3]. However, the studies on 

the instruments applied in the present study, in regard to interference from contrast 
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media, are practically nonexistent. Cobas 6000 (Roche Diagnostics, Germany), 

Sysmex XN-2000 and CS2100i (Sysmex Corporation, Japan) are all also rather 

different instruments, using individual methods of analysis. The Cobas 6000 is an 

instrument for the universal detection of biochemical analytes such as iron, calcium, 

alkaline phosphatase, various hormones and many other markers1. To accomplish 

this the instrument employs several techniques depending on the analysis selected. 

Most analyses are carried out using an immunochemical technique utilizing two 

different antibodies in a sandwich method. The antibodies are allowed to react with 

the analyte in the serum sample, binding to individual epitopes. For detection, part of 

the sample, now with bound antibodies, gets drawn into the detection chamber where 

the binding antibody connects to a magnetic plate. The detection antibody is 

conjugated with a ruthenium complex which enables detection via 

electrochemiluminescence, the act of creating a measurable light using an electronic 

potential.  

     However, for some analyses the Cobas 6000 takes to other principles of detection. 

One example is the detection of iron which is made possible by increasing the acidity 

to ensure any transferrin-bound iron to be released as Fe3+. The ions are then reduced 

to Fe2+ which enables a color generating reaction with ferrozine. The color intensity 

of the reaction is then measured using photometry and is in direct proportion to the 

total concentration of iron in the sample.  

                                                             
1 http://www.cobas.com/home/product/clinical-and-immunochemistry-testing/cobas-6000-
analyzer-series.html 
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     The Cobas 6000 may also deploy an enzymatic analysis, as is the case when 

detecting the levels of homocysteine, which is an amino acid found as an 

intermediate in several biochemical processes, most notably the methionine cycle, in 

a sample. To enable detection the methionine cycle is partially replicated to give S-

adenosylhomocysteine (SAH). Via hydrolysis by SAH-hydrolase, SAH is then 

divided into homocysteine and adenosine. The latter is then in turn hydrolyzed to 

create inosine and ammonia, which by an enzyme-catalyzed reaction triggers the 

transformation of NADH to NAD+. The amount of NADH being converted into 

NAD+ is then used as a direct analogy of the homocysteine concentration. 

Alternately, the Cobas 6000 enables the use of ion specific electrodes to measure the 

concentration of components such as potassium, sodium and chlorine.  

     The Sysmex XN-2000 enables quantification of the blood cells present in whole 

blood using fluorescence flow cytometry2. Flow cytometry is a method consisting of 

a laser beam being shot at individual cells that have been marked by conjugated 

antibodies. These antibodies are typically conjugated with some form of fluorophore 

that gets excited by the laser and scatter in various cell specific patterns that can be 

measured.  

     The Sysmex CS2100i is an instrument for the evaluation of the coagulative 

abilities of the blood3. It does this in various ways depending on the desired analysis. 

Activated partial thromboplastin time (APT-time, APTT) is measured by kickstarting 

the intrinsic pathway, also known as the contact activated pathway, and clocking the 

                                                             
2 http://www.sysmex.se/products/product-singleview/xn-1000-963.html 
3 http://www.sysmex.se/products/product-singleview/cs-2100i-553.html 
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time it takes for the sample to become fully clotted. Prothrombin time (PT-INR), on 

the other hand, measures the time it takes for a sample to become fully clotted when 

the extrinsic pathway is activated. Both of these analyses are evaluated optically by 

measuring the turbidity of the sample. As the two analyses investigate individual 

pathways, the reagents used for each analysis differs greatly. In APTT the reagent is 

often a solution to simply inactivate the anticoagulant found in the test tube to ensure 

that contact activation may occur. In the case of PT-INR the reagent instead usually 

contains growth factors, calcium ions and vitamin K-dependent coagulation factor 

reduced plasma. The added plasma’s lack of vitamin K-dependent coagulation 

factors being what allows for the extrinsic pathway to be evaluated as any 

coagulation is now dependent on the patient’s own vitamin K-dependent coagulation 

factors.   

 

     According to the European Society of Urogenital Radiology, ESUR, Guidelines4 

any biochemical analyses that are not of the acute kind should be avoided until 24 h 

after any contrast media has been administrated. Although it could be assumed that 

this waiting period is set to ensure that there is no contrast left in the patient’s 

system, the actual reasons for it are unclear. This ambiguity is most likely due to the 

abundance of biochemical analyses and the broad range of contrast media available. 

Add to that the fact that individual regions, and occasionally individual hospitals, 

                                                             
4 http://www.esur.org/guidelines/ 
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have their own preferred contrast media and biomedical analysis instruments and the 

result is a truly ambiguous field, where general guidelines are difficult to set.  

     However, having the potential of conducting both the radiological examinations, 

including contrast media, and the necessary blood works within the same hospital 

visit would be ideal both for the hospital and, most importantly, for the patients. Due 

to scheduling and opening hours, though, this might not always work with a waiting 

period after administration. This, in turn, might cause the patient to have to return to 

the hospital another day, causing personal distress and inconvenience.  In an attempt 

to achieve this, Gävle Local Hospital has set their waiting period after contrast 

administration to 4 hours. However, whether this is warranted or not, as previously 

mentioned, is unclear and the time has been set mostly to ensure that the patient’s 

serum concentration is no longer at a maximum. Therefor the aim of this study was 

to inspect the potential effect of a maximum and a half of maximum serum 

concentration of contrast media to evaluate whether their potential effect was 

significant enough to cause incorrect test results.  

 

Method and materials 

Study material 

For this study, deidentified patient blood samples were collected at random from the 

archives and pooled. About 10-12 sodium-heparin plasma samples for the general 

biochemical and hormone analyses. About 10-12 citrate plasma samples for the 

coagulative evaluations and about 10 whole blood samples with EDTA for the 
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hematologic analyses. All samples were collected at complete random regardless of 

any patient information such as patient identification and history of illness.  

Ethics 

A general ethic approval, UPS 01-367, is in place for the use of already analyzed and 

deidentified blood samples for evaluations and studies, such as this, aiming to 

advance and improve the procedures of the laboratory. 

Contrast medium 

Gadoteric acid was applied to the samples in the form of the gadolinium-based 

contrast Dotarem (Gothia Medical, LOT: 17GS715B). The concentration of a 

maximum dose for an average patient of 70 kg was calculated to 1.42 mg/ml 

gadoteric acid. Therefore, the final concentration of the maximum dose samples was 

1.42 mg/ml and the final concentration of the half-dose samples 0.71 mg/ml.  

     The iodine-based contrast medium Omnipaque 350 mg/ml (GE healthcare, LOT: 

13885535) was used to ensure a final serum concentration of 12 mg/ml iohexol, 

which represents a near maximum dose for an average patient of 70 kg. The final 

serum concentration of the half-dose sample was subsequently 6 mg/ml of iohexol.  

     Saline (0.9 % NaCl) was used in all dilutions. It was also added to the control 

sample to compensate for the dilution factor of the added contrast.  

Instruments 

     This study used three analytical instruments. The Cobas 6000 from Roche 

Diagnostics (Germany) consisting of core unit cu150 combined with the e501 and 
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e601 modules was used for the biochemical analyses. The Sysmex XN-2000 from 

Sysmex (Japan) was applied for the hematology analyses and the instrument used for 

the coagulation analyses, Sysmex CS2100i was also from Sysmex (Japan). All 

reagents used were standard regents for each instrument.  

Method 

Calculations were carried out to find out how much of each contrast would be 

necessary to obtain the desired concentration. To ensure that the dilution factor 

would be the same in all samples, it was assured that the same volume of additive 

was added to the study material. Dotarem (gadoteric acid) had to be diluted with 

saline to ensure the possibility to add 34 µl per 1 ml study material and still obtain 

the concentration representative of that in a patient. 

     Deidentified samples were collected at random from the archives, the only 

collection requirement was for the sample to be free from visible indicators of 

potential interference such as lipemia or excessive hemolysis. For the hematological 

assays another requirement was for the samples to be as fresh as possible to ensure a 

good blood cell quality. The respective samples, 2-3 samples per pool, were pooled  

into a total of 4 pools to ensure adequate volumes of plasma and whole blood.  

     Each pool was divided into 5 test tubes. One of these was mixed with saline to act 

as the control sample and constitute the baseline of the test. The other 4 were mixed 

with contrast to make up one maximum dosage and one half dosage sample for each 

pool and each type of contrast media. In total, 4 separate controls were made, 1 out 
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of each pool, and 16 contrast infused samples, 1 from each pool for each type of 

contrast and concentration.  

Statistics 

Each of the contrast infused samples were compared to its respective control and the 

difference between the two was calculated. An interval of 95% for the differences 

was also calculated by multiplying the standard deviation by 1.96 (1.96×σ). To carry 

out this calculation, a normal distribution with a known standard deviation was 

assumed despite the small sample size of only 4 test samples per concentration and 

type of contrast. Then the results were compared to the known uncertainty of the 

analysis in question to determine whether it could be considered significant or not. 

 

Results 

Biochemistry assays 

Most analyses proved to differ only slightly. The biggest differences being found in 

Chlorine (Cl), C-Reactive Protein (CRP), Ferritin, Creatinine, Sodium (Na) and 

Urate. While some smaller but still noteworthy differences could be found in 

Bilirubin, Homocysteine and Albumin. This especially applied to the samples 

containing the iohexol-based contrasts as can be seen in table 1. 
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Table 1. Mean differences and 95% intervals seen  for the biochemistry analyses of the iohexol infused sodium-

heparin samples. 

Iohexol Max dosage Half dosage 

ALAT  (µkat/l) 0.015 ±0.04 0.128 ±0.44 

Albumin  (g/l) -0.500 ±2.53 0.000 ±3.58 

ALP  (µkat/l) 0.030 ±0.10 0.097 ±0.20 

Bilirubin  (µmol/l) 0.750 ±1.88 1.250 ±2.47 

Ca  (mmol/l) 0.015 ±0.10 0.010 ±0.12 

Cl  (mmol/l) 5.500 ±1.13 3.500 ±3.39 

CRP  (mg/l) 0.050 ±0.11 -1.275 ±9.23 

Fe  (µmol/l) 0.650 ±0.82 0.350 ±1.45 

Ferritin  (µg/l) -8.250 ±61.86 192.000 ±725.25 

Phosphate  (mmol/l) 0.015 ±0.03 0.003 ±0.12 

Glucose  (mmol/l) 0.150 ±0.34 0.375 ±0.70 

GT  (µkat/l) 0.095 ±0.30 0.373 ±1.11 

Homocysteine  (µmol/l) 0.425 ±0.56 0.575 ±0.29 

K  (mmol/l) 0.050 ±0.20 0.000 ±0.28 

Creatinine  (µmol/l) 2.000 ±6.60 2.750 ±4.35 

LD  (µkat/l) 0.025 ±0.10 0.200 ±0.39 

Na  (mmol/l) 5.500 ±1.96 3.500 ±3.39 

PSA  (µg/l) 0.005 ±0.03 -0.015 ±0.10 

Transferrin  (g/l) 0.013 ±0.08 0.000 ±0.14 

TSH  (mIE/l) 0.155 ±0.18 -0.090 ±0.71 

Urate  (µmol/l) 4.750 ±18.48 21.000 ±56.47 

Urea  (mmol/l) 0.125 ±0.19 0.075 ±0.52 

 

 

     In the gadoteric acid infused samples, similar results to those in the iohexol 

sample were seen. Ferritin, Creatinine and Urate showed the largest effects. While Cl 

and Na showed way smaller effects here than in the samples with iohexol added as 

can be seen in table 2. 
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Table 2. Mean differences and 95% intervals for the biochemical analyses conducted on the sodium-heparin 

samples containing gadoteric acid. 

Gadoteric acid Max dosage Half dosage 

ALAT  (µkat/l) 0.073 ±0.21 0.190 ±0.71 

Albumin  (g/l) -0.750 ±4.63 -0.250 ±0.98 

ALP  (µkat/l) 0.047 ±0.09 0.113 ±0.34 

Bilirubin  (µmol/l) 1.000 ±1.60 1.500 ±3.39 

Ca  (mmol/l) 0.023 ±0.16 -0.025 ±0.15 

Cl  (mmol/l) 1.250 ±3.35 0.500 ±2.53 

CRP  (mg/l) -0.700 ±4.39 -3.725 ±16.06 

Fe  (µmol/l) 0.550 ±1.18 0.275 ±1.20 

Ferritin  (µg/l) 87.750 ±337.45 277.25 ±1118.56 

Phosphate  (mmol/l) 0.008 ±0.05 -0.005 ±0.10 

Glucose  (mmol/l) 0.275 ±0.33 0.425 ±1.17 

GT  (µkat/l) 0.230 ±0.55 0.480 ±1.73 

Homocysteine  (µmol/l) 0.250 ±0.61 0.750 ±2.20 

K  (mmol/l) 0.025 ±0.25 -0.050 ±0.34 

Creatinine  (µmol/l) 2.000 ±3.58 4.750 ±10.90 

LD  (µkat/l) 0.075 ±0.25 0.150 ±0.47 

Na  (mmol/l) 1.500 ±2.53 1.000 ±3.58 

PSA  (µg/l) -0.010 ±0.06 -0.023 ±0.12 

Transferrin  (g/l) -0.007 ±0.05 -0.055 ±0.26 

TSH  (mIE/l) -0.058 ±0.33 -0.335 ±1.45 

Urate  (µmol/l) 13.250 ±32.38 24.500 ±78.16 

Urea  (mmol/l) 0.175 ±0.19 0.025 ±0.56 

 

 

     While the average differences indicated the general direction of the results, not 

every individual result followed the same direction as can be seen in figures 1-5. The 

samples drawn from pool 3 proved to be visible outliers compared to the other pools, 

especially at half-dose concentrations, a trend that may be seen in the figures below. 
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Figure 1(a-d). The individual changes seen for each contrast, pool and concentration. 
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Figure 2(a-e). The individual changes seen for each pool, contrast and concentration. 
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Figure 3(a-e). The individual changes seen for each pool, contrast and concentration. 
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Figure 4(a-e). The individual changes for each pool, contrast and concentration. 



17 
 

 
Figure 5(a-c). The individual changes seen for each pool, contrast and concentration.  

Coagulation assays 

The Coagulation assays indicated no affect at all on the PT-INR analysis as these 

samples gave similar, or even the same, result independent of additive. The APTT 

saw an overall inclination to increase with the addition of the iohexol based contrast. 

While for the gadoteric acid-based contrast the measured APT-times varied 

significantly with the max dose while at the half dose this effect was subdued, but 

not eliminated.  
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     The 95% intervals for the APTT was much smaller for the iohexol than for the 

gadoteric acid. However, the intervals for PT-INR were 0 since there were no 

differences either, see table 3 and 4. 

Table 3. The mean difference and 95% interval for the coagulation assays on the citrate samples containing 

iohexol. 

Iohexol Max dosage Half dosage 

APTT  (sec) -2.250 ±1.88 -1.000 ±2.77 

PT-INR  (INR) 0.000 ±0.00 0.025 ±0.10 

 

Table 4. Mean differences and 95% intervals for the coagulation assays on the citrate samples with gadoteric 

acid. 

Gadoteric acid Max dosage Half dosage 

APTT  (sec) 2.750 ±8.82 1.250 ±2.94 

PT-INR  (INR) 0.000 ±0.00 0.000 ±0.00 

 

While the APTT results in the iohexol infused samples indicated a more collected 

interference in mostly the same direction, the samples with gadoteric acid came back 

with more widespread results. As can be seen in figure 6. 

 
Figure 6. The individual changes seen for each pool, contrast and concentration for the analysis of APTT 

Hematology analyses 

The hematology analyses showed that while most parameters remained unaffected, 3 

of them were clearly affected. These 3 parameters were; the mean corpuscular 
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hemoglobin concentration (MCHC) which was affected by both contrasts but more 

so by the gadoteric acid-based one; the hemoglobin, which also indicated a larger 

affect from the gadoteric acid and the thrombocyte count which showed a negligible 

or minor difference with the use of iohexol but a substantial difference with the 

gadoteric acid. The 95% intervals indicted the same trend that could be seen from the 

differences alone. Meaning most parameters had small intervals except for 

hemoglobin, MCHC and thrombocytes proved to be larger. As can be seen in table 5 

and 6. 

Table 5. Mean differences and 95% intervals for the hematologic analyses of the EDTA-samples containing 

iohexol. 

Iohexol Max dosage Half dosage 

Erythrocytes  (x10^12/l) 0.095 ±0.17 0.13 ±0.26 

Hematocrit 0.013 ±0.01 0.015 ±0.03 

Hb  (g/l) 2.250 ±3.71 3.750 ±8.37 

Leukocytes  (x10^9/l) -0.275 ±0.74 -0.225 ±0.67 

MCH  (pg) -0.275 ±0.54 -0.200 ±1.44 

MCHC  (g/l) -3.750 ±7.04 -2.750 ±16.81 

MCV  (fl) 0.500 ±1.13 0.500 ±1.13 

MPV  (fl) 0.000 ±0.23 0.100 ±0.36 

RDW  (cv%) 0.050 ±0.34 0.050 ±0.34 

Thrombocytes  (x10^9/l) 0.000 ±19.92 -1.500 ±34.38 

 

Table 6. The mean differences and 95% intervals for the Hematologic analyses done on the EDTA-samples 

containing gadoteric acid. 

Gadoteric acid Max dosage Half dosage 

Erythrocytes  (x10^12/l) 0.230 ±0.56 -0.0975 ±0.30 

Hematocrit 0.025 ±0.05 -0.005 ±0.03 

Hb  (g/l) 6.000 ±17.82 -4.750 ±15.63 

Leukocytes  (x10^9/l) -0.100 ±1.12 0.350 ±1.04 

MCH  (pg) -0.325 ±0.91 -0.325 ±1.40 

MCHC  (g/l) -5.250 ±13.04 -4.750 ±19.88 

MCV  (fl) 0.750 ±0.98 0.500 ±1.13 

MPV  (fl) 0.075 ±0.33 0.050 ±0.25 

RDW  (cv%) 0.050 ±0.38 0.050 ±0.34 

Thrombocytes  (x10^9/l) -5.750 ±38.95 10.250 ±40.84 



20 
 

 

Figure 7(a-e). The individual changes seen for each pool, contrast and concentration for the hematological 

assays. 
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Discussion 

The aim of this study was to find out whether the potential interference from contrast 

media would be great enough to give incorrect results. The reason for this is quite 

simple as the conclusion that there is no difference due to contrast would open up to 

the possibility of combining blood works and contrast-driven radiological 

examinations within the same hospital visit. This would minimize the turn-around 

time for final results in healthcare and it would cause less personal distress for the 

patient in question. To figure this out, the differences between the controls and the 

contrast infused samples were compared to the uncertainty of measurement for that 

particular analysis. The 95% interval was then consulted to determine whether the 

presumed results were acceptable or if more samples would be necessary.  

     Most analyses proved to only be minutely affected by the added contrast, but 

some appeared to be more affected than others. The varying results could also be 

seen between analyses ran on the same instruments indicating that there is no 

instrument specific affect. However, since the Cobas 6000 uses several analytic 

principles, some of which were only used for a single analyze in the present study, 

it’s difficult to say for certain. However, the flow cytometry of Sysmex XN2000 can 

be considered not interfered as most analyses proved unaffected. As for the Sysmex 

CS2100i the principle of analysis itself, the photometric measurement, was not 

affected.  
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     Starting with the biochemical analyses it could be seen that most analyses, on 

average, differed with less than one unit from their control. This indicates that these 

analyses could be counted as ‘unaffected’ or at least ‘not significantly affected’. The 

analyses that could be counted into this category were; alanine transaminase 

(ALAT), albumin, alkaline phosphatase (ALP), calcium, iron, phosphate, glucose, 

GT, homocysteine, potassium, lactate dehydrogenase (LD), prostate specific antigen 

(PSA), transferrin, thyroid-stimulating hormone (TSH) and urea. However, these are 

not the only ones that can be considered unaffected since, once compared to the 

uncertainty of the instruments; bilirubin, CRP and creatinine may also be counted to 

this group. Iohexol is said to have a potential effect on albumin, bilirubin and 

phosphate as well as iron and calcium. However, the results of this study as well as a 

study conducted by Park et al would indicate that it does not [8].  

     Instead only chlorine, ferritin, sodium and urate indicated an actual effect from 

the additives. However, while ferritin was affected by both contrasts and all 

concentrations, the rest were not. Urate was affected by the full dose of Gadoteric 

acid and the half-dose of iohexol. Meanwhile, chlorine and sodium were both 

notably affected by iohexol alone and only by the maximum concentration. Although 

it should be noted that the half-dose iohexol just made it by 0.5 mmol/l below the 

limit. This is interesting since a notable effect in any of the other concentrations 

could have been chalked up to the use of saline for dilution. However, the iohexol 

based contrast was added undiluted in its maximum dose and so this would indicate 

that the affect seen is due to the added contrast and should be noted as such.  
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     The 95% interval is the estimated interval which indicates where 95% of all 

calculated differences should end up. If the interval is of the shorter variety the 

results are more collected and can thereby be seen as more reliable. Larger intervals 

on the other hand indicates that the effect is great and the calculated mean is not as 

reliable. As can be seen in tables 1 and 2, most of the biochemistry results are 

reliable, for example ALAT, ALP, calcium, iron, phosphate, glucose, GT, 

homocysteine, potassium, LD, PSA, transferrin, TSH and urea all have intervals of a 

shorter variety. Therefore, we can say that these measurements most likely are not 

affected by either contrast. Albumin, on the other hand, which could by the mean 

differences alone be deemed as “unaffected” had larger intervals. The biggest of 

which being for the max dose of Gadoteric acid at ±4.63 g/l. While the results for 

albumin are usually rather high with a reference interval of 36-48 g/l for adults, a 

95% interval of ±4.63 g/l still gives too wide a range for the results to be deemed 

reliable. However, the half dose Gadoteric acid had a much tighter interval from 

which we can conclude that for albumin a halved dose of gadoteric acid should not 

affect the measurement, but a maximum dose might.  

     The biochemical analyses that were considered “clearly affected” by the contrasts; 

chlorine, ferritin, sodium and urate all have larger intervals as well. The largest of 

which were seen for ferritin and urate. All intervals for these two analyses are 

deemed “too big” meaning that in most cases the effect due to the contrast will be 

substantial. To be sure of how substantial though, more testing with more samples 

would be advised. These analytes also have very different reference intervals for men 
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and women and so to get better and more reliable results perhaps sex should have 

been taken into consideration when picking out samples. 

  

     The coagulation assays proved to differ greatly from one another. The PT-INR 

indicating no affect from either contrast while the APTT results did. Iohexol 

appeared to turn up higher results than the control, indicating a slower coagulation. 

This is supported by several previous studies that found similar effects [9,10,11]. 

Dawson et al indicated that iohexol inhibits clotting by interfering in the fibrin 

polymerization and thereby delaying the action and the coagulation process as a 

whole [9]. This was then backed up by Corot et al who found that iohexol decreases 

the creation of fibrinopeptide A (FpA) [10], which is the fibrinopeptide first cleaved 

off of fibrinogen by thrombin during coagulation [12].  

    Gadoteric acid, on the other hand, on average, appeared to speed up the 

coagulation. However, this increase did not occur in all samples, indicating that it is 

not an obvious affect and further testing, preferably with more samples, would be 

desired. The reliability of the iohexol results may also be discussed. The reference 

interval for APTT in adult patients is 30-42 sec meaning an interval of ±1.88 sec 

could be considered acceptable had the difference between the test sample and the 

control sample been smaller. More samples would therefore be required to draw final 

conclusions. The intervals for PT-INR, on the other hand, were nonexistent or 

minimal since there were no actual differences to calculate it from. 
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     When looking at the hematology analyses, all except 3 indicated negligible 

effects. The other 3 analyses, hemoglobin, MCHC and thrombocytes did indicate 

various degrees of effect. The thrombocyte concentration showed effects that were 

visibly large and needs to be taken into consideration in a clinical situation, rendering 

this as an analysis that should not be trusted after the use of contrast, especially 

contrasts containing gadoteric acid. Considering the rather large 95% intervals as 

well more tests with more samples would be advised to make more absolute 

deductions about exactly how great of an effect there is. 

     The other 2 analyses affected were hemoglobin and MCHC. Hemoglobin saw a 

decreasing effect from iohexol that still remained within the analytical uncertainty of 

the instrument. The effects seen by the gadoteric acid though were above the limit of 

4 g/l for both the maximum dose and the half-dose samples. As MCHC isn’t 

analyzed per se but rather calculated from the analyzed parameters of hemoglobin 

and hematocrit there’s no surprise that the effects to hemoglobin translated into the 

MCHC results as well. Generally, the hematocrit levels saw a slight change in the 

same direction as the hemoglobin results, causing the differences seen in MCHC 

results to differ more than the hematocrit results but not as severely as the 

hemoglobin ones. All MCHC results also stayed within the analytical uncertainty of 

the instrument, proving that this is not the most important difference. While the 

hematocrit levels may be seen as reliable given the tight 95% intervals, both 

hemoglobin and MCHC have intervals of a larger variety and therefore are not as 

reliable.  
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     An issue with this study is, as aforementioned, the limited number of samples 

used. In several cases, a larger number of samples would have been preferred. 

However, since the goal was not to find out how samples were affected but rather if, 

the small sample quantity was deemed adequate and, in many cases, it turned out to 

be.  

     Another issue encountered was sodium-heparin pool number 3 which quickly 

pronounced itself as an outlier. Why was unclear, but one thing to note is that the 

ferritin levels of pool 3 were above 1000 µg/l in the control sample. This is a 

potential indicator of Acute Myeloid Leukemia (AML) or other malignities 

suggesting that one of the samples used in pool 3 might have come from an AML 

patient. It is difficult to say why this would affect the results or even if it’s truly due 

to the contrast, especially considering there are no studies on the interaction between 

leukemic cells and contrast agents, this is instead something to keep in mind as a 

potential area of future study. For the present study it only proves that to achieve 

definitive results the number of samples would have to be increased.  

     To conclude, most analyses were not or only minimally affected by the contrasts 

added. Iohexol, overall, seemed to affect the biochemical analyses more, while 

gadoteric acid appeared to have a larger and more uncertain effect overall. However, 

larger sample quantities would be preferred for both contrasts on some, if not all, 

analyses to give more absolute answers. However, due to the uncertainty, some 

waiting period is probably necessary as when it comes to patients’ health it’s better 

to be safe than sorry.  
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