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ABSTRACT 

 

Background: Multiple myeloma (MM) is a plasma cell malignancy characterized by monoclonal protein secretion. 

Excessive immunoglobulin production increases blood viscosity, impairing serum separation and complicating 

laboratory analyses. We present a case of a 54-year-old male MM patient with hyperviscous samples, describing 

the laboratory solutions applied. 

Methods: To extract a sufficient liquid compartment from the initial sample, several approaches were planned: re-

peated or extended centrifugation using serum separator tubes (SST), collection in heparinized tubes, use of plain 

tubes with dilution at 1/2 and 1/4 ratios, and mechanical separator tube (MST) usage. 

Results: Repeated or prolonged centrifugation in SSTs did not produce sufficient serum. Blood collected in a hep-

arinized tube also failed to yield adequate plasma. Sampling into a plain tube with dilution enabled sufficient se-

rum collection, and MST provided the required plasma volume. MST test results were consistent with the pa-

tient’s clinical status, whereas increasing the dilution ratio in plain tubes led to greater percentage differences 

compared with MST results. 

Conclusions: MST provided optimal and clinically reliable results. If MST is unavailable, we recommend diluting 

hyperviscous samples in plain tubes, beginning with a 1/2 ratio. 

(Clin. Lab. 2026;72:xx-xx. DOI: 10.7754/Clin.Lab.2025.250834) 
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INTRODUCTION 

 

Multiple myeloma (MM) is a hematologic malignancy 

characterized by the clonal proliferation of plasma cells 

within the bone marrow, accompanied by the presence 

of monoclonal proteins in the blood or urine, and asso-

ciated organ dysfunction [1]. About 1% of all cancers 

and 10% of hematologic malignancies are attributed to 

multiple myeloma, which is recognized as the second 

most common hematologic malignancy in adults [2,3]. 

Clinical presentations in MM patients are diverse, in-

cluding anemia, hypercalcemia, bone pain, renal insuffi-

ciency, and immunosuppression, which collectively 

contribute to diagnostic complexity [3]. Given these 

challenges, the role of laboratory investigations is criti-
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cal for the early identification and diagnosis of MM. 

Malignant plasma cell clones produce excessive 

amounts of abnormal immunoglobulins, which increase 

blood viscosity and hence make thrombosis more likely 

in MM patients [4]. Moreover, the elevated total protein 

concentration, particularly hyperimmunoglobulinemia, 

results in altered serum density, complicating serum 

separation from collected blood [5]. The serum fraction 

is critical for conducting biochemical analyses, and se-

rum separator tubes (SSTs) are commonly employed to 

isolate the serum compartment after centrifugation. 

However, extracting serum fragments from protein-rich 

samples of MM patients is extremely challenging due to 

their elevated serum density and/or viscosity. A fre-

quent issue encountered is improper gel positioning 

within SSTs following centrifugation, underscoring the 

difficulty of obtaining serum samples from these pa-

tients [6]. 

In this report, we present a case with an excessively vis-

cous sample, which resulted in difficulties in obtaining 

serum after blood collection and centrifugation despite 

multiple attempts, together with various methods ap-

plied in our laboratory during the preanalytical phase to 

resolve the issue and obtain the patient’s results. Con-

sidering the clinical significance of this condition, we 

believe that reporting alternative solutions may assist 

healthcare professionals and enhance patient benefits. 

 

 

CASE PRESENTATION 

 

A 54-year-old male presented to the Ankara Bilkent 

City Hospital Hematology Clinics with complaints of 

back pain, generalized weakness, and fatigue on March 

4, 2025. Laboratory tests and imaging modalities are or-

dered accordingly. The imaging techniques suggest a 

suspicion of MM lesions in the skeletal structures. 

Blood samples collected for laboratory analysis were in-

sufficient in volume due to their hyperviscous state. 

Due to the difficulty of obtaining serum from a highly 

viscous sample, the clinics referred the case to the De-

partment of Biochemistry of the same hospital to re-

solve the problem. To extract an adequate volume of 

liquid compartment, such as serum or plasma from col-

lected blood, a plan was established based on literature 

research, and the solutions listed in Table 1 were subse-

quently implemented. Various analyses could then be 

performed, including serum protein electrophoresis 

(SPE), which revealed the presence of M-protein (Fig-

ure 1a), and immunofixation electrophoresis (IFE), 

which identified this protein as IgG–Kappa (Figure 1b). 

Therefore, the assay results confirmed the diagnosis of 

multiple myeloma (MM), and a treatment plan was es-

tablished. All blood collection tubes used in the labora-

tory were manufactured by BD (Becton, Dickinson and 

Company, Franklin Lakes, NJ, USA). The study proto-

col received approval from the Ankara Bilkent City 

Hospital Ethics Committee, with the decision number 2-

25-1347. 

RESULTS 

 

Repeating the centrifugation process or extending the 

duration of centrifugation in SST did not result in suffi-

cient serum volume to carry out the laboratory analysis. 

Collecting blood into a heparinized tube did not yield an 

adequate amount of plasma, as the sample shown in 

Figure 2a became noticeably viscous quickly after cen-

trifugation. The other method involved sampling in-to a 

plain tube with dilution at 1/2 and 1/4 ratios. Centrifu-

gation of the sample resulted in a sufficient amount of 

serum (Figure 2b, 2c). The necessary amount of plasma 

is obtained using a mechanical separator tube (MST) 

(Figure 2d). The laboratory results obtained using a 

MST and diluted samples in plain tubes are presented in 

Table 2. 

We calculated the percentage differences (% difference) 

between the results of MST and the diluted samples at 

1/2 and 1/4 ratios. These differences are then categoriz-

ed as less than or equal to 10% and greater than 10% 

across the tubes. We evaluated a total of 24 parameters. 

When comparing the results from MST and the 1/2 di-

luted sample, we found that 13 of them showed a differ-

ence of ≤ 10%. These parameters include: Albumin, Al-

kaline phosphatase (ALP), Alanine transaminase 

(ALT), Amylase, Calcium, Total cholesterol, Creatine 

Kinase (CK), Glucose, Lipase, Magnesium, Total pro-

tein, Uric Acid, and High Density Lipoprotein (HDL). 

Results indicating a difference of less than 10% be-

tween 1/2 diluted sample and MST showed consistency 

in terms of reference range which means that the results 

either fell within the reference range or were above or 

below the reference limits, but were consistently in the 

same direction. 

The remaining 11 parameters showed a difference of 

more than 10% between MST results and those of a 1/2 

diluted sample including Aspartate aminotransferase 

(AST), Creatinine, Total and Direct Bilirubin, Gamma-

glutamyl transferase (GGT), Phosphate, Iron (Fe), Lac-

tate Dehydrogenase (LDH), Triglyceride, Urea and C-

Reactive Protein (CRP). Another comparison of the 

MST results with a 1/4 diluted sample revealed that this 

time the group with > 10% difference contains 20 pa-

rameters and additionally includes ALP, ALT, Amy-

lase, Calcium, CK, Magnesium, Total protein, Uric 

Acid and HDL when the dilution factor increases. 

 

 

DISCUSSION 

 

Malignant clones of plasma cells produce and release 

M-protein into the bloodstream that can interfere with 

laboratory assays. Frequently reported interferences 

may involve a direct mechanism in which the precipita-

tion of M-proteins affects chemical assays that rely on 

turbidimetry or absorbance for measurement. M-protein 

may also interfere with the gel positioning of SST upon 

centrifugation. This gel dislocation may be attributed to 

the increased viscosity of the sample, which can occur 
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Table 1. Laboratory Examinations. 

 

1. Repeating centrifugation 
The samples are routinely centrifuged at 4,000 RPM for 10 minutes in the 

laboratory. This procedure is repeated twice in SST. 

2. Extended Centrifugation Duration The sample is centrifuged for 20 minutes in SST. 

3. Using a heparinized tube 
The routine centrifugation process is carried out in a heparinized tube to yield 

plasma. 

4. Using a plain tube and diluting the sample 
After collection, the complete blood sample is quickly diluted at 1/2 and 1/4 

ratios by using a 0.9% isotonic saline solution in plain tubes. 

5. Mechanical separator tube usage 
A special centrifugation process is performed at 2,400 x g (relative centrifugal 

force) for 10 minutes to yield plasma in MST. 

6. Precipitation with polyethylene glycol 

solution 

The procedure is planned but could not be performed due to insufficient 

sample volume. 

 

 

 

 
Table 2. The laboratory results of the patient for biochemical parameters. 

 

Parameters Results of MST * 
Results of PT # 

1/2 dilution 

Results of PT # 

1/4 dilution 
Reference range 

Albumin (g/L) 36.6 34.1 33.4 32 - 48 

ALP (U/L) 32.0 30.0 22.5 56 - 119 

AST (U/L) 23.5 26.5 11.7 < 35 

ALT (U/L) 39.0 37.5 22.5 < 50 

Amylase (U/L) 199 177 144 30 - 118 

Ca (mg/dL) 9.61 9.15 7.56 8.7 - 10.4 

Total Cholesterol (mg/dL) 97.0 92.5 94.5 < 200 

CK (U/L) 92.0 90.0 72.0 32 - 294 

Creatinine (mg/dL) 1.27 0.57 0 0.7 - 1.3 

Total Bilirubin (mg/dL) 0.42 0.29 0.36 0.3 - 1.2 

Direct Bilirubin (mg/dL) 0.12 0.10 0.10 < 0.3 

GGT (U/L) 34.0 27.5 22.5 < 73 

Glucose (mg/dL) 93.0 88.0 92.0 70 - 99 

Phosphate (mg/dL) 4.70 4.15 3.46 2.4 - 5.1 

Iron (ug/dL) 42.0 36.0 31.5 65 - 175 

LDH (U/L) 171 207 112 120 - 246 

Lipase (U/L) 66.0 61.7 70.0 12 - 53 

Mg (mg/dL) 1.71 1.62 1.17 1.3 - 2.7 

Total Protein (g/L) 114 102 92 57 - 82 

Triglyceride (mg/dL) 58.0 47.5 67.5 < 150 

Uric Acid (mg/dL) 7.90 7.75 6.75 3.7 - 9.2 

Urea (mg/dL) 50.0 64.0 58.0 19 - 49 

CRP (mg/L) 7.60 3.0 0.50 0 - 5 

HDL (mg/dL) 25.4 27.1 20.9 > 40 

 

* MST: Mechanical seperator tube, # PT: Plain tube. 

 

 

 

in monoclonal gammopathies with marked hyperpro-

teinemia and, especially, hyperimmunoglobulinemia [5-

7]. Moreover, studies reported that laboratories utilizing 

automated pre-analytical processes, like centrifugation 

and sample transport to analyzers, face issues with se-

rum samples that are not fully separated in SSTs. A key 

problem is probe occlusion caused by hyperviscous 

samples that are integrated into analytical systems with-
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Figure 1a. Serum Protein Electrophoresis result. 

 

 

 

 

 

 

 
 

 
 

Figure 1b. Immunofixation electrophoresis result. 

 

 

 

 

out visual inspection [8]. 

All these factors create challenges in laboratory ana-

lyses and in obtaining serum from highly viscous sam-

ples of MM patients. The study by Zaharudin et al. 

showed that prolonging the centrifugation time to elimi-

nate insufficient centrifugal force as a cause for not ob-

taining an adequate serum volume did not resolve the 

problem [6]. Birdi et al. found that repeated centrifuga-

tion did not resolve the hyperviscosity issues in their 

sample. Consequently, they diluted the sample at a 1/10 

ratio, which allowed them to obtain the results [9]. To 

yield a sufficient amount of serum, Zhang et al. and 

Gerin et al. used a plain blank tube, and Rico Rios et al. 

utilized a lithium heparin tube for biochemical analyses, 

which has been reported to be more effective than SST 

[4,10,11]. 

Based on our literature review, we initially repeated the 

centrifugation process and increased the duration of 
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Figure 2. Laboratory examinations performed to obtain sufficient sample volume. 
 
Figure 2a: Heparinized tube. 

Figure 2b: Excessively viscous sample centrifuged in plain tube. 

Figure 2c: Diluted and centrifuged samples in plain tubes. 

Figure 2d: Mechanical seperator tube. 

 

 

 

 

centrifugation. However, we were unable to obtain re-

sults due to the high viscosity, which is consistent with 

previous reports [6,9]. Then we utilized a heparinized 

tube, but could not obtain a sufficient portion of plasma. 

The reason we were unable to obtain results using a 

heparinized tube, while Rico Rios et al. did achieve re-

sults, may be due to differences in total protein and M-

protein concentrations between the two cases at the time 

of measurement. Additionally, the sample from our case 

was collected before the initiation of treatment, which 

could also contribute to the greater viscosity of the sam-

ple [10]. We conducted laboratory analyses using a 

plain tube, in which we performed 1/2 and 1/4 dilutions, 

and a mechanical separator tube (MST), an additional 

procedure beyond the literature search. The reason for 

the trial of MST in this case was its advantageous fea-

tures, such as a shorter centrifugation time without the 

need for a prior waiting step before centrifugation. This 

enables faster plasma collection, resulting in a reduced 

turnaround time for reporting results [12]. 

 

 

CONCLUSION 

 

To our knowledge, there are no reports in the literature 

indicating that MST can be used to analyze hypervis-

cous samples. However, in our study, the optimal re-

sults closely related to the patient's clinical status were 
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obtained from MST, followed by diluted samples in 

plain tubes. A comparison of the MST results with di-

luted samples at 1/2 and 1/4 ratios showed that increas-

ing the dilution factor led to greater discrepancies from 

the MST values and reduced the compatibility of the re-

sults. The most accurate results, in comparison to MST, 

were achieved with the 1/2 diluted sample, as indicated 

in Table 2. 

Given the limited number of reports that address similar 

cases along with the potential negative impacts this con-

dition may have on patient outcomes (where clinical de-

cisions may vary based on inaccurate results) and costs 

(such as the need for probe renewal and interruptions to 

laboratory workflow), we aimed to share our experience 

and the solutions we implemented to resolve the issue 

and maximize patient benefits from healthcare. Upon 

considering the challenges and costs of utilizing MST in 

clinical laboratories, we concluded that using plain 

tubes and initiating the dilution at a 1/2 ratio as an alter-

native to MST may enable laboratories to obtain results 

that closely align with the patient's clinical status. 
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