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Background: To rapidly obtain outpatient results, we use plasma separation tubes (PST) 
for chemistry analysis. If lactate dehydrogenase measurement is required, serum separa-
tion tubes (SST) are used. There has been no evaluation of hemolysis with these tubes. We 
compared the hemolytic index (HI) obtained by using PST and SST and applied this for 
choosing appropriate tubes for clinical laboratories.

Methods: The HI of specimens obtained from outpatients visiting Asan Medical Center 
between July and December 2012 was analyzed. The HI was scored from 0 to 10 by us-
ing the Toshiba 200FR (Toshiba Medical Systems Co., Japan). HI was classified by sam-
ple tube type, and significant hemolysis was defined as a HI of 2 or more. For significant 
hemolysis cases, medical records were reviewed to identify the causes.

Results: Among 171,519 specimens, significant hemolysis was observed in 0.66% of speci-
mens (0.68% of PST specimens, 0.46% of SST specimens). The mean HI in PST was 0.18 
(SD: 0.43) and that in SST was 0.14 (SD: 0.37). The proportion of significant hemolysis was 
significantly higher in PST than in SST (P =0.001). The cause of significant hemolysis was 
identified as chemotherapy and prosthetic valve in 48.1% of specimens. Complex sampling 
errors may have caused significant hemolysis in the remaining 51.9% of specimens. 

Conclusions: The incidence of hemolysis was slightly higher for PST than SST, although 
both were <1%. PST are thought to be more useful than SST in outpatient testing because 
of rapid turnaround time, greater sample volume, and less risk of random errors due to fibrin 
strands. 
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INTRODUCTION

At our institution, test results for outpatients are provided within 1 

hr of sampling [1]. To reduce the turnaround time (TAT) for gen-

eral chemistry analysis, plasma separation tubes (PST, Greiner 

Bio-One, Austria) are used, which are not dependent on coagula-

tion. When lactate dehydrogenase (LD) testing is requested, se-

rum separation tubes (SST, Greiner Bio-One) are used, as the re-

sults for serum differ from those for plasma [2].

 Hemolysis is one of the most common preanalytical variables 

to affect test results. There are three mechanisms through which 

red blood cell (RBC) hemolysis may affect test results. The first 

is the difference between the intracellular and extracellular RBCs 

concentrations. A previous study showed that in samples with 

low levels of hemolysis (free Hb less than 0.6 g/L), LD and potas-

sium were increased by 24% and 3.2%, respectively [3]. In con-

trast, a dilution effect has been observed for albumin in the pres-

ence of hemolysis. The second mechanism through which RBC 

hemolysis may affect test results is optical interference caused 

by the color of Hb. The third mechanism is the interference of 

materials from RBCs with reactions [4]. Although not yet stan-

dardized, the hemolytic index (HI) has been suggested as a 

marker to estimate specimen quality [5-7].

 Several studies have compared test results obtained with PST 
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and SST [8-12]. However, there has been no comparison of 

RBC hemolysis between these two types of tubes. In this study, 

we semi-quantitatively evaluated RBC hemolysis with PST and 

SST and investigated the cause of significant hemolysis.

METHODS

1. Specimens
We analyzed the HI of the specimens from outpatients who vis-

ited the Asan Medical Center (Seoul, Korea) between July 1 and 

December 31, 2012 and who underwent routine chemistry tests. 

During the research period, 171,519 specimens were submitted 

to the laboratory for testing. PST and SST were used for 154,886 

and 16,633 specimens, respectively. The HI is a semiquantita-

tive index measured by using the Toshiba-200FR automated in-

strument (Toshiba Medical Systems Co., Tokyo, Japan). This 

system reports HI values based on Hb concentration: 0, Hb is 

not detected; 1, less than 0.5 g/L Hb; 2, 0.5-1.0 g/L Hb; 3, 1.0-

1.5 g/L Hb; 4, 1.5-2.0 g/L Hb; 5, 2.0-2.5 g/L Hb; 6, 2.5-3.0 g/L 

Hb; 7, 3.0-3.5 g/L Hb; 8, 3.5-4.0 g/L Hb; 9, 4.0-4.5 g/L Hb; and 

10, more than 4.5 g/L Hb. A free Hb concentration of more than 

0.5 g/L affects the direct bilirubin result, and a free Hb concen-

tration of more than 2.5 g/L affects the results of the creatine ki-

nase test. The results of routine chemistry analyses, including 

AST, ALT, potassium, sodium, and LD tests, may be affected by 

a free Hb concentration of more than 5 g/L [9]. As a HI of 1 was 

defined by a free Hb concentration of less than 0.5 g/L and a HI 

of 2 was defined by a free Hb concentration of 0.5-1.0 g/L, a sig-

nificant hemolysis was defined as a HI of 2 or more.

 When a significant hemolysis was identified, we reviewed the 

sampling process and the patient’s medical records to determine 

the cause of hemolysis. The causes of RBC hemolysis were clas-

sified as in vitro or in vivo. In vitro causes of hemolysis included 

contamination, incorrect needle size, improper tube mixing, in-

correctly filled tube, excessive suction, prolonged storage, diffi-

cult collection, and mechanical blood processing. Several intrin-

sic diseases, including hereditary spherocytosis, paroxysmal 

nocturnal hemoglobinuria, glucose-6-phosphate dehydrogenase 

deficiency, thalassemia, and sickle cell disorder, and extrinsic 

factors, such as chemical agents, physical agents, infectious 

agents, and immune hemolytic anemia, were considered to be 

in vivo causes of hemolysis [13, 14]. And the patients under 5 yr 

old were analyzed separately because we use scalp needles for 

these patients.

2. Statistical methods
IBM SPSS Statistics, version 21.0 for Windows (SPSS Inc., Chi-

cago, IL, USA) was used for statistical analysis. HI distribution in 

patients under 5 yr old for PST and SST was compared by using 

Fisher’s exact test. P value less than 0.05 was considered signifi-

cant. 

RESULTS

A total of 83.02% (142,388 of 171,591) of specimens had a HI 

value of 0 and 16.33% (28,003 of 171,519) had a HI value of 1. 

The average HI value was 0.18 (SD: 0.43) for PST specimens 

and 0.14 (SD: 0.37) for SST specimens, indicating that the HI 

was slightly higher for PST than SST specimens. The distribu-

tion of HI in each tube is shown in Table 1.

 It is difficult to draw blood from children. Samples from young 

children are more vulnerable to hemolysis. 

 Significant hemolysis occurred more frequently in specimens 

from young patients (P <0.001, Table 2). As in vivo causes of 

hemolysis were not identified in the patients under 5 yr old, he-

molysis was thought to be due to complex sampling errors.

 The medical departments that showed the highest incidences 

of significant hemolysis were the pediatric chest surgery 

(8.47%), pediatric hemato-oncology (7.06%), neonatology 

Table 1. Hemolytic index distribution of specimens collected in 
plasma separation tubes and in serum separation tubes

Hemolytic index PST specimen, N (%) SST specimen, N (%)

  0 128,009 (82.65) 14,379 (86.45)

  1 25,826 (16.67) 2,177 (13.11)

  2 753 (0.49) 60 (0.36)

  3 192 (0.12) 13 (0.08)

  4 57 (0.04) 0 (0.00)

  5 22 (0.01) 2 (0.01)

  6 13 (0.01) 1 (0.01)

  7 6 (0.00) 1 (0.01)

  8 2 (0.00) 0 (0.00)

  9 3 (0.00) 0 (0.00)

10 3 (0.00) 0 (0.00)

Total 154,886 (100) 16,633 (100)

Abbreviations: PST, plasma separation tube; SST, serum separation tube.

Table 2. Occurrence of significant hemolysis by age group (P <0.001)

Hemolytic index Age<5 yr, N (%) Age≥5 yr, N (%)

<2 (1.0 g/L Hb) 842 (90.9) 169,549 (99.4)

≥2 (1.0 g/L Hb) 84 (9.1) 1,044 (0.6)

Total 926 (100) 170,593 (100)
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(4.35%), pediatric urology (2.94%), and pediatric and adoles-

cent medicine (2.63%) departments. 

 Of the samples that had significant hemolysis (HI≥2), 491 

specimens were from patients undergoing chemotherapy (PST, 

423; SST, 68), and 52 were from patients with prosthetic valves 

(PST, 51; SST, 1). The cause of hemolysis was not identified in 

558 cases (51.9%). 

DISCUSSION

In order to rapidly report laboratory results, it is important to se-

lect appropriate sampling tubes. SST require more time to per-

form tests because coagulation needs to occur. The TAT for SST 

is increased, particularly for patients undergoing anticoagulant 

therapy or those with chronic liver disease [9-11]. As PST do 

not require coagulation to occur, they can be centrifuged imme-

diately, reducing the time for analysis. To date, several compara-

tive studies on the test results obtained using PST and SST have 

been performed [8-12]; however, no study has compared these 

types of tubes and the effects of RBC hemolysis.

 The mean HI and proportion of significant hemolysis were 

slightly higher for the PST than for the SST. The higher propor-

tion of hemolysis observed with the use of PST is likely attribut-

able to the continuous friction between RBCs that occurs during 

centrifugation, whereas specimens collected in SST undergo co-

agulation prior to centrifugation. It has been demonstrated previ-

ously that elevated potassium concentrations occur more fre-

quently with the use of PST than the use of SST [8]. Further-

more, potassium concentration is thought to be increased by he-

molysis during specimen transportation [15].

 The proportion of specimens that had clear and unclear 

causes of significant hemolysis were 48.14% (543 of 1,128) and 

51.86% (585 of 1,128), respectively. The most frequent cause of 

significant hemolysis was chemotherapy (PST, 423; SST, 68). 

Anemia is frequently present in patients undergoing chemother-

apy, which may be explained by decreased hematopoiesis or in-

creased hemolysis [16]. It has been reported that a patient re-

ceiving 1,3-bis(2-chloroethyl)-1-nitrosourea was vulnerable to he-

molysis and showed decreased glutathione reductase levels [17]. 

Increased mechanical hemolysis has been reported in patients 

with prosthetic valves [18]; in the current study, 52 cases of he-

molysis were caused by prosthetic valves (PST, 51; SST, 1). In the 

patients included in the study, there were no cases of hereditary 

spherocytosis, paroxysmal nocturnal hemoglobinuria, glucose-

6-phosphate dehydrogenase deficiency, thalassemia, or sickle 

cell disorder, all of which can trigger in vivo and intrinsic hemoly-

sis. Furthermore, no patients were diagnosed with an infectious 

agent that causes hemolysis or immune hemolytic anemia. 

 Cases with known causes of hemolysis were excluded from 

further analysis. The medical record and sampling process were 

reviewed for the remaining specimens that had significant he-

molysis. No specific causes of hemolysis were identified for 585 

cases, which may be as a result of hemolysis being caused by a 

combination of factors. A total of 84 cases of unknown cause of 

hemolysis occurred in children younger than 5 yr old. It is diffi-

cult to obtain blood specimens from children using a vacuum 

extraction system because of their thin blood vessels. We used 

a scalp needle to obtain blood samples from children younger 

than 5 yr old. Thus, the in vitro hemolysis observed in children 

younger than 5 yr old was likely caused by multiple factors, in-

cluding the use of incorrect needle size, excessive suction, and 

difficult collection. The proportion of cases with HI of 2 or more 

in children younger than 5 yr old was 9.3%, which is 15-fold 

higher than that in patients older than 5 yr (0.6%), confirming 

that hemolysis occurs frequently in children during sampling. 

Comparison of the departments that had the highest incidence 

of significant hemolysis revealed that the top five were depart-

ments related to children.

 There are limitations in this study. It was not possible to take 

specimens in the two tube types simultaneously from a single 

patient to directly compare the results in each tube. Thus, indi-

vidual patient characteristics might affect the results of this 

study. It was not possible to estimate the effect of hemolysis on 

chemistry test results. 

 Specimens collected in SST need coagulation to occur prior to 

centrifugation. Incomplete clotting can result in fibrin strands in 

the specimens and critical random errors, which are especially 

problematic for patients who take anticoagulants or who have 

chronic liver diseases. This potential risk was considered bigger 

than the risk from hemolysis, which occurs more frequently with 

PST than with SST. In addition, PST has a more rapid TAT than 

SST. Thus, we have decided to continue using PST in our labo-

ratory.

 This is the first study to compare the HI of PST and SST speci-

mens. This study will be useful for laboratories identifying the 

appropriate sample tubes for use in chemistry testing.
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