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Background/Aims: Various preoperative screening tests, such as platelet count, 
prothrombin time, activated partial thromboplastin time, and bleeding time, 
have been widely used to evaluate the risk of bleeding during surgery. Use of 
platelet function analyzer (PFA)-100/200 for assessing platelet function instead of 
bleeding time is increasing. However, its role in predicting the perioperative risk 
of bleeding remains controversial. 
Methods: Data of 703 patients who underwent surgery under general anesthesia 
were retrospectively analyzed. Preoperative platelet function was measured using 
PFA-200 system and the association with intraoperative bleeding was assessed. 
Additionally, other variables that could affect PFA-200 results were assessed by 
logistic regression analysis.
Results: Collagen/epinephrine (COL/EPI) test was prolonged in 199/703 (28.3%) 
patients (EPI group), while 99/212 (46.7%) patients showed COL/adenosine diphos-
phate test abnormalities. Bleeding over 300 mL during surgery occurred in 14.3% 
and 20.1% of patients in the normal and EPI groups, respectively (p = 0.058). In 
addition, red blood cell transfusion within 72 hours after surgery rate was sig-
nificantly higher in the EPI group than in the normal group (31.7% vs. 23.4%, p = 
0.024). In multivariate logistic analysis, prolongation closure time with COL/EPI (p 
= 0.068) was marginally associated with risk of bleeding during surgery. Further-
more, PFA-200 results were influenced by various factors, such as nonsteroidal 
anti-inflammatory drug use, blood group, hematocrit, and time of blood collec-
tion.
Conclusions: Preoperative PFA-200 test may be helpful in predicting the risk of 
perioperative bleeding. However, its results should be carefully interpreted be-
cause they are affected by several factors.
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INTRODUCTION

Excessive bleeding is one of the most important com-
plications of surgery. In case of neurosurgery or cardiac 
surgery, bleeding complications can lead to devastating 
consequences. Thus, it is very important to evaluate 

patient’s baseline bleeding tendency and to detect im-
paired hemostasis prior to invasive procedures such as 
surgery. In fact, it is common to have hemorrhagic com-
plications that lead to a fatal outcome after surgery with-
out proper evaluation of the hemostasis abnormalities. 
In order to identify patients with impaired hemostasis, 
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it is necessary to assess bleeding history and family his-
tory and perform physical examination. In addition, 
various preoperative laboratory test parameters, includ-
ing platelet count, prothrombin time (PT), activated 
partial thromboplastin time (aPTT), and bleeding time 
(BT), can be used to evaluate the risk of bleeding during 
surgery [1]. However, their role in assessing the risk of 
bleeding is still controversial and routine preoperative 
testing is not recommended in patients without a bleed-
ing history [1,2]. 

Various coagulation screening tests, such as PT and 
aPTT, are used to identify defect of coagulation path-
way. To evaluate the adequacy of platelet function, BT 
and platelet aggregation tests has been used for many 
years. However, the use of BT test is gradually decreas-
ing due to several limitations: low sensitivity, high op-
erator dependency, clinical usefulness, and invasiveness 
[3]. Platelet aggregation assessed by light transmission 
aggregometry or whole blood aggregometry is much 
more sensitive methods for detecting platelet dysfunc-
tion compared to BT test. However, these tests are rel-
atively complicated, expensive, and time-consuming 
[4]. Recently, platelet function analyzer (PFA)-100 has 
been widely used as an alternative to overcome the lim-
itations of prior tests [5-8]. The PFA-100 is a test device 
capable of measuring platelet adhesion and aggregation 
function under high shear-stress blood flow conditions 
comparable to those that occur in vivo [5]. Platelet adhe-
sion and aggregation occur following exposure to plate-
let agonists, such as epinephrine (EPI)- or adenosine 
diphosphate (ADP)-coated membranes. As a result, the 
time until the membrane aperture occlusion (closure 
time) is measured by PFA-100. The recently introduced 
PFA-200 is an upgraded version of the PFA-100.

The most potent role of PFA-100/200 is that of a 
screening tool for detection of primary hemostasis 
abnormalities, such as von Willebrand disease (vWD) 
and various platelet disorders [9,10]. In addition, recent 
studies have shown its utility in monitoring antiplatelet 
therapy (including aspirin) and desmopressin therapy 
in both vWD and platelet disorders [5,11,12]. The use of 
PFA-100/200 test is increasing because it is easy to use 
and has a high sensitivity to detect hemostasis abnor-
malities [8]. However, its role as a preoperative screen-
ing tool to predict the risk of bleeding during invasive 
procedure, such as surgery, remains controversial. Some 

studies have reported that PFA-100/200 results were as-
sociated with perioperative bleeding risk, while other 
studies found no correlation between the calculated 
blood loss and either preoperative or postoperative PFA-
100 values [13-16]. Another problem of PFA test is that 
the closure time (CT) of PFA-100 is influenced by several 
other factors not actually related to bleeding. To date, 
blood group, time of blood collection, plasma vWF level, 
citrate concentration, low platelet count, and hematocrit 
have been reported to affect CT [8,17].

In this study, we aimed to identify the variables that 
affect the results of PFA-200 test. Furthermore, we esti-
mated the usefulness of PFA-200 test as a preoperative 
test to predict the risk of bleeding in patients undergo-
ing various types of surgery.

METHODS

Patients
Data of 703 patients older than 18 years who underwent 
surgery under general anesthesia at Korea University 
Guro Hospital between October 2015 and April 2016 
were retrospectively analyzed. Various real-world types 
of surgery, ranging from simple surgery, such as appen-
dectomy, to cancer surgery or open-heart surgery, were 
analyzed in this study. Patients with a history of bleed-
ing disorder or bleeding symptoms at the time of pre-
operative risk evaluation were excluded. Comprehensive 
chart reviews of patients’ demographic information and 
previous history, including major comorbidities and the 
use of anticoagulant and non-steroidal anti-inflamma-
tory drugs (NSAID), were assessed. The Korea University 
Guro Hospital Institutional Review Board approved this 
study (2019GR0113). Informed consent was waived by the 
board.

Measurement of PFA and other variables
The whole blood sample for platelet function analysis 
was collected in a 3.2% sodium citrate anticoagulant 
bottle. After the collection, samples were kept at room 
temperature (15°C to 25°C) and transferred to the labo-
ratory. Innovance PFA-200 system (Siemens Healthcare 
Diagnostics Products, Munich, Germany) was used to 
assess platelet function. The test was performed at least 
15 minutes after the collection of samples for blood 
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equilibration and up to 5 hours considering the sample 
stability according to the manufacturer’s recommenda-
tion [8]. In our institution, platelet count, PT, aPTT, and 
PFA are tested in all patients scheduled for surgery to 
determine the risk of bleeding according to the anesthe-
siologist’s policy. In case of the PFA test, COL/EPI test 
was performed first and the COL/ADP test was addi-
tionally confirmed in patients with an abnormal initial 
EPI test. However, both COL/EPI and COL/ADP tests 
were performed simultaneously in some patients. The 
laboratory results of preoperative evaluation, including 
complete blood count, PT, aPTT, liver function test, 
renal function test, electrolytes, and blood group, were 
collected.

Perioperative bleeding risk evaluation
Included patients were categorized according to the type 
of surgery. The severities of surgery were classified to 
major surgery and minor surgery according to the fol-
lowing criteria. Major surgery was defined as an opera-
tion in which a body cavity was entered, a mesenchymal 
barrier was crossed, a facial plane was opened, an organ 
was removed, or normal anatomy was altered. Minor 
surgery or procedure was defined as an any operative 
procedure in which only the skin, mucous membranes, 
or superficial connective tissue was manipulated, such 
as an endoscopic procedure, biopsy, incision & drain-
age, or similar procedure [18]. In addition, to assess 
perioperative bleeding complications, we investigated 
each patient’s blood loss volume during surgery record-
ed in the operation note, hemoglobin (Hb) concentra-
tion before and after the surgery, and the amount of red 
blood cell (RBC) transfusion performed during and 72 
hours after surgery.

Statistical analysis
All the data were statistically analyzed using IBM SPSS 
version 20 (IBM Co., Armonk, NY, USA). Patient demo-
graphics, preoperative laboratory findings, and bleeding 
outcome of surgery were compared between two groups 
according to the results of PFA closure time. Indepen-
dent t test and Mann-Whitney test were used to detect 
statistical differences between the two groups for con-
tinuous variables. Chi-square test or Kruskal-Wallis test 
was applied for comparisons of categorical variables. To 
identify predictive factors for bleeding events during 

surgery, univariate and multivariate logistic regression 
analyses were performed. Cox proportional hazards re-
gression analysis was conducted using statistically sig-
nificant variables in univariate analysis (p < 0.1). A p val-
ues < 0.05 was considered statistically significant.

RESULTS

Patients characteristics
A total of 703 patients who underwent surgery were eval-
uated in this study. Of them, 223 (31.7%) patients showed 
prolongation of PFA CT just before surgery. Baseline 
characteristics of patients, abnormal results of PFA test 
(PFA group), and normal results (normal group) are de-
tailed in Table 1. The proportions of younger and male 
patients were significantly higher in normal group than 
in PFA group. The proportion of patients with hyper-
tension or cardiovascular disease was significantly 
higher in the PFA group than in the normal group. In 
addition, the use of antiplatelet drugs or NSAID were 
also higher in the PFA group. Table 2 demonstrates pre-
operative laboratory results of patients. The proportion 
of patients with Hb level < 120 g/L was higher in the 
PFA group than in the normal group (41.3% vs. 29.4%, 
p = 0.002). Other factors were not significantly different 
between the two groups. Table 3 demonstrates the types 
of surgery assessed in this study. No significant differ-
ence was found in the proportion of major surgery be-
tween the two groups (63.5% in normal group vs. 62.3% 
in prolongation group, p = 0.757). Abdominal surgery 
(32.3%) was the most common type of surgery, followed 
by orthopedic surgery (31.4%), and neurosurgery (9.7%). 
The categories of surgery applied in the two groups of 
patients were not significantly different (p = 0.939).

PFA closure times
CT prolongation as revealed by COL/EPI test was detect-
ed in 199/703 (28.3%) patients (EPI group), while 99/212 
(46.7%) patients had abnormalities in the COL/ADP 
test (ADP group). Seventy-five patients (35.4%) showed 
CT prolongation by both tests. Median CTs with COL/
EPI test were 135 seconds (range, 35 to 249) in the nor-
mal group and more than 300 seconds (range, 250 to 
more than 300) in the EPI group. The COL/ADP test 
was performed in 212 patients, with median CTs of 93 
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seconds (range, 43 to 110) in the normal group and 138 
seconds (range, 110 to 300) in the ADP group. Of the fac-
tors affecting the results of PFA test, medication history, 
such as antiplatelet or NSAID, was the most significant. 
The CT results with COL/EPI of patients taking aspi-
rin (250 seconds) were found to be significantly longer 
than those patients who did not take anti-platelet drugs 
(154 seconds) or other anticoagulants (177 seconds) (p < 
0.001) (Table 4). In case of NSAID, median CT results 
with COL/EPI were 215 sec for patients who received 
NSAID, and 147 sec for patients who had no medication 
(p < 0.001). However, the CT results of the COL/ADP test 
were not affected by antiplatelet (p = 0.391) or NSAID (p = 
0.249) drug use. Patients with low Hb level (< 120 g/L) in 
preoperative test showed prolonged CT results in both 
COL/EPI (p = 0.027) and COL/ADP test (p < 0.001). Simi-
lar results were obtained in patients with low hematocrit 
(< 35%). PT and aPTT test were excluded from the anal-

ysis because the number of patients who had abnormal-
ities in the preoperative examination was too small. CT 
results with COL/EPI test were found to be influenced 
by blood sampling time, with the lowest (148 seconds) 
in the morning (6:00 to 12:00) and the most prolonged 
(186 seconds) at night (18:00 to 24:00). CT prolongation 
in patients with type O blood group was revealed only 
by the COL/ADP test (p = 0.022) and not by the COL/EPI 
test (p = 0.916).

Bleeding outcomes with surgery
To confirm the effect of the abnormal PFA results on 
the operation, several parameters, such as the volume 
of blood loss during operation, amount of RBC transfu-
sion, and amount of Hb decrease, were assessed. Table 5 
demonstrates postoperative bleeding outcomes between 
two groups. The rate of patients with bleeding over 300 
mL during surgery was 14.3% in the normal group and 

Table 1. Baseline characteristics of included patients 

Characteristic Total (n = 703)
PFA closure time

p value
Normal (n = 480) Prolongation (n = 223)

Age, yr 60 (18–95) 56 (18–94) 61 (18–95) < 0.001

Sex, male/female 360/343 260/220 100/123 0.021

Body mass index, kg/m2 23.6 (14.1–41.9) 23.4 (14.1–41.9) 24.1 (15.2–35.5) 0.189

Underlying disease, %

Hepatic disease 67 (9.5) 44 (9.2) 23 (10.3) 0.630

Hypertension 201 (28.6) 121 (25.2) 80 (35.9) 0.004

Cardiac disease 61 (8.7) 27 (5.6) 34 (15.2) < 0.001

Pulmonary disease 26 (3.7) 17 (3.5) 9 (4.0) 0.747

Cerebrovascular disease 49 (7.0) 29 (6.0) 20 (9.0) 0.156

Malignancy 83 (11.8) 62 (12.9) 21 (9.4) 0.181

Diabetes mellitus 91 (12.9) 55 (11.5) 36 (16.1) 0.085

Thyroid disease 50 (7.1) 30 (6.2) 20 (9.0) 0.192

Chronic kidney disease 30 (4.3) 19 (4.0) 11 (4.9) 0.552

Anticoagulant, % < 0.001

Aspirin 60 (8.5) 24 (5.0) 36 (16.1)

Other antiplatelet 41 (5.8) 26 (5.4) 15 (6.7)

Aspirin + other 14 (2.0) 5 (1.0) 9 (4.0)

NSAID, % 252 (35.8) 134 (27.9) 118 (52.9) < 0.001

Values are presented as median (range) or number (%).
PFA, platelet function analyzer; NSAID, nonsteroidal anti-inflammatory drug.
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20.1% in the EPI group (p = 0.058). No significant dif-
ference was detected in median volume of blood loss 
during surgery between normal and EPI groups (600 
mL vs. 500 mL, p = 0.569). The proportion of patients 
with RBC transfusions to restore blood loss during sur-
gery was not significantly different between in normal 
group and EPI group (15.1% vs. 20.1%, p = 0.106). To con-
firm the outcomes of delayed bleeding, we compared 
the amount of Hb reduction and the amount of RBC 

transfusion within 72 hours after surgery. The propor-
tion of patients with a significant decrease in Hb level 
of 30 g/L or more was not different between the normal 
and EPI groups (22.2% vs. 25.6%, p = 0.335). However, the 
frequency of RBC transfusion was significantly higher 
in the EPI group than in the normal group (31.7% vs. 
23.4%, p = 0.024). No significant difference in duration of 
hospital stay (11 days vs. 11 days, p = 0.207) was detected 
between the two groups. In case of COL/ADP test, no 

Table 2. Baseline laboratory findings

Characteristic Total (n = 703)
PFA closure time

p value
Normal (n = 480) Prolongation (n = 223)

Hemoglobin, g/L 0.002

≥ 120 470 (66.9) 339 (70.6) 131 (58.7)

< 120 233 (33.1) 141 (29.4) 92 (41.3)

Hematocrit, % 0.010

≥ 35 513 (73.0) 366 (76.2) 147 (65.9)

< 35 154 (21.9) 90 (18.8) 64 (28.7)

WBC count, /L 0.766

4.5–11 × 109 483 (68.7) 330 (68.8) 153 (68.6)

< 4.5 × 109 34 (4.8) 25 (5.2) 9 (4.0)

≥ 11 × 109 186 (26.5) 125 (26.0) 61 (27.4)

PLT count, /L 0.837

≥ 150 × 109 636 (90.5) 435 (90.6) 201 (90.1)

< 150 × 109 67 (9.5) 45 (9.4) 22 (9.9)

PT 0.324

Normal 692 (98.4) 474 (98.8) 218 (97.8)

Prolongation 11 (1.6) 6 (1.2) 5 (2.2)

aPTT 0.646

Normal 660 (94.3) 452 (94.6) 208 (93.7)

Prolongation 40 (5.7) 26 (5.4) 14 (6.3)

Albumin 0.681

Normal 619 (88.1) 421 (87.7) 198 (88.8)

Abnormal 84 (11.9) 59 (12.3) 25 (11.2)

Bilirubin 0.768

Normal 637 (90.6) 436 (90.8) 201 (90.1)

Abnormal 66 (9.4) 44 (9.2) 22 (9.9)

Creatinine 0.319

Normal 673 (95.7) 462 (96.2) 211 (94.6)

Abnormal 30 (4.3) 18 (3.8) 12 (5.4)

Values are presented as number (%).
PFA, platelet function analyzer; WBC, white blood cell; PLT, platelet; PT, prothrombin time; aPTT, activated partial thrombo-
plastin time.
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significant differences were found between the normal 
group and ADP group in all of the above variables.

Age (hazard ratio [HR], 1.02; 95% confidence interval 
[CI], 1.01 to 1.03; p = 0.002), severity of surgery (HR, 3.56; 
95% CI, 2.04 to 6.22; p < 0.001), preoperative aPTT (HR, 
2.81; 95% CI, 1.31 to 6.01; p = 0.008), and serum albu-
min level (HR, 4.29; 95% CI; 2.49 to 7.40; p < 0.001) were 
identified as predictive factors affecting bleeding events 
during surgery in multivariate logistic analysis (Table 
6). CT prolongation in COL/EPI test (HR, 1.55; 95% CI, 
0.97 to 2.47; p = 0.068) was marginally associated with in-
creased risk of bleeding during surgery. To exclude the 
confounding effects of anti-platelet drugs and NSAID, 
subgroup analysis was performed only on patients who 
did not receive anti-platelets and NSAID. In this sub-
group, multivariate logistic analysis revealed that sever-

ity of surgery (HR, 3.82; 95% CI, 1.74 to 8.37; p = 0.001), 
preoperative aPTT (HR, 3.29; 95% CI, 1.05 to 10.32; p = 
0.041), and serum albumin level (HR, 8.03; 95% CI, 3.70 
to 17.45; p < 0.001) were predictive factors for bleeding. In 
addition, COL/EPI test prolongation was found to be a 
significant predictive factor for intraoperative bleeding 
(HR, 1.16; 95% CI, 2.62 to 5.93; p = 0.021).

DISCUSSION

Unselected preoperative screening tests, such as PT, 
aPTT, and PFA-100/200, are generally not recommend-
ed for all patients without bleeding history because they 
may delay surgery inappropriately and cause unneces-
sary increases in medical costs [2,8]. However, unselect-

Table 3. Types of surgery assessed in the study

Characteristic Total (n = 703)
PFA closure time

p value
Normal (n = 480) Prolongation (n = 223)

Severity of surgery 0.757

Majora 444 (63.2) 305 (63.5) 139 (62.3)

Minorb 259 (36.8) 175 (36.5) 84 (37.7)

Category of surgery 0.939

Orthopedic surgery 221 (31.4) 153 (31.9) 68 (30.5)

Abdominal surgery 227 (32.3) 155 (32.3) 72 (32.3)

Neurosurgery 68 (9.7) 41 (8.5) 27 (12.1)

Thoracic surgery 44 (6.3) 34 (7.1) 10 (4.5)

Plastic surgery 26 (3.7) 18 (3.8) 8 (3.6)

Gynecological surgery 25 (3.6) 16 (3.3) 9 (4.0)

Otolaryngologic surgery 17 (2.4) 12 (2.5) 5 (2.2)

Urologic surgery 13 (1.8) 9 (1.9) 4 (1.8)

Cardiovascular surgery 11 (1.6) 7 (1.5) 4 (1.8)

Ophthalmic surgery 4 (0.6) 2 (0.4) 2 (0.9)

Breast surgery 3 (0.4) 2 (0.4) 1 (0.4)

Othersc 44 (6.3) 31 (6.5) 13 (5.8)

Values are presented as number (%). 
PFA, platelet function analyzer.
aMajor surgery: any procedure in which a body cavity was entered, a mesenchymal barrier was crossed, a facial plane was 
opened, an organ was removed, or normal anatomy was altered.
bMinor surgery: any operative procedure in which only the skin, mucous membranes, or superficial connective tissue were 
manipulated, such as gastroscopy, colonoscopy, and similar procedures.
cOthers include biopsy, simple incision & drainage, catheter insertion, and endoscopic procedure.
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ed preoperative screening tests are widely used to iden-
tify the risk of intraoperative bleeding in real clinical 
practice. In this study, we aimed to clarify the role of 
a preoperative PFA-200 test in a relatively large cohort 
of patients who underwent various types of surgery. As 
a result, the preoperative CT prolongation revealed by 
COL/EPI test was associated with increased risk of intra-

operative bleeding and postoperative RBC transfusion.
Preoperative screening tests to identify patients with 

primary or secondary hemostatic disorder is very im-
portant because intraoperative bleeding in these pa-
tients can cause fatal outcomes. However, until now, 
it is impossible to predict these diseases only by appli-
cation of specific tests, so the bleeding history, family 

Table 4. Factors affecting the results of PFA closure time

Characteristic
COL/EPI COL/ADP

Number Closure time p value Number Closure time p value

Anti-platelet drug

No use 587 154 (35–300) < 0.001 153 108 (43–300) 0.391

Aspirin 59 250 (83–300) 30 118 (46–300)

Other antiplatelet 40 177 (86–300) 18 105 (81–300)

Combination 14 265 (109–300) 8 114 (60–300)

NSAID

No 449 147 (35–300) < 0.001 111 109 (43–300) 0.249

Yes 251 215 (50–300) 98 107 (46–300)

Hemoglobin, g/L

≥ 120 469 153 (56–300) 0.027 126 103 (43–300) < 0.001

< 120 231 181 (35–300) 83 124 (60–300)

Hematocrit, %

≥ 35 512 157 (56–300) 0.039 141 103 (43–300) < 0.001

< 35 188 191 (35–300) 68 131 (60–300)

Platelet count, /L 

≥ 150 × 109 633 161 (35–300) 0.542 191 108 (43–300) 0.017

< 150 × 109 67 167 (71–300) 18 116 (89–300)

Blood collection timea

Dawn 87 169 (50–300) 0.004 36 100 (60–300) 0.766

Morning 160 148 (35–300) 58 107 (45–300)

Afternoon 303 157 (56–300) 83 109 (46–300)

Night 150 186 (81–300) 35 110 (43–300)

Blood group

A 237 163 (71–300) 0.916 71 100 (46–300) 0.122

B 192 156 (35–300) 53 110 (58–300)

AB 80 152 (68–300) 24 99 (45–300)

O 191 169 (50–300) 61 115 (43–300)

Values are presented as median (range). Prothrombin time and activated partial thromboplastin time were excluded because 
the number of abnormal results was too small. 
PFA, platelet function analyzer; COL/EPI, collagen/epinephrine; COL/ADP, collagen/adenosine diphosphate; NSAID, nonste-
roidal anti-inflammatory drug.
aDawn, 0:00–6:00; Morning, 6:00–12:00; Afternoon, 12:00–18:00; Night, 18:00–24:00.
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history, and physical examination should be performed. 
PFA-100 was first introduced in 1995 as a screening test 
for the diagnosis of vWD and platelet disorders [19]. 
In addition, the use of PFA-100 instead of BT to assess 
platelet function has also raised expectations for the role 
of PFA-100 as a preoperative screening test for primary 

hemostatic disorders. Koscielny et al. [13] reported in a 
large cohort study with preoperative questionnaire that 
the vast majority of patients with impaired hemostasis 
could be identified by PFA-100. The sensitivity of the 
PFA-100 COL/EPI CT was the highest (90.8%) in com-
parison with the other screening tests (BT, aPTT, PT, 

Table 5. Postoperative bleeding outcomes according to PFA test results

Characteristic
PFA closure time (COL/EPI)

p value
Normal Prolongation

Intra-operation

Blood loss ≥ 300 mL 72 (14.3) 40 (20.1) 0.058

Volume of bleeding 600 (50–5,000) 500 (120–6,500) 0.569

RBC transfusion 76 (15.1) 40 (20.1) 0.106

Within 72 hours after surgery

Postoperative Hb reduction ≥ 30 g/L 112 (22.2) 51 (25.6) 0.335

Postoperative RBC transfusion 118 (23.4) 63 (31.7) 0.024

Hospitalization days 11 (1–125) 11 (1–159) 0.693

Values are presented as number (%) or median (range).
PFA, platelet function analyzer; COL/EPI, collagen/epinephrine; RBC, red blood cell; Hb, hemoglobin.

Table 6. Results of logistic regression analysis for intra-operation bleeding loss

Factor
Univariate analysis Multivariate analysis

p value HR (95% CI) p value

Sex 0.780

Age < 0.001 1.02 (1.01–1.03) 0.002

Severity of surgery < 0.001 3.56 (2.04–6.22) < 0.001

BMI 0.236

Use of anticoagulant < 0.001

Use of NSAID 0.126

Hemoglobin < 0.001

WBC count 0.483

PLT 0.064

PT 0.076

aPTT < 0.001 2.81 (1.31–6.01) 0.008

Albumin < 0.001 4.29 (2.49–7.40) < 0.001

Bilirubin 0.376

Creatinine 0.107

COL/EPI 0.059 1.55 (0.97–2.47) 0.068

COL/ADP 0.996

HR, hazard ratio; CI, confidence interval; BMI, body mass index; NSAID, nonsteroidal anti-inflammatory drug; WBC, white 
blood cell; PLT, platelet; PT, prothrombin time; aPTT, activated partial thromboplastin time; COL/EPI, collagen/epinephrine; 
COL/ADP, collagen/adenosine diphosphate.        
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       vWF:Ag). Fattorutto et al. [14] observed a weak correlation 
between preoperative COL/EPI CT and second-hour 
mediastinal blood loss in 70 patients with cardio-pul-
monary bypass (r = 0.34, p = 0.01). However, Lasne et al. 
[15] and Cammerer et al. [16] reported no correlation 
between calculated blood loss and either preoperative 
or postoperative PFA-100 values. The worldwide prev-
alence of vWD is estimated to be 1%, but in Korea, the 
number of patients registered in the Korean Hemophil-
ia Foundation by 2017 is only 130, which is much lower 
than prevalence of this disease in other countries. In 
case of platelet disorders, such as Bernard-Soulier syn-
drome and Glanzmann thrombasthenia, the prevalence 
is difficult to estimate, and only a few cases have been 
reported. Therefore, it is even more controversial to use 
PFA-100/200 as a preoperative screening tool for all un-
selected surgical patients to identify platelet disorders 
in Korea, where the prevalence of platelet disease is very 
low. This is consistent with the results of studies report-
ed in Korea that preoperative PFA-100 screening test is 
less relevant to actual bleeding outcomes [20-22]. How-
ever, these studies had limitations to evaluate the role 
of PFA as a preoperative screening tool in unselected 
patients because the number of included patients was 
small and only specific operations were included.

The advantage of our study was that we included a 
relatively large number of patients and analyzed vari-
ous types of surgery performed during the study peri-
od. Different surgeries may act as confounding factors 
for the amount of bleeding. However, the effect of va-
riety of surgeries on the amount of blood loss was very 
small, because the proportion of patients according to 
the category of surgeries was not different between the 
two groups even though the category of operation was 
separately assessed. Another advantage of the present 
study is that various factors were identified to accurately 
assess perioperative bleeding. Because of the limitations 
of retrospective studies, it is difficult to accurately assess 
the amount of intraoperative bleeding and the amount 
of delayed blood loss after surgery. We reviewed both 
the intraoperative anesthesia notes recorded by the an-
esthesiologist and operation notes written by the sur-
geon, because surgeons tend to record less blood loss. 
In addition, the amount of blood transfusion during 
operation, the amount of transfusion within 72 hours 
after surgery, and the amount of Hb decrease within 

72 hours after surgery were compared. In our study, 
PFA-200 prolongation was associated with the rate of 
intraoperative bleeding and RBC transfusion within 72 
hours postoperatively. Although multivariate logistic 
analysis showed borderline significance, prolonged CT 
as revealed by COL/EPI was also associated with intra-
operative blood loss (HR, 1.55; 95% CI, 0.97 to 2.47; p = 
0.068). In addition, these results were more prominent 
in the subgroup analysis of patients without medication 
history in whom the bias related to antiplatelet drugs 
and NSAID use was excluded (HR, 1.16; 95% CI, 2.62 to 
5.93; p = 0.021). These results suggest that preoperative 
PFA abnormality may increase the risk of perioperative 
bleeding regardless of the use of antiplatelet agents or 
NSAID. Therefore, in patients with these abnormalities, 
accurate history and physical examination and labora-
tory test findings should be checked to exclude primary 
hemostatic disorders. 

It is widely known that the use of aspirin and NSAID 
can affect the results of PFA-100. In addition, it has 
been reported that the blood group, hematocrit, platelet 
count, and time of blood collection can affect the results 
of PFA-100 [8,23-25]. In our study, the use of aspirin and 
NSAID only affected the results of COL/EPI and did not 
affect the results of COL/ADP. Low Hb and hematocrit 
levels also affected the results of both COL/EPI and 
COL/ADP tests, which is consistent with the results of 
previous studies. Platelets count only affected the result 
of COL/ADP, which is difficult to interpret precisely be-
cause the number of patients with low platelet counts 
included in our study was too small. In particular, since 
our study was performed on patients who underwent 
surgery, most patients had platelets counts > 100 × 109/L 
and very few patients had platelet counts < 100 × 109/L. 
It has been reported that time of blood collection also 
affects the results of PFA-100 [17,24]. In accordance with 
the results of previous results, our study showed that the 
fast CT of COL/EPI occurred in the morning and the CT 
results became prolonged during the day. The results of 
COL/ADP showed a similar tendency, but without sta-
tistical significance, which is thought to be because of 
a diurnal variation in platelet function, which is more 
dependent on epinephrine than on ADP [26]. In addi-
tion, the increased platelet aggregation is estimated to 
be because of the higher in vivo epinephrine level in the 
morning, which induces platelet activation [27]. It was 
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       reported that the CT of PFA-100 was prolonged in the 
blood group O compared to other blood groups. Our 
study also showed that the PFA-200 results of group O 
were the most prolonged, but the statistical significance 
was not confirmed. Previous studies have shown that 
CT of PFA-100 is prolonged in the order of group AB, 
group B, group A, and group O, and our results are also 
exactly the same [25,28,29]. However, the association be-
tween blood group and PFA results did not have statis-
tical significance, as the difference between the results 
of group A and group O was small. The prolongation of 
PFA in blood group O can be explained by the fact that 
the CT of PFA-100/200 is influenced by the plasma level 
of vWF and the vWF concentration, which is lower in 
blood group O.

In conclusion, preoperative PFA-200 test may be help-
ful in predicting the risk of bleeding in patients with 
surgery. However, the results of PFA-200 is influenced 
by various factors, such as use of aspirin and NSAID, 
blood group, hematocrit, and time of blood collection, 
the results of PFA-100/200 should be carefully inter-
preted after precluding the effects of these confounding 
factors.
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