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A3F 2 #

1 AA g A+ T4 25 2 HAF A3

& 6579 Aol A PFA-100°] A &= Ao ofxvdl BE&at& A9 5180
BEAS Ayt due Hit 5267 £ 198440103, S FArF 229 (43.1%)
olil oJz7F 29 (56.9%)°1Utt. 7|EH &S o] 199 (37.3%), 1Lt 351
(68.6%)°l 11, PFA-CEPI7} &7Hdl 3x}+= 159 (29.4%), PFA-CADP7} <71# 3
= 189 (35.3%)el vk w2 A B 17] 117 (21.5%), 271 39 (5.8%), 3
71 109 (19.6%), 471 794 (13.7%), 57| 207 (39.2%) ©o]At} (Table 1). A =x}<]
AAA 3= PFA-CEPI 150.76 + 60.51 sec, PFA-CADP 121.92 £ 5581 sec ©| 1,
PT, aPTT, 4%, g9 311 <z VI IX, vWF, fibrinogena A4 WS ek
Wl @4 g EutEase AAEY B2 A3E BoH (Table 2).

Table 1. Epidemiologic data of total patients

Variable Subjects (N=51)
Age (year) 52.67 + 19.84
Sex (male) 22 (43.1%)
Diabetes mellitus 19 (37.3%)
Hypertension 35 (68.6%)
Advanced CKD (< GFR-MDRD 60 ml/min) 37 (72.5%)
High PFA-CEPI (85-165 sec) 15 (29.4%)
High PFA-CADP (71-118 sec) 18 (35.3%)

Abbreviations: CKD, chronic kidney disease; PFA-CEPI, Platelet function analyzer—collagen/epinephrine;
PFA-CADP, Platelet function analyzer—collagen/ADP



Table 2. PFA-100 closing time and laboratory data of total patients.

Variable Subjects  (N=51)
PFA-CEPI (sec) 150.76 =+ 60.51
PFA-CADP (sec) 121.92 =+ 55.81
PT (sec) 10.78 £+ 1.06
PT-INR 0.97 =+ 0.09
aPTT (sec) 29.90 = 4.14
Hemoglobin  (g/dL) 11.22 + 2.17
Hematocrit (%) 33.32 + 6.29
Platelet (E9/L) 27190 = 9641
24hr urine protein (mg) 3,5656.73 £ 4,658.51
BUN (mg/dL) 34.03 = 22.88
Creatinine (mg/dL) 3.47 + 5.15
GFR-MDRD  (mL/min) 46.89 =+ 45.31
CRP (mg/dL) 1.54 =+ 2.47
Fibrinogen (mg/dL) 482.65 + 123.74
Factor VI (60-140) (%) 108.02 =+ 33.21
Factor IX (60-140) (%) 100.02 =+ 22.64

*meantSD. Abbreviations: PFA-CEPI, Platelet function analyzer—collagen/epinephrine; PFA-CADP,
Platelet function analyzer—collagen/ADP; PT, Prothrombin time; INR, Internatinal Normalized Ratio;
aPTT, Activated partial thromboplastin time; BUN, Blood urea nitrogen; GFR, Glomerular filtration rate;
MDRD, Modification of Diet in Renal Disease



2. PFA-CEPI 27129 AR 779 4 2 AAZH

PFA-CEPI A7%toll wlste] F7bars ™, ¥, 71488 Aoje fldlen, &
a1zt tol& Holx oy Ay F (p=0.00D) DM

(p=0.020)2 o @2 FAE HIT} (Table 3).
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3. PFA-CADP 2727 B422e 54 2 A ds vz
PFA-CADP 4ol wste] S717e @3, 44, 71428 Fol gglon, 3
A2, Wel g e Aold Mold Rgort AW F (p=0030)st @

(p=0.006) © e F25 Kt (Table 4).
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4. Overt CKDT % early CKD #3t2] &3 2 AALZ I vz

Early CKD ol #®]3}e] Overt CKD & “d#o] Wi (p=0.002), 7| A A& F
D aEete] WEZE =4 (p=0.000, p=0.000). EI A= Wk (p=0.000), A
S Q1A Z fibrinogen, Factor VIII®] F71E R AY (p=0.015, p=0.005). 4%, o
Wi g 2pol & Hol# Skttt (Table b).



Table 3. The comparison of characteristics

between normal and high PFA-CEPI group.

and laboratory data

Variable Normal PFA-CEPI High PFA-CEPI D
(N=36) (N=15) value
Age (year) 50.14 £ 20.59 58.73 =+ 17.03 NS
Sex (male) 14 (38.8%) 8 (53.3%) NS
Diabetes mellitus 14 (38.8%) 5 (33.3%) NS
Hypertension 22 (61.1%) 13 (86.6%) NS
PFA-CEPI (sec) 119.91 £ 27.65 224.80 £ 53.37 0.000
PFA-CADP (sec) 96.44 £ 21.76 183.06 =+ 65.33 0.000
PT (sec) 10.92 £ 1.03 1044 =+ 1.07 NS
PT-INR 0.98 = 0.09 0.94 =+ 0.09 NS
aPTT (sec) 29.55 == 3.87 30.73 £ 4.77 NS
Hemoglobin  (g/dL) 11.54 £ 2.34 10.44 £ 1.51 NS
Hematocrit (%) 34.16 * 6.85 31.30 + 4.19 NS
Platelet (E9/L) 299.25 £ 80.32 206.26 £ 102.63 0.001
24hr urine protein (mg) 4,103.68 =+ 5.066.44 1,505.66 £ 1,508.91 0.020
BUN (mg/dL) 36.27 £ 24.24 28.65b =+ 18.87 NS
Creatinine  (mg/dL) 3.27 £ 3.17 3.97 + 3.14 NS
GFR-MDRD  (mL/min) 52.28 £ 46.35 33.98 £ 41.34 NS
CRP (mg/dL) 1.52 £ 2.51 1.60 =+ 2.45 NS
Fibrinogen (mg/dL) 468.62 == 130.72 530.00 £ 87.03 NS
Factor VIII (%) 112.37 =+ 31.11 94.42 + 38.92 NS
Factor IX (%) 102.07 £ 21.15 91.85 £+ 28.19 NS

*mean=SD. Abbreviations: PFA-CEPI,

Platelet function analyzer—collagen/epinephrine; PFA-CADP,

Platelet function analyzer—collagen/ADP; PT, Prothrombin time; INR, Internatinal Normalized Ratio;

aPTT, Activated partial thromboplastin time; BUN, Blood urea nitrogen; GFR, Glomerular filtration rate;
MDRD, Modification of Diet in Renal Disease; NS, non-significant.



Table 4. The comparison of characteristics

between normal and high PFA-CADP group.

and laboratory data

Variable Normal PFA-CADP High PFA-CADP P
(N=33) (N=18) value
Age (year) 49.58 £ 20.41 58.33 =+ 17.92 NS
Sex (male) 14 (38.8%) 8 (53.3%) NS
Diabetes mellitus 13 (39.3%) 6 (33.3%) NS
Hypertension 21 (63.6%) 14 (77.7%) NS
PFA-CEPI (sec) 121.42 £ 25.97 204.55 £ 69.04 0.000
PFA-CADP (sec) 91.51 =+ 15.35 177.66 =+ 60.29 0.000
PT (sec) 10.92 £ 1.03 1044 £ 1.07 NS
PT-INR 0.97 =+ 0.09 0.95 =+ 0.09 NS
aPTT (sec) 29.56 =+ 3.80 30.52 = 4.77 NS
Hemoglobin  (g/dL) 11.53 £ 2.30 10.65 + 1.85 NS
Hematocrit (%) 34.13 £ 6.78 31.84 + 5.11 NS
Platelet (E9/L) 292.84 =+ 84.70 233.50 £ 106.87 0.034
24hr urine protein (mg) 4,469.23 =+ 5,245.31 1,316.95 =+ 1,251.75 0.006
BUN  (mg/dL) 36.27 =+ 24.24 28.65 =+ 18.87 NS
Creatinine  (mg/dL) 3.61 + 3.50 3.23 + 244 NS
GFR-MDRD  (mL/min) 50.89 =+ 46.80 39.57 £ 42.75 NS
CRP (mg/dL) 1.23 + 1.56 226 =+ 3.81 NS
Fibrinogen (mg/dL) 468.62 £ 130.72 530.00 £ 87.03 NS
Factor VIII (%) 110.22 £ 31.88 103.66 £ 37.89 NS
Factor IX (%) 99.38 =+ 23.51 101.88 =+ 21.10 NS

*mean*SD. Abbreviations: PFA-CEPI,

Platelet function analyzer—collagen/epinephrine;

PFA-CADP,

Platelet function analyzer—collagen/ADP; PT, Prothrombin time; INR, Internatinal Normalized Ratio;

aPTT, Activated partial thromboplastin time; BUN, Blood urea nitrogen; GFR, Glomerular filtration rate;
MDRD, Modification of Diet in Renal Disease; NS, non-significant.



Table 5. The comparison of characteristics

between early and overt CKD group.

and laboratory data

Variable Early CKD Overt CKD P
(N=14) (N=37) value
Age (year) 38.86 = 2341 57.89 =+ 15.70 0.002
Sex (male) 8 (57.1%) 14 (37.8%) NS
Diabetes mellitus 0 (0%) 19 (51.3%) 0.000
Hypertension 3 (21.4%) 32 (86.4%) 0.000
PFA-CEPI (sec) 132.14 =+ 26.86 157.81 £ 68.12 NS
PFA-CADP (sec) 99.71 £+ 18.89 130.32 =+ 62.72 0.010
PT (sec) 10.65 £ 0.84 10.83 £ 1.13 NS
PT-INR 0.95 = 0.07 0.97 £ 0.09 NS
aPTT (sec) 30.77 =+ 4.48 29.57 = 4.03 NS
Hemoglobin  (g/dL) 13.68 £ 1.61 10.29 £ 1.54 0.000
Hematocrit (%) 39.89 + 5.59 30.84 + 4.53 0.000
Platelet (E9/L) 305.71 £ 63.03 259.10 £ 104.23 NS
24hr urine protein (mg) 3,475.96 £+ 5,218.70 3,589.63 =+ 4,517.12 NS
BUN (mg/dL) 15.12 £+ 5.37 41.18 = 2291 0.000
Creatinine (mg/dL) 0.78 £+ 0.15 449 £+ 3.14 0.000
GFR-MDRD  (mL/min) 113.10 £ 27.76 21.84 =+ 14.97 0.000
CRP (mg/dL) 0.35 = 0.42 201 £ 2.78 0.002
Fibrinogen (mg/dL) 417.69 £ 119.44 521.04 £ 111.72 0.015
Factor VIII (%) 90.71 = 33.13 122.82 =+ 26.12 0.005
Factor IX (%) 102.71 =+ 25.86 98.23 = 21.14 NS

xmean=SD. Abbreviations:

PFA-CEPI,

Platelet function analyzer—collagen/epinephrine;

PFA-CADP,

Platelet function analyzer—collagen/ADP; PT, Prothrombin time; INR, Internatinal Normalized Ratio;

aPTT, Activated partial thromboplastin time; BUN, Blood urea nitrogen; GFR, Glomerular filtration rate;
MDRD, Modification of Diet in Renal Disease; NS, non-significant.
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5. A17]F9 @& PFA-CEPI ¢ PFA-CADP #H A A7t vl

AR A7) %5H5E AN REA 271744 9] early CKD ol H]alo] v A1FA 37] o]

Aol overt CKD oA PFA-CEPIE= X}o]lE Holx ko1l PFA-CADP

(p=0.010)2] =2 Akl FAEA oJn] YA F7F kAT (Table 5, Figure 1).

A7) Wt 5712 o] PFA-100 closing timeS BlustaS o Hi#xE= 217]
7

5 Ao wet Ftete AES 1oy B4 9u= vt (Figure 2).
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Figure 1. PFA-100 closing times between early CKD and overt CKD. A.
PFA-CEPI, B. PFA-CADP (CKD, chronic kidney disease; PFA-CEP],
Platelet function analyzer-collagen / epinephrine; PFA-CADP, Platelet

function analyzer—collagen / ADP)
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Figure 2. PFA-100 closing times among CKD stages. A. PFA-CEPI, B.
PFA-CADP (CKD, chronic kidney disease; PFA-CEPI, Platelet function
analyzer-collagen / epinephrine; PFA-CADP, Platelet function
analyzer-collagen / ADP)
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SR AXSL AH, AL, DA, V5] ARBAE T ete] AW A
7150l HAaFTFE Zrtstg oy (p=0.018)
fibrinogen, &4 IXi= A8 Aol & molA ettt (Figure 3). vWFO] %14}

Fel A= o] F s Bl e fldth

=

_13_



© °
A p=0.018
150 & @ R square=0.3
o
1257
)
< 100-]
>
s
k]
"
L 75
50
o
257
T T T T T
0 50 100 150 200
GFR-MDRD (mlimin)
150+ p=0.576
> = R square=0.009
o
o
125+ o & o
- SH S °
£ oo
= o
5" o, 0 © = =
2 o o 9 &
uc@ o & o
©
757
g o ° .
o
50 ©
T T T T T
0 50 100 150 200
GFR-MDRD (ml/imin)
700+ ° o
C o
= p=0.059
= R square=0.223
60 Sfo O o
o
3
S 500
£
c
@
-3
o
c
= 4007
8
2
300-|
o
200
T T

T T T
0 50 100 150 200
GFR-MDRD (mlimin)

Figure 3. Linear regression test between clotting factors and GFR-MDRD.
A. Factor VIII, B. Factor IX, C. Fibrinogen (GFR, Glomerular filtration rate;
MDRD, Modification of Diet in Renal Disease)
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7. PFA-CEPI #| 4 A 7te] 2L nxe A= Ay 37 24

PFA-CEPI #H A Aol A

A JhHAS A

’ A7l WA 9ge FAa]
dlate] Al A FAEA 4 PFA-CEPL #4 Azt dAa7t gpadss
(p=0018), B2 F2TF2(p-0041), W75l FETFE (p-0041) F7+5H

t} (Figure 4).

8. PFA-CADP #H A A 3te] 4 S vA= AA(EY A3 37 &4

PFA-CADP ¥4 Al7to] A= M4 Hhgdsy A

’ ’

~
olr
o
=)
rlr
of
otk
tlo
Lot
ro
ol
ol
)

skl Alast AP AEA A4 PFA-CADP ¥4 Alzbe dAart 24adss
(p=0.025), @257t FLTFZ (p=0016), A17]se] FAaTFF (p=0.038) 7133

t} (Figure 5).
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Figure 4. Linear regression test of factors affecting on PFA-CEPI closing
time. A. hemoglobin, B. platelet count, C. GFR-MDRD (PFA-CEPI, Platelet
function analyzer-collagen / epinephrine; GFR, Glomerular filtration rate;
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Figure 5. Linear regression test of factors affecting on PFA-CADP closing
time. A. hemoglobin, B. platelet count, C. GFR-MDRD (PFA-CADP, Platelet
function analyzer-collagen/ADP; GFR, Glomerular filtration rate; MDRD,

Modification of Diet in Renal Disease)
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9. PFA closing time o 9& & vX & AAEL U HF 37 4

—_

PFA closing time®l] &S ©
AFT-A o IhE 2
PFA-CEPI®} PFA-CADP
p=0.037)(Table 6-7).

g I

o =

Table 6. Multivariate regression test of factors affecting on

PFA-CEPI closing time

e

rr
o

o
>,
o
o
(in)
A=)

o
ol

Variables(PFA-CEPD B Standard | e | Exp® 95% Confidence Interval
error Lower limit Upper limit
Age 0.000 0.024 0.984 1.000 0.954 1.049
Hemoglobin -0.229 0.276 0.406 0.795 0.465 1.566
Platelet -1.015 0.005 0.005 0.985 0.975 0.996
GFR-MDRD 0.015 0.014 0.859 1.018 0.985 1.041
Diabetes mellitus -1.114 1.056 0.282 0.828 0.048 2.499
Hypertension 2.298 1.255 0.068 9.958 0.851 116.531

Table 7. Multivariate regression test of factors affecting on increasing

PFA-CADP closing time

Variables(PFA-CADP) B St::ria:d p value Exp(B) L:vsvfr ic:;f:dencgpl;lét;r;;:it
Age 0.011 0.019 0.582 1.011 0.975 1.049
Hemoglobin -0.195 0.256 0.418 0.824 0.519 1.509
Platelet -0.008 0.004 0.037 0.992 0.985 1.000
GFR-MDRD 0.008 0.012 0.502 1.008 0.985 1.051
Diabetes mellitus -0.990 0.854 0.248 0.571 0.070 1.979
Hypertension 0.947 0.912 0.299 0.571 0.451 15.418
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Abstract

Evaluation of Platelet Dysfunction Using PFA (Platelet function

analyzer)-100 in Patients of Chronic Kidney Disease

Young Sub, Kim
Dept. of Medicine
The Graduate School

Yonsei University

Patients with end-stage renal disease (ESRD) develop hemostatic disorders
mainly in the form of bleeding diatheses. The skin bleeding time (SBT) is the
best established predictor of bleeding in uremic patients but suffers from poor
reproducibility and accuracy. The Platelet Function Analyzer (PFA-100) is
increasingly being used in the workup of patients with a bleeding diathesis. A
profound knowledge of the possible diagnostic performance of this test is essential
in order to make sound clinical decisions based on its results. We investigated
that closure time of PFA-100 could have diagnostic value of bleeding diathesis in
CKD patients independent of renal function.

PFA-CEPI and PFA-CADP were performed in 51 patients excluding 14 patients
using aspirin. The age was average 52.67 = 19.84 years old, 22 male (43.1%), 19
diabetes (37.3%), and 35 hypertension (68.6%) in basal characteristics. The
increasing group of PFA-CEPI showed lower platelet count and lower proteinuria
compared to normal group (p=0.001, p=0.020, respectively). The increasing group of
PFA-CADP showed lower platelet count and lower proteinuria compared to normal
group (p=0.034, p=0.006, respectively). In linear regression test, the closure time of

PFA-CEPI and PFA-CADP showed negative correlation with hemoglobin (p=0.016,
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p=0.025), platelet count (p=0.041, p=0.016), GFR-MDRD (p=0.041, p=0.038). In
multivariate analysis of affecting factors (age, hemoglobin, platelet count,
GFR-MDRD, Diabetes, Hypertension) on PFA-100, only platelet count showed
statistical significance (p=0.005, p=0.037, respectively).

In conclusion, Platelet Function Analyzer-100 have a diagnostic value in CKD
patients independent of renal function, and the platelet count affects on the closure

time.
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