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A study on the mechanism of enhanced diuresis
following direct hemoperfusion with polymyxin B-immobilized fiber

Hiroyuki TERAWAKI*!, Kenji KASAI, Hideyuki KOBAY ASHI, Keita HIRANO, Akihiko HAMAGUCHI,
Yoichi KASE*?, Tohru HORIGUCHI, Keitaro YOKOYAMA*3 Hiroyasu YAMAMOTO,
Masaaki NAKAYAMA, Yoshindo KAWAGUCHI, and Tatsuo HOSOY A

*1 Department of Nephrology, ** Department of Anesthesiology, Fuji City General Hospital, Shizuoka,
*3 Department of Internal Medicine II, Tokyo Jikei University, Tokyo, Japan

In the present study, we applied direct hemoperfusion with polymyxin B-immobilized fiber (PMX-
DHP) to patients who developed endotoxin shock after laparotomy, and examined the influence of PMX-
DHP on the kidney function.

Seven patients were enrolled in this study, whose conditions were matched to the following criteria :
1) endotoxin shock was highly suspected, 2) blood pressure became stable before PMX-DHP was indicat-
ed, 3)renal function(demonstrated with creatinine clearance (CCr) and fractional excretion of sodium
(FENa))was proven before the surgery. All patients underwent emergency surgery in Fuji City General
Hospital because of perforative peritonitis. A 2-hour session of PMX-DHP was performed on the day of
the laparotomy and the second 2-hour treatment was performed the following day. Urine was collected at
2 hours before starting PMX, during the treatment, and 2 hours after PMX-DHP, and urine volume (U-
Vol), sodium and creatinine levels of urine were monitored. Sodium and creatinine levels in the serum
were measured at the start and end of the PMX-DHP session. Average atrial natriuretic polypeptide
(ANP) was obtained using a total of 8 samples from the 14 treatment sessions. Parameters of
hemodynamics such as pulmonary capillary wedge pressure (PCWP) were monitored at the start and end
of PMX-DHP session.

Urine volume increased significantly during and after PMX-DHP. The change in urine volume
correlated significantly with the change in CCr during PMX-DHP, and with the change in FENa after
PMX-DHP. The change in FENa was significantly correlated with the changes in hemodynamic factors
such as PCWP and with the change in serum ANP, but no significant correlation was observed between
the change of CCr and the other parameters.

In conclusion, the early increase in urine volume with PMX-DHP treatment might be attributable to
the increase in glomerular filtration independently of systemic hemodynamic factors.

Jpn J Nephrol 2000 ; 42 : 359-364.
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B LI REEE I TR R R — v a v o
K22, 20k, RABEMEMZHTL 7 7ERZHR
LU (VERNZ D & PMX #EE:2 FEHETT, #5E1T % 14
B, BrE4L, LH3IH T FEfIE 4~ (CFH 64
) Thoteo FAMERAOERBERIZ, 48 09KGH
HhE, 1 #87 u—iE, | &0 REST S, 1 420
BEGIHZE T H o Tz AT D HIYIZ PMX-DHP 2312
L2 2B T 5 2 L Th B0, SREEFNIMTE M
FERZE L, > PMX-DHP [ifTRiO A2 v 7 F =
e 2 )T T Y AHMES 10 ml PLEOFEFNCEE L7z,
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Table 1. The changes in measured parameters
before during p-value after p-value
U-Vol(m//2 hrs) 256.2+149.9 300.5+164.9 (0.033*) 354.9%+199.0 (0.0033%)

FENa (%) 2.245+2.483 3.594+3.821 (0.0035*) 4.667+5.238 (0.0063*)
CCr(m!/min) 49.6%23.5 52.4+28.7 (0.33) 50.4+27.6  (0.64)
MAP (mmHg) 88.6x17.4 103.4%£22.6  (0.0070%)
PCWP (mmHg) 8.86*t2.96 12.79+5.78  (0.0097*)
SVR(dyne * s * cm;) |,074x=541 |,269x663 (0.013%)
CO(//min) 7.46%+3.52 6.80%+2.49 (0.18)
ANP (pg/m/) 49.9%19.0 77.1£29.3 (0.012%)

* statistically significant

U-Vol and FENa increased significantly during and after the treatment.

CCr showed no significant change.

MAP, PCWP, SVR and ANP increased significantly after PMX treatment, while CO did not change

significantly before and after the treatment.

& R I

1. FAEENEIL

U-Vol |¥, PMX-DHP #ifT#i 256.24+149.9 ml, Fif7rh
300.5+164.9 m/, fEfT# 354.94+199.0 m/ T, MifTHI
L CThifTH 6 & VHifT# CTHEICEE TH 5 7z, FENa X
PMX-DHP jfi 1T Ffj 2.245+2.488 %, ffi 4T #1 3.359+3.821
%, HifT#s 4.667+5.238 %, U-Vol EIEEMITHIICEEL T
BITH B L VTR TERECGEMETHo7, CCrik
PMX-DHP Ji {7 B 49.64+23.5 m//min, Ji{7 i 52.44+28.7
m//min, JE17% 50.4+27.6 m//min ‘T, HITHE{WC L T
HEATHE L TR CRE L 2 2 A ER LS, BET
7o o7z (Table 1 _FEY)

MATEHEE D /¥ T X —% —Tlk, MAP, PCWP & Xk O}
SVR | PMX-DHP & T % H & 1Z b A L 72 53, CO
PMX-DHP JitifT it CHE & ZE %R S %2 > 7z (Table
1 Hf BY), ANP |Z PMX-DHP ffi T #ff 49.9+19.0 pg/m/,
MifT 4 77.129.3 pg/m/ T, PMX-DHP JfifT A & 12 &
H 17 (Table 1 TEY),

2. Z{LERNOIEEIRIR (EEIFHHT)

BHEMEIZDOWT, ZEEMOMBEIDOH LI OV TRET
L 7z, U-Vol, FENa, CCriZ 2\ T %, PMX-DHP Ji
17 & fEfTR D #= % AU-Vol 1, AFENal, ACCrl &,
% 72 PMX-DHP i 17 #& & Jiti 17 51 O # % AU-Vol 2,
AFENa2, ACCr2 &, Z 0L ZF LR L 7z, MAP,
PCWP, CO, SVR, ANP iz D Tl%, PMX-DHP /{7
% L MEAT BT O 3= % AMAP, APCWP, ACO, ASVR,
AANP &, ZhZhFRLTz,

AU-Vol | & &ZHIEHEZALE & O TOMHEBIMRES T,

Table 2. The correlation between AU-Vol 1 or AU-vol
2 and the other changes

AU-Vol | AU-Vol 2

r p-value r p-value
ACCrl 0.606 0.026* 0.365 0.25
ACCr 2 0.012 0.97 0.387 0.22
AFENa | 0.278 0.37 0.600 0.038*
AFENa 2 —0.240 0.44 0.535 0.073
AMAP 0.355 0.24 0.186 0.57
APCWP 0.155 0.62 0.561 0.057
ASVR 0.301 0.32 —0.087 0.79
ACO —0.258 0.43 —0.063 0.85
AANP 0.266 0.54 0.111 0.80

For U-Vol, FENa and CCr, changes in the measured levels before
and during the treatment were expressed as AU-Vol |, FENa I,
ACCr | ; and those before and after the treatment were, AU-
Vol 2, AFENa 2 and ACCr 2.

For MAP, PCWP, CO, SVR and ANP, changes in the levels before
and after the treatment were expressed as AMAP, APCWP, ACO,
ASVR, and AANP.

Significant correlation was observed between AU-Vol | and A
CCr | ; and AU-Vol 2 and AFENa I.

Not significant correlation was observed between AU-Vol 2 and
APCWP ; and AU-Vol 2 and AFENa 2.

ACCr | £ DRIICER 7, o5\ HES (FEBE R % 0.606,
p=0.026) 23 & 7z (Table 2, Fig.)). AU-Vol2 & %
HEZALE &£ OFTOMBIMRES Tk, AFENal & Offi

Bz, »oiE B (FHBAfR %2 0.600, p=0.038) 2358 &
5 Niz. %72 AU-Vol2 &, APCWP (£ BH 1% % 0.561,
p=0.057) B X OF AFENa 2 (f§ B 1% #7 0.535, p=0.073) &
DOIEIT, AETIEZE WS OO HIRITK & 2 HEREE S
L7z (Table 2).
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Fig. The relationship between ACCr 1 and
AU-Vol 1

AU-Vol | : change in urinary volume before and

during PMX-DHP session

ACCr | : change in creatinine clearance before

and during PMX-DHP session

Table 3. The correlation between ACCrl or ACCr2 and
the other changes except U-Vol

ACCr | ACCr 2

r p-value r p-value
ACCr 2 —0.099 0.77
AFENa | —0.193 0.54 0.041 0.90
AFENa 2 —0.240 0.44 —0.258 0.43
AMAP 0.354 0.24 —0.091 0.78
APCWP —0.150 0.63 0.377 0.23
ASVR 0.031 0.92 —0.268 0.41
ACO 0.208 0.5l —0.493 0.11
AANP —0.084 0.85 —0.433 0.30

For FENa and CCr, changes in the measured levels before and
during the treatment were expressed as AFENa |, ACCr | ; and
those before and after the treatment were, AFENa 2 and ACCr 2.
For MAP, PCWP, CO, SVR and ANP, changes in the levels before
and after the treatment were expressed as AMAP, APCWP, ACO,
ASVR, and AANP.

No significant correlation was observed between ACCrl or A
CCr 2 and the other parameters, i. e., AMAP, APCWP, ACO, A
SVR, and AANP.

Table 4. The correlation between AFENal or AFENa 2
and the other changes except U-Vol and CCr Table 5. The correlation between the other measured
AFENal AFENa 2 changes

r p-value r p-value APCWP ASVR ACO AANP

AMAP 0.606 0.020* 0.563 0.035* AMAP 0.682 0.621 0.169 0.401
APCWP 0.762 0.0009* 0.641 0.012* (0.0057*) (0.016%) (0.57) (0.34)
ASVR 0.419 0.1384 0.407 0.79 APCWP 0.549 —0.279 0.208
ACO —0.059 0.84 0.090 0.77 (0.041%) (0.34) (0.64)
AANP 0.286 0.5l 0.777 0.020* ASVR —0.287 0.681
*statiscally significant (0.33) (0.063)
For FENa, changes in the measured levels before and during the ACO _(0'33;1

0.44

treatment were expressed as AFENa | ; and those before and
after the treatment were AFENa 2.

For MAP, PCWP, CO, SVR and ANP, changes in the levels before
and after the treatment were expressed as AMAP, APCWP, ACO,
ASVR, and AANP.

Significant correlation was observed between AFENal and
APCWP ; AFENa | and AMAP ; AFENa 2 and AANP ; AFENa 2
and APCWP ; and AFENa 2 and AMAP.

ACCr 1 8 XN ACCr2 &, U-Vol LISt &l E 21k
#HEDOMTOMBEME TIX, FRECHET 2HBEED S
N7z -7z (Table 3),

AFENa I & U-Vol, CCr UADEHEMEEE & DM
TOMBEBE TIE, APCWP (FHE{%% 0.762, p=0.0009)
B L U AMAP (FHE#E %1 0.606, p=0.020) & ORIICHE
FIRADSE D 7z, AFENa2 &, U-Vol DI4b o &l &l
ZA ki & O OMBEMRETTIX, AANP (FHEIfR%L 0.777,
p=0.020), APCWP (#f B 1% $ 0.641, p=0.012)% L '

correlation coefficient (probability value)

*statistically significant

For MAP, PCWP, CO, SVR and ANP, changes in the levels before
and after the treatment were expressed as AMAP, APCWP, ACO,
ASVR, and AANP.

Significant correlation was observed between AMAP, APCWP and
ASVR

AMAP (FHE{% %2 0.563, p=0.035) & ORIc B E % HEH
A iz (Table 4). % Oho & HIE 8 O MHBIRE T
I3 (Table 5), AMAP, APCWP # X t* ASVR o 3 & [
T, ZNENEREZHEBEBEFRIRD s i,

3. RENZE(LE L EMFHHT (Table 6)

HIZ$: AU-Vol 1 8 X WM AU-Vol 2 & L7z, F0ffh
DOHIEEZAC R % SHAZ L Lehs, HERMTORRESB
X UEIEEOEFH D, S, AFENal, AFENa2, AMAP,
APCWP, ASVR B J ' AANP 3 # 2 IR DO L
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Table 6. The results of the multiple regression analysis
Y X | X2 X3 Y=a+b |l +XI+b2+-X2+b3+X3 r-square p-value
bl b2 b3 a
AU-Vol | ACCr | AFENa | ACO  4.278%1.081 21.95%10.11 —20.02£9.45 —1.44+23.15 0.686 0.012
(0.770, (0.413, (—0.405, (—1.437,
p=0.0033) p=0.058) p=0.063) p=0.95)
AU-Vol 2 ACCr2 AFENa 2 ACO 2.209+0.887 17.37x5.84 9.09%12.69 69.33%£25.89 0.606 0.049
(0.653, (0.683, (0.183, (69.33,
p=0.037) p=0.018) p=0.49) p=0.028)

For U-Vol, FENa, CCr and CO, changes in the measured levels before and during the treatment were expressed as AU-Vol |, AFENa I,
ACCr | ; and those before and after the treatment were, AU-Vol 2, AFENa 2, ACCr 2, and ACO.

In the analysis using AU-Vol | as the objective variable, the regression formula using ACCr |, ACO, and AFENa | as the explanatory
variables resulted in the highest level of determination coefficient of multiple regression(r 2=0.686) and a significant difference (p=

0.012). Therefore, this combination was evaluated as valid.

Among the 3 explanatory variables, ACCr| was evaluated as the most important because its standard regression coefficient was the
highest(r=0.770) and its level of significance was the lowest(p=0.0033).

In the multiple regression analysis using AU-Vol 2 as the objective variable, the regression formula using ACCr 2, ACO, and AFENa 2
as the explanatory variables resulted in the highest level of determination coefficient of multiple regression(r 2=0.606) and a significant
difference (p=0.049) .Therefore, this combination was evaluated as valid. Among the explanatory variables, AFENa 2 was evaluated to
be the most important because its standard regression coefficient was the highest(r=0.683) and the level of significant difference was
the lowest(p=0.018) ; while ACCr2 was also thought to be an important explanatory factor because r=0.653 and p=0.037.

IEZENw, FRANCEIASDS 5 TTHEEOA RN
2 B TRET 2175 72,

AU-Vol | 2 HIZE$ & L 7z EER 49547 Tk, ACCr
I, AFENal, ACO @ 3XH Z#HZH L L 7 E[[)5E
WKBWT, HF5F0652 LEEOMIEFOSN, BEED
00189 L EETH-7:7:8, ZORPEHROHAEDLEIX
FUbDEFLON, £, ALK O LTI
ACCr | OEREEMER2 0790 L BEETH Y, fGEEY
0.0044 L AR TH 2728, ACCr 1 23 b HE R IHHLK
ThdEEZONI,

AU-Vol 2 2 HZH & U /- E[EJF 57 Tk ACCr 2,
AFENa2, ACO @ 3IHHZFHAR L L BRI E
W, 5 0.606 LixmOENE SN, GHREYD 0.0488
LERTHo D, ZOBHEROHAGDEIEZYE R
borFEzZ onlz, ¥7HALED %> TlX, AFENa2
DOIFHERF{RES 0.683 LiRFHTH D, fERFK S 0.0178 &
WIETH B0, AFENa2 3 b HE L FHPEH TH 5
L#EZ oNlz, Lo L ACCr2 OEHE MR 4% %13 0.653,
fEf=R12 0.0374 TH Y, ACCr2 b % - EE L BALHT
borEZONI,

x = |

PMX-DHP JifTls D PRESENNZ, BHFES 2 "R %

FHELKEO—DTH 5%, ZOREHIMIAUR, 251
RIMATHREOHELZ KL TWa 2 LB THEENS, Ly
L PMX-DHP % EBRIZHTL TH % &, MR CME% -
AEETHHRERBON oI b b 5T, PMX-
DHP Jtif 78472 72 5 W HIIR D5 & M 2 FEFIR0, IO F5&F-
DRSO BN B HNCIREDIEINT 2R 7% EVREER S, IR
BOHERNT L LTI aITERUSORT b5 L
TWBHREESFE Z 5 b,

SE OB R, 513, MAP, PCWP, SVR & W57
MATENER T2 FENa O, T%bb, - MY 7 AF]
PREMNLUTIREEIMCEAS L Tnws 2 ERRBEh, 20
ZEEHRTHINEREFZONS, LL, SEOD
METSER CEHIARE LI TOFHETH 2 LHZ 5h b,

1) PMX-DHP Hi#£ CHREREH Z R & %ol CCr
ZALED, REZEEAREC, »OMIHEL Twis,

2) RR&EZALE L CCr b & OMBIE, MATEHREEE
HF o REZL L HEMBE %R & %2 9> 72 PMX-DHP Ji
17, Thbb, WEOFHARE X VZD shlz,

3) EEURSH» S, CCrE LRI FHERS TIIRA
D, EIRBIABRETLE R, REZ(LEORERTFTH
32 ENRBE NI,

CCr X FENa L 8270, MATEIREFERT & 2 A & HHE
EROTHE S, MITEREDOHE CCr 2HNs ¥z &
FF 212 v, Bock 51, TV N b F ¥ iF—fROKM
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v NHABAZ 35 s T cannabinoid 524K D mRNA 2360 L
T3 ZERH|AEL THE DY, cannabinoid 13 B O /NG
B L TR o208 RIFT DL EbD, R
WCBWT CCr BWE LIEFNIC OV TIE, =¥ F My
> % %\ i cannabinoid DFREIIC LD, BRATICE T 5
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TeRTREMEFE 2 S,

FROFHEEE, BEEEHSI PN MFyryav o
BRICBWT, KERMEERICNZ T PMX #EikE 175
CEDOBERMEEXRT 5, kbbb, PMX-DHP I3%Ek
PRI 2 AP0 Ic s S 8, BEEFOER L, BIER
#, SSICRIE PRUEICHS T2 2 epiffans»
5ThH%, Bone 51F, T F bF v U HEHHEES) O#RE
DEMFREREI TRV 22b 5T, TN
IR EHEL T0DEY, £/, FEMES IEEELICX S
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BlicBWT, HERER VI — ik 6 R LARR I JEfT U 72 i
BICiE & NLARTIC AT L 7 ERIC L U TR P B '
FLIERRELTWDEY, Zhs Dk, PMX-DHP
BT ORRMEZEMNT 2 L5 cBbns,

AMEC B 1F 5 PMX-DHP {7 H D CCr &1L &
JREZALZROBIRIE, EOEE LIEOYIR 2R>—RXAT
PITE 2 2 eavRa Ntz (Fig)ds, ZoRICBT 285
(#7350 m//2 hr) IZPREBEANCBI S % CCr UA DR F DH
55EHEHEZ25E08TE%, $74bb, PMX-DHP fiifT
o D PREIENNHS 50 ml /2 hre LT H 2 EFNE, BREFTO
MATENRESEE LM S M- FREE BV e F 2 S b,

X T, BMEIZ B W T, PMX-DHP [EfT4# IMiE ANP
BREER EA%Z5RL, »DFENa FRICHEG L &
WRBE NI, =2 R MF Y2 in vivo TANP DI
RELZ PAIE2 ZLHEINTEDY, KRS TH
PMX-DHP fEfT B @ MiiE ANP SEEE X IEH L D SE T
bol- DA, PMX-DHP fif74 ANP 28 & 512 F5H. L
TeDRFWEERTH D, £z, ANP OZ{bEIZ PCWP
EECMTEREHERTF EARESHEE2RL BT, =¥
FhF¥ e ANP OBRIZOWTIE, B 3HRETSnE
EEZ Nz,
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