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Acute normovolemic hemodilution for a patient
with secondary polycythemia undergoing aortic
valve replacement due to severe aortic stenosis
- A case report -
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Background: A high hematocrit level in patients with erythrocytosis is linked with increased
blood viscosity and increased risk of thromboembolism. Therefore, it is necessary to ade-
quately lower the hematocrit level before performing a high-risk surgery.

Case: A 67-year-old male was scheduled for aortic valve replacement due to severe aortic
stenosis. The preoperative hematocrit level of this patient was very high due to secondary
polycythemia by hypoxia. We decided to perform acute normovolemic hemodilution after an-
esthetic induction to reduce the risk of thromboembolism in the patient. The patient was
Corresponding author discharged after a successful surgery and a post-operative period without any side effects.
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Conclusions: We estimate that patients with secondary polycythemia may benefit from
acute normovolemic hemodilution to reduce their hematocrit levels while undergoing cardi-
ac surgery using cardiopulmonary bypass. However, it is necessary to control the hematocrit
level, since a significant decrease can cause side effects.
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Table 1. Pre- and Postoperative Collected Blood Count Change

e A AW AR AAlE, 27HA =5, 24 AR
& Ak, AeF A 24 B0, AxSuy s €87
&% 43 m/s, B4 49 46 mmHg, s H3 0.7
cm’2 35 ey ot g2 A4S Hor ¥& Av 2
9 v AdAls, A a5 7157 hE SRS A9
5 #AF, Sk A 715N, S5 A7 Hed 1
o &S B, A B Al 17%90 e A
S k] Yol s 292 AL A= B4
o|lth. FF WA & 55 A=, vE3 Had ¢ H4
A FEd, &5 W AR S, HEUS A B,

WY dant A= A HAdTh AT S 99 A
S 9Jsto] Al3Yst janus kinase 2 JAK2) V617F ®lo] A3 &
g, 8% olgagzolodl HAF A3H= 20.4 TU/LIEE S
ARE T4 B AASHA] Zotdnt. ot AW 371 FollA
Alet T 7kA B4 A PaO, 65.4 mmHg, PCO, 50.3
mmHg, SpO, 93%=Z 7= 0](Table 2) == AT Hrf= g}
o] 717 Agho] 9Jgt AAAZTORE 1Tt oA HB+ TS
7Fs/g0] =rhal wetslal, SV slEa=Rlo] $xpe] g4
A0 AFEE S7HZE 7/l lrtal wasto] g5
I AR} AFe] & e AloA v & FA T @9 34
= A7 = skl

FeAoA 5§ AAE, WEk A4 23 BAGE Y,
A5 AU 53 5 Y, Ho|AHES X5 Ty 4bA
e SA5to] AR HHE AAST. SR Y
144/104 mmHg, A¥r 11038]/%, ALAESHE 90%E SH =
Qo v e 2% 2711 60 mg, olEF]HOIE 12 mg,
ZFEYS 100 mg, e 150 pg Fo] & 7138 W A& A
Yol vk FAE ol vohEH 5 mg, HWEFE 100 g, Hl
FEYUS 5 mge 571 T3t 5 e s 4
sto] W FF FAE F7HE sHRAL, 25T 7ol St HlE
W =3 Swan-Ganz catheter, Edward Lifescience, USA) ¥
FTAETS QER WA Ao HYstith & F FAY
W 715 2 AR T AEHE Brisk] fsl AR AR

Variable Preoperative value At end of surgery 10 days after surgery 30 days after surgery 60 days after surgery
Hemoglobin (g/dl) 18.5 89 9.7 10.5 11.0
Hematocrit (%) 573 25.9 29.7 33.1 35.5
Platelet (K/ul) 127 122 309 281 229
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Table 2. Intraoperative Time Course of ABGA and Hemodynamic Variables

Variable Preoperative_ value Afte_r anesthesia A_fter ANH Aﬁer CPBon Aftgr weaning  Atthe _end of surgery
(room air) (FiO, = 0.6) (FiO, = 0.6) (FiO, = 0.6) (FiO, = 1.0) (FiO, = 0.6)
ABGA
pH 7.39 743 751 748 147 7.38
Pa0, (mmHg) 65.4 162 286 382 463 267
PCO, (mmHg) 50.3 52 38 39 36 47
HCO; (mM/L) 30 34.5 30.3 29.2 29 29.9
HCT (%) 56 58 44 26 29 27
Sa0, (%) 93.0 99.0 100 100 100 100
Hemodynamics
HR (beats/min) 110 88 85 86 90
SBP (mmHg) 144 118 105 102 106
DBP (mmHg) 104 82 64 60 62
MAP (mmHg) 118 94 80 60 74 76
rS0, (%) 52/51 50/52 41/40 56/54

ABGA: artery blood gas analysis, FiO,: fraction of inspired oxygen, ANH: acute normovolemic hemodilution, CPB: cardiopulmonary bypass,
Pa0,: partial pressure of arterial oxygen, PCO,: partial pressures of CO,, HCT: hematocrit, Sa0,: arterial oxygen saturation, HR: heart rate,
SBP: systolic blood pressure, DBP: diastolic blood pressure, MAP: mean arterial pressure, rSO,: regional cerebral oxygen saturation.

Table 3. ROTEM® Data Change in Perioperative State

After acute normovolemic

Variable Reference value hemodilution After weaning At the end of surgery
EXTEM
CT (s) 38-79 82 101 70
CFT (s) 34-159 129 151 143
a(®) 63-83 65 61 62
A10 (mm) 43-65 46 41 45
A20 (mm) 50-71 53 49 52
MCF (mm) 50-72 53 52 55
FIBTEM
CT(s) 38-62 74 104 93
A10 (mm) 7-23 9 6 7
A20 (mm) 8-24 10 6 7
MCF (mm) 9-25 9 7 7

CT: clotting time, CFT: clot formation time, a: alpha angle, A10: amplitude 10 minutes after start of assay, A20: amplitude 20 minutes after

start of assay, MCF: maximum clot firmness.

£ AASHA

22 Ao A ATt WY FPA BA A
19.7 g/dl, JUIEIZE 58%2 SG= 0] T4 U %3]1
960 ml9] & &9 50 ml2] X & 200887 HoFHHA 6%
Slo|EZ Ao AEFA] 8H(HES, Volulyte®, Fresenius Kabi
Deutchland GmbH, Germany) 960 mlE FU35t4ct. 34
A YIS v & P2 118/82 mmHg, AHh
8838 &7, 3WE 7tA B4 AW slmZEH 15 g/dl, §
nfE 2 E 44%2 24 =9 tHTable 2). ROTEM® (rotational
thromboelastometry, pentapharm GmbH, Germany) A}
Z3} EXTEM, FIBTEM 2% HAF H9 W2 =A% QtK(Table
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A 10422 9%, 24 A7 102
utes after start of assay, A10)°] EXTEMOIA 41 mm,
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A 7138 Wi AASHILL o ' Lyt HAR AEstart. &
A= 58T 24 glo] & & 159 Aol E sttt 3HE 5

& AZ(amplitude 10 min-

& 20E7 A% Y AAF AT S| B Z 2], SutEIYE 5=
o} o} 71291 A} glo] ol HE T TS
2 TSI K (Table 1).

2%

AET F7Hsol7 AT X7 A ol e g F7lek=
ZA0R 2 AT 375 oA ABF TSR RS
2= itk 20179 AAE A7 World Health Organization)
At 7|20 2H Mg AP F7H2 T A4 2ol
WAsk= A0 gste] 4+ £7F F7koks AoE A WA
A} of 7ol A ZFzE B A 42271 16.5 g/dl, 16.0 g/dl o4
22 SUEIYE X7} JRe} ojRpoll A ZF2E 49%, 48% ©]
2 JP &Ho| Yot A ASAETE 25% ol F7EE
A5, 7 A 84004 dAT @A ST HE,
A, AFA BT FAlste] Al A& Ho|HA F7]7t
oo O34 s AT BEEE A4S Al B JAK2
V617F 32 JAK2 exon 12 WHol7} £Aah= - o4} 3714
F8 7|20 fFstAY, 82 7€ F A= 271t F 71 A
4} olste] @A o AR oo™ A& TSl H¢
= UTHEL oA AEF TS EF olgAREo|o”
712 AT Aol F7Ioh= A 0R T2 v HAS Ha4
TH B553, Ad A3EE, 59 522 Qg A1l A
Abagoll gk At AAA BAe] Aato] AL, EEA = THA
29, ARt T ollZ|ARzolofd EH] Fge] o7t A7t ol
AFo|og] Ao &2 QIgh F-9-of WAt gkAte] 49 FE
T HES YollA= 2584014 JAK2 exon 12 ®Ho] 5 &7}

I_]_'L_

10w o

A2 AP} Baslglot, BTt AE ARe o WA
AW E Aokl Ay Yk $42 v Fol 2714
7R 2R $X8 2ARAT P4 $HS fA50] 25 A
A 5 271490 K AW 29keHTable 1).

A4 AYT 37152 AL ET PSS s 9a A

F9 IS WA= Aol A= FEHo|t}. olF 54 At
&2 B9l SMEAYE A& 45% olstE fAIskaL[2], A
|5 oA Fofst, G0A o4 &2 59 A
U= AIAl= Sto| ESA| R ok} - *ﬂi%h_ﬁtﬂi B35y
Qte}. ShA|RE o] 3 AE T F7HSOIA w2 SMEEA R E £
o @A MHF LAY 9] A A ofl= ob4 %5% | St} Braek-
kan G162 SMFEAD E =X} AW FHFY] I AP = AL
olofl= vl BAZF ek LRSI, Ristic S71%E T A
At FROIA AEF SV HAAS S8 7P Fag
&g 29l 9 gty Bstit HAYE Nadeem S[8]<
olxbg AT Zrl=o] AL thE oz Hul HA MA=0] o3
= =o|A Y=tk HHESHI

e}

o8 %He*%l ojA AET IVl 7 *}d << Alstal 3l
o, Foolut oAz Rolod £H] T, oftEE 2H =0
E ROl QI3 Ffoles Arded A8 =Tl SAk=
Vo 18, T, AN S ka1 Qlo] 3 A= whry o]
AA=7F =3, 7Y wA HEEE 9l Qo] AHdes A8
Ao, FHA| mFol7|7H] 15U 407 Pt 69
|&°] 2 a319[10], & A7HA] AlZto] F-55130H. F 23]
7173 Pdg A7 = SRARE ©Abe] A9 HAA v
17%9] 5 Hsae 2502 Qlste] ezt 3431
ofohd = Slthal TESIRlAL, oot Aoste] mh f= &
4 54 29 4¥E A7 = S
T4 T8 Y 42 FRE ol SR E A
st 2 ule 3T | SUT Pl 2YAE Roldhe A
Fo| dlgs BAel N 2% Ng B
sisicht ol oro% % 580 Ha8-2 A5k S5 ALgRt
o 223 Alg HETF 5715 EAIA Al9) 2818 olgdt
FAIEW © 5]&T} Zo] FHMAZ0 g o5t 1,]0157]- xo o
F a0l 1D A9 SohEIPE FA2 A% RG-S WA
s17] sistel ARSI QT3] 4T 242 B Bk
B4 BB AES Yo B4S BT B HE Pa &
T @a%% | Z71eha AW Agfo] Gast] 2HA 2]
o] Z7kIth uky] % B FAH B B
bt 717} ASlid ol oS o9 1412
A 9 AEWAZE] JFOE AT} F7loHA] T, AlerE
277 32 13 93] 271 7 dstel] dheolcHI1). of
A vk % e S715H gk B4 aRe e 55
WEY Wk AAEL 7H Bxpol 28] Kt e, v
A 3ol 34 594 A 349S APt st 24
Aol A A|FEHs B4 Zek4d F N 54| v]Sto] Skx}o] A
o wajol % of w23 3849l 47} s siet.

F4 5%4 99 3|4y B fuiedeler 5835

I

& 1o o k
rﬁ*%” S

X
¥
ol

www.anesth-pain-med.org



(=]
>
0%
Ll
gt
4
ol
~
ol
2
Olft
=
rn
Of
ol
=
ol
12

H

=l
et
Lzt
ol
to

| DS Ty Risaoll B4 STY B sl N8 32

A 527k glont Bo] e @ S&0) FRE sl 24
sk A4 S BUF 35 5Y B FFF0E gF
W g X3 W SRjlA] oh 5 2 B 20 34
e Agsto] sntE e S0 28%2 W & A4S A4
PHEL oIS 4 Uk & F AT 240 Pasigon], o
o Yoy YEo| Pas Be) Ak 2 % thah a7eke HAjsh
s, 5% B2 A ABT BHao BuE

A, w25

2 2ol l#EoPﬂ =R
S| NER] FEE Fo7t “JRE}EHB] 2= R 714 -g
N5t UIETTE 4] 45%F EXZ
gl FAZH(V) 960 mlE= Bourke and Smith 24 V
= EBV x In(HCT, / HCT )& &85} ﬂl*Pﬁ}@EP(Zﬂ Ellls
EIYE[HCT,), % SuIEIYEHCT,], 34 IALFEBV
= 0.417 x 7] +0.045 x #Z - 0.03, T2 4<% 3.8 L)
14]. 34 534 Y SJHE AFs & Y} Auk, =4
=] AAESHEE E W37 YUtHTable 2). oA AGolA F
54 BN U /Klfv‘“ﬂ o A ] ARAESHE = St
EIFE 30% sEoIA F2435] AstEle S EAH15] &
8 o] HLe UHVWE-& A9 &3S A1 H FntER
YE A7} 30% ©|otE YojAR 4 ¥ AFARESHET} oF
20% J& 4okt

A9 =3 sh= B FAISlok ot A SHtEAE 4]
o #RTI A= o Hs| =To] vt BAl= 20% olete] W
2 JuIEIHE X7 A9 &3 F vlA] &3 Foi s 45}
ko] AbA o Wl 27 HEE JfAsity AYzhetant sk
F| ol 22% o]ty W2 FRFE AT E X7} 25]8 F£7
FHE 9 ATES =Y 5 A2 Y 7R vE-S ASAlT]
2 HETH13] E3L A9 &
4 ¥ AaRslro] F2% AslE

o M
_O|L
1)
2
‘“ﬁ

=2 —’F
28 J15Ae ol A

& & =t gy 4@.%

op7IstATH15]. oo FE= A

ERE 25-30% Atol= 5.

%% di5d B §h3on Buh e W BR0lA ol
A4 AGT F7h50] FukE 49 34 594 Lo AL
A7¥H Aofolut gAte] ez QIs) AFE4e AlehA £
o tjeto] g 4 Ik Thet AlHY S AHSHE B YR e
StEze|E £ QoA SRl ofd X wEES
27h02 4 9lo] ARt 2o] Wasie], HAo] ot Pl

stolAle /M A7 Bastt

www.anesth-pain-med.org

CONFLICTS OF INTEREST

No potential conflict of interest relevant to this article

was reported.

AUTHOR CONTRIBUTIONS

Conceptualization: Ilsang Han, A-ran Lee. Data acquisi-
tion: Ho June Kang. Supervision: Young Woo Cho. Writ-
ing—original draft: Ilsang Han, Min Gi An. Writing—review

& editing: Soon Eun Park, A-ran Lee.

ORCID

Ilsang Han, https://orcid.org/0000-0002-6475-9310
Young Woo Cho, https://orcid.org/0000-0001-9683-1367
Soon Eun Park, https://orcid.org/0000-0002-7184-2067
Min Gi An, https://orcid.org/0000-0001-5138-8955

Ho June Kang, https://orcid.org/0000-0002-0123-2570
A-ran Lee, https://orcid.org/0000-0003-1045-2644

REFERENCES

—

. Edmunds LH Jr, Colman RW. Thrombin during cardiopulmo-
nary bypass. Ann Thorac Surg 2006; 82: 2315-22.

2. Cundy J. The perioperative management of patients with poly-
cythaemia. Ann R Coll Surg Engl 1980; 62: 470-5.

3.Im H, Min JJ, YangJ, Lee SM, Lee JH. Anesthetic management of
a patient with polycythemia vera undergoing emergency repair
of a type-A aortic dissection and concomitant coronary artery
bypass grafting: a case report. Korean J Anesthesiol 2015; 68:
608-12.

4.7i SM, Kim SH, Nam JS, Yun HJ, Choi JH, Lee EH, et al. Predictive
value of rotational thromboelastometry during cardiopulmo-
nary bypass for thrombocytopenia and hypofibrinogenemia af-
ter weaning of cardiopulmonary bypass. Korean J Anesthesiol
2015; 68: 241-8.

5. Swerdlow SH, Campo E, Harris NL, Jaffe ES, Pileri SA, Stein H,
et al. WHO classification of tumours of haematopoietic and
lymphoid tissues. 4th ed. Lyon: International Agency for Re-
search on Cancer (IARC). 2017.

6. Braekkan SK, Mathiesen EB, Njolstad I, Wilsgaard T, Hansen JB.
Hematocrit and risk of venous thromboembolism in a general
population. The Tromso study. Haematologica 2010; 95: 270-5.

7. Risti¢ L, Ranc¢i¢ M, Radovi¢ M, Ciri¢ Z, Kutlesi¢ Kurtovi¢ D. Pul-

monary embolism in chronic hypoxemic patients with and


https://doi.org/10.1016/j.athoracsur.2006.06.072
https://doi.org/10.1016/j.athoracsur.2006.06.072
https://www.ncbi.nlm.nih.gov/pubmed/7436307
https://www.ncbi.nlm.nih.gov/pubmed/7436307
https://doi.org/10.4097/kjae.2015.68.6.608
https://doi.org/10.4097/kjae.2015.68.6.608
https://doi.org/10.4097/kjae.2015.68.6.608
https://doi.org/10.4097/kjae.2015.68.6.608
https://doi.org/10.4097/kjae.2015.68.3.241
https://doi.org/10.4097/kjae.2015.68.3.241
https://doi.org/10.4097/kjae.2015.68.3.241
https://doi.org/10.4097/kjae.2015.68.3.241
https://doi.org/10.3324/haematol.2009.008417
https://www.ncbi.nlm.nih.gov/pubmed/23892842

Anesth Pain Med Vol. 15 No. 2

without secondary polycythemia--analysis of risk factors in
prospective clinical study. Med Glas (Zenica) 2013; 10: 258-65.

8. Nadeem O, Gui J, Ornstein DL. Prevalence of venous thrombo-

embolism in patients with secondary polycythemia. Clin Appl
Thromb Hemost 2013; 19: 363-6.

9. Assi TB, Baz E. Current applications of therapeutic phlebotomy.
Blood Transfus 2014; 12(Suppl 1): s75-83.

10. Kong JH, Lee SN, Eom HS, Lee HW, Han JY, Yoo Heon, et al. As-

sessment of effects of phlebotomy in patients with polycythe-
mia vera and secondary polycythemia. Korean ] Blood Transfus
2013; 24: 265-74.

11. Ickx BE, Rigolet M, Van Der Linden PJ. Cardiovascular and met-

abolic response to acute normovolemic anemia. Effects of an-
esthesia. Anesthesiology 2000; 93: 1011-6.

12. Licker M, Sierra J, Kalangos A, Panos A, Diaper J, Ellenberger C.

Cardioprotective effects of acute normovolemic hemodilution
in patients with severe aortic stenosis undergoing valve re-
placement. Transfusion 2007; 47: 341-50.

13. Licker M, Sierra ], Kalangos A, Panos A, Diaper J, Ellenberger C.

14.

Cardioprotective effects of acute normovolemic hemodilution
in patients with severe aortic stenosis undergoing valve re-
placement. Transfusion 2007; 47: 341-50.

Meier ], Kleen M, Habler O, Kemming G, Messmer K. New
mathematical model for the correct prediction of the exchange-
able blood volume during acute normovolemic hemodilution.
Acta Anaesthesiol Scand 2003; 47: 37-45.

15. Han SH, Ham BM, Oh YS, Bahk JH, Ro Y], Do SH, et al. The effect

of acute normovolemic haemodilution on cerebral oxygen-
ation. Int J Clin Pract 2004; 58: 903-6.

www.anesth-pain-med.org


https://doi.org/10.1177/1076029612460425
https://doi.org/10.1177/1076029612460425
https://doi.org/10.1177/1076029612460425
https://www.ncbi.nlm.nih.gov/pubmed/24120605
https://www.ncbi.nlm.nih.gov/pubmed/24120605
https://doi.org/10.1097/00000542-200010000-00024
https://doi.org/10.1097/00000542-200010000-00024
https://doi.org/10.1097/00000542-200010000-00024
https://doi.org/10.1111/j.1537-2995.2007.01111.x
https://doi.org/10.1111/j.1537-2995.2007.01111.x
https://doi.org/10.1111/j.1537-2995.2007.01111.x
https://doi.org/10.1111/j.1537-2995.2007.01111.x
https://doi.org/10.1111/j.1537-2995.2007.01111.x
https://doi.org/10.1111/j.1537-2995.2007.01111.x
https://doi.org/10.1111/j.1537-2995.2007.01111.x
https://doi.org/10.1111/j.1537-2995.2007.01111.x
https://doi.org/10.1034/j.1399-6576.2003.470107.x
https://doi.org/10.1034/j.1399-6576.2003.470107.x
https://doi.org/10.1034/j.1399-6576.2003.470107.x
https://doi.org/10.1034/j.1399-6576.2003.470107.x
https://doi.org/10.1111/j.1742-1241.2004.00120.x
https://doi.org/10.1111/j.1742-1241.2004.00120.x
https://doi.org/10.1111/j.1742-1241.2004.00120.x

	증례
	고찰
	CONFLICTS OF INTEREST
	AUTHOR CONTRIBUTIONS
	ORCID
	REFERENCES

