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Problem Solving in Hyperviscosity Syndrome
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(rouleaux formation) LLa¥WU abnormal mononuclear cells
(Figure 1 A B)
. 1 1%
Bone marrow aspirate : @@Vbﬂ,@
Bone marrow biopsy : U auzasidiniion ulanszgnuis
294 WU plasma cells NIRAUNA 90% (Figure 1 C) mseian
& congo red WaaITIa amyloidosis Iﬁmaa‘u
N1961999 immunophenotype : IRANARDANN peripheral
blood #eA3la llaiamany CD38+ cells CD38 it marker
284 cell activation ‘W‘UEL‘LL myeloma cells 8¢ leukemia
N13961999 immunohistochemistry : TAA Lﬁmaa@mﬂ»lfﬂﬂ‘mi)ﬂ
Wi CD138+, CD56+, CD20-, CD790(- ey IgM- (Figure
1D) CD138 1114 marker 284 plasma cells CD56 ‘W‘UM
myeloma cells, natural killer cells W activated T cells
CD20 W CD790. 1% marker 989 B cells igaauiniiianyas
ALt CD138+, CD56+ wae CD20- Aiiasienilss plasma cell
P Mya s . .
myeloma {1 olalldifinlsn Waldenstrom's macroglobulinemia
et Waldenstrom's macroglobulinemia ¢§1379
WU CD20+ Wag IgM+
Coagulation test : prothrombin time 20.1 3% (fUNG
94-141 3mﬁ) normal control 10.1 3% activated partial
thromboplastin time 28.6 391 (AUnd 24.1-34.1 Jwh)
normal control 26.8 411
NMEOTRNRDAANT® : eIewada nephelometry  ¥ien
mafauanduILTUleufiuafinewu particle 1§n9 2N
TR UEIONNIEND particle LAINTIVIAMINTEAILVDIUE
(light scatter) WRsUBLAUNTMANATH® o nTSurtle
NHaAd LA hEANTaLaLIIAN YDA nephelometer
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Paian lanaeiiwioifentis savaiuphosphate buffer
saline 1WAeuLlad/avq (net charge) vadlséiv Fauld
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D

Figure 1. A Peripheral blood smear: rouleaux formation (40x); B Peripheral blood smear: abnormal mononuclear

cells (100x); € Bone marrow biopsy: abnormal plasma cells displacing normal marrow element (40x); D Bone

marrow biopsy: positively stained with CD138 (plasma cell marker) antibody (40x).

paraprotein avaeldeu®  hEsiSenadenana
AaneianeLesng nephelometer Enaditiae IgG 8,880
mg/dL (MUn& 800-1,700 mg/dL) IgM <17.1 mg/dL (¢
1ndl 50-370 mg/dL) IgA <24.9 mg/dL (MuUn& 85-490
mg/dL) Bz—microglobuhn 10.9 mg/dL (MUN& 0.7-1.8 mg/
dL) kappa 6.43 mg/L (uUn@ 3.30-19.40 mg/L) lambda
1,410 mg/L (MUn@ 5.71-26.30 mg/L)
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131904 gamma zone Mﬂﬂ%lqmmaa\lé’ﬂwmmﬂu monoclonal
gammopathy (Figure 2 A) monoclonal gammopathy f8
SuylulnarAufiedroan plasma cells Saduloamdentin®
N190999 urine protein electrophoresis : WU monoclonal

gammopathy (Figure 2 B)

N1961593 urine Bence Jones protein : positive
MN5IENT98N : WU right lower lung infiltration (Figure
3 A)
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punch-out lesion (Figure 3 B) %Mﬁ(ﬂmﬂ plasma cells
fifinn@fadiery stromal cells Tulanszgn vhl# stromal
cells 1)151:@ osteoclast-activating factors »Lllﬂiséj% osteoclast
nvhaensegn'®
mimmwm%mawz : W‘]_IL%B Acinetobacter baumannii
ﬂ’li@l‘i?ﬂ’(l’l\iﬁ%']ﬂ'\ilagﬂﬂ
1. evangiien ABO uay RhD ¢nefid standard tube
test’® uay gel test [ABD card (DiaMed, Cressier,

Switzerland)]

a Al Aou o Au Y o ana 1%
2. Gﬁ’]ﬁ]ﬂ‘iﬂ%l@%@]ﬂﬂ(ﬂi%‘ﬁﬂ I@]H%’]‘ﬁiﬂ@ﬂ’)&lmmﬂgﬂimﬂﬂ

Masslaiinineuazzensasuimslaia U7 21 aufi 2 seneu-Snwen 2554



76 NEWA N LaTAL

protein

UPEP

Fraction %

Apha 1 - 27 7ss S, Ra
Alpha 2 21.9 high 5.1 12.0

- 2.9 high 13 24,0 ToinL. T

Total prot

A/G 0.47

A

B

Figure 2. A Serum protein electrophoresis showed monoclonal gammopathy; B Urine protein electrophoresis

demonstrated monoclonal protein.

A

Figure 3. A Chest x-ray showed right lower lung infiltration; B Film skull revealed punched-out lytic lesions.

screening cells (guhAnslafauisndanmenlne)
87 standard tube test”” wa gel test [LISS Coombs
card (DiaMed, Cressier, Switzerland)]

3. ¥ autocontrol lneshsugthesnvUfiseniudiodan

LONYDIG LD

4. €379 direct antiglobulin test MeAT standard tube 6.

o

test'®

o o Awv b2 ° Aanaa (%3 @ A
N crossmatch I@?J‘W]‘ﬁill @ﬂ’)ﬂNjWWﬂaﬂiﬁl'mU LNALARD A
WANTRINLANANINDIDY 37 4. way antiglobulin
test eAD standard tube test” Wag gel test [LISS
Coombs card (DiaMed, Cressier, Switzerland)]
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UAY anti-A, B usiyUfNaenAy anti-D N3e393 cell grouping
Lﬂumﬂ O, RhD positive (Table 1) N1361593 serum grouping
ilalgmns@smitendwin Sabasudihe guigung®
37°. e 30 il WuNeNRniiaaEEanas NeEIa
serum grouping ﬁqmwgﬁ 37°. %%Néﬂ?&lﬁ?ﬂﬁﬁ%m 3+
Audindanuas A cells wag B cells wansnpthedung O
mIaansiien ABO Way RhD o35 gel test Iinau
WeANLAT standard tube test (Figure 4 A) M36197a direct
antiglobulin test 1#Haaw
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Ail A v 1 M ¥ Ao A XK o Au L2 1 t:i
fgpngivaselalldinnedsimila Sehasudiheligud
avini 37°9. Wi 30 Wifineuwnesay wuiigam)i

o Ao Yy o |ama o . v <
37 4. @ndihelfReniy screening cells Tl
rouleaux formation WGLIOEUNAT antiglobulin phase
Tnaay (Table 2) mM3vh autocontrol WUNE rouleaux
formation WwMPEAT4  naemResdniuldeeEsy
ReiudaiRanuasrLEnams O man 3 gila (H09130,
H09390 waz H09991) s mnafigaamnil 37°%. Tnaifly
rouleaux formation el antiglobulin phase Tinaaufiv
ynglie  MamsansasuenfuaA gt gel test
Tinande mixed field agglutination MU screening cells
(Figure 4 B) M1 autocontrol slﬁwaﬂﬁm mixed field
agglutination Wi WEAYIIMIATIANTAIOUFLAA [T
5u0eAT gel test WinauanUaan 619 gel test 8@
limsnzandmsueTansasuouiived unsdaaniauay
§1 rouleaux formation NMAETIRENNENTLIGTEATNTEN
L £ [~3 A Y A ] 1% aa %
Aiherfusindanuastisnemsy O fed gel test [Huany

Table 1. ABO and RhD blood grouping and direct antiglobulin test (DAT)

Cell grouping Serum grouping RhD DAT
Anti-A Anti-B Anti-A,B A1 cells B cells typing
0 0 0 not done* not done* 4+ 0
Warm serum at 37°C 30 min 3+ 3+
*Serum grouping at room temperature was not done due to gel-like serum.
- 2 e —. - d -
W
w ‘. . i - .
- - - ‘
- = -
B |DVI- | | . i
-Jloz) (RH1) cﬂ i A 8 H93e Ato, 0 | ‘%
monoclonal AntilgG + C
2 o
A B

Figure 4. A Gel blood grouping test was O, RhD positive; B Gel antibody screening (O1 and OZ) test was false

positive due to the increase of the plasma viscosity and paraprotein interference.
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Table 2. Antibody screening, autocontrol and crossmatching

Antibody screening Autocontrol Crossmatch with group O RBCs
O cells O cells No. H09130, H09390 and H09991
1 2
Room temperature not done* | not done* not done* not done*
37°C 30 min 2+ 2+ 2+ 2+
Antiglobulin test 0 0 0 0

*Gel-like serum ; Rf = rouleaux formation

N1961593 plasma viscosity
winms : enfumsinavemandaHmaeneDan auaaeied
Ostwald viscometer (Figure b5) slmzalzmaﬁﬁmm ol
L’Jawé'”hl,l,@iwawamiwaam@uﬁﬂ (start mark) l1/8lsqagavhe
(stop mark) mnmﬁiﬁlﬂﬁwmmm kinematic viscosity
e dynamic viscosity
Kinematic viscosity
= (@hmﬁmam’%m Ostwald viscometer) x (1981)
kinematic viscosity Apdamamuas dynamic viscosity
¢la density e luseuy ©gs unit \T11 centistroke (cSt)
Dynamic viscosity
= (AMNANUUUIDINAEN) x (kinematic viscosity)
dynamic viscosity 14 absolute viscosity Smiyluszuy

Figure 5. Plasma viscosity was measured by an Ostwald

viscometer.

cgs unit i centipoise (cP) I@ULﬁ&JUWﬁﬁU millipascal-
second (mPa.s) 9993¢U1 SI unit Toavhlumsnsa plasma

viscosity AUTUHALT dynamic viscosity

aa
BM15
| oy oA P ~
1. gunadapthegumnd 37 4. e 30 win
2. lthemansan 10 mL aslweRas Ostwald viscometer

w

gnenatmanaanawiiein start mark Sunmmsive
YDIWAFAAIN start mark IUD stop mark ﬁWL‘ﬁWi 3
a%s mennaiade
4. shnausdelifwanim kinematic viscosity Way dynamic
viscosity
5. INAENAUUNGN®39 plasma viscosity \l%4 normal
control
M361339 plasma viscosity #aNANNALFTIV kinematic
viscosity WiEaN dynamic viscosity SnaA3MT
Idnanluuds eansnsnesan dynamic viscosity 1aeni
Wmﬁm&ﬁ;ﬂ’;amvlmamuwaawmﬂam’%maméaa Ostwald
viscometer S AlFlunslsaan start mark auds stop
mark WRsUfiuna i Fluns marasindu®

Plasma viscosity

= Viscosity 2091hNaw x a7 4 lwms azasmans

L?ﬁ?ﬁiﬂ%ﬂﬁiﬂﬂ‘ﬂ@ﬂﬁ?ﬂg%

mmwﬁmmﬁwﬁqmmﬁ 20'9. = 1.002 cP LLa::ﬁqmmﬂ
37°%. = 0.6947 cP mmwﬁ@%uﬁuqmmﬁ ammﬁzja%u
ernaiiaanag dihemeiiuaniulalldema plasma viscosity
elalnsnanmiedas Ostwald viscometer |éluanizrin
RN plasma exchange 4 @%ﬂ §1379 plasma viscosity
ﬁqmmﬁ 37°%. = 1.14 cP (control plasma viscosity A%
Unél = 1.13 cP)
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15911 plasma exchange

Uy Yo Aaa (% @) . .

@ﬁfgﬂ@fmﬂmwmmﬂu}m multiple myeloma with
hyperviscosity syndrome L'W‘a‘?EWUWﬁWﬂmL"'ﬂ’aé“ﬁﬁﬁﬂﬂaagﬂ%

4 v a A .9

Vlfumz@ﬂm wamTﬂuTmauaaquInaqau yilrarranylaln

% A /:il a a
Trata 1gG lwdoauaclutlaame wmaﬂiﬂwmz@ﬂmwz o

A A o A A A A \'L X \'L A
Lavlaaavia” maniaaaniasn ae linesaNa s lline

o 8 2oy A = B YR o )
W wﬂmﬂawmmﬂm VLSJ@Q&JE&WH myeloma protein
fhughmaravaasihiunsudsuasdaneiia sl
A A Aa Aa U Yo [% % °
HiaamanHaUng @ﬂ’gﬁlmumﬁﬂmmamsm plasma
exchange 15vanmh 1 W89 total plasma volume KGN
mn”[sim;mamn%mim%mao&;’{ﬂ’;HVL@’T M3k plasma
volume g1henFanlaeBaifsanlssmennasminmmuIn.

Total plasma volume
= Total blood volume x (100-hematocrit)

100

= (70 mg/kg) x (body weight) x (100-20)

100

= (70) x (60) x (0.8)
= 3,360 mL

¥ plasma exchange I@EJLﬂ%mLLHﬂdﬁuﬂizﬂaUﬂaﬂLﬁm
5@11%8:@‘53UU continuous flow (Fresenius Kabi Comtec,
Germany) | ACD-A fusnsfudonuds Saam ACD-A
- whole blood = 1:10 ACD-A rate 0.1 mL/min/L.  blood
flow rate 50 mL/min mmm’%@q@”@@a@rﬁﬂaHaaﬂmﬁuu&m
wurhwanasashemitanfiyiufemume usiesaly
awnamldnfianaunssuanms mavh plasma exchange
Ievhmanssneasgilenon 3013 mL uaglsk fresh frozen
plasma 3,065 mL Lﬂuﬂﬁﬁmmmu éﬂ?ﬂi?ﬁﬁﬁ? plasma
exchange W 4 oFs lwiudt 1,2, 5 U8y 7 209NN
9N plasma exchange afausn anamilonaadon
anas isasnsatiuiadensaliiid a31a CBC lénadsil
CBC : Hb 564 g/dL. Het 16.7% WBC 28,700/UL band
6% neutrophil 90% lymphocyte 3% plasma cell 1%
platelets count 61,600/ULL  RBC 1.79 x 10%mL MCV
93.1 f. MCH 30.9 pg MCHC 33.2% RDW 20.9%

1961523 blood chemistry : BUN 24 mg/dL (muné 7-24
mg/dL) creatinine 1.3 mg/dL (@Und 0.6-1.6 mg/dL)
total protein 5.8 g/dL (MUNG 6.0-8.5 g/dL) albumin 1.0
g/dL (MUn 3.2-5.0 g/dL) globulin 4.8 g/dL (Muné 2.8-
3.5 g/dL) alkaline phosphatase 48 U/L (end 21-128

U/L) cholesterol 45 mg/dL (UG <200 mg/dL) AST
111 U/L (Muné 3-37 U/L) ALT 104 U/L (MuUn@ 7-42
U/L) total bilirubin 0.68 mg/dL (Muné 0.1-1.1 mg/dL)
direct bilirubin 0.43 mg/dL (MUN& 0-0.3 mg/dL) LDH
324 U/L (Min& 113-246 U/L) total calcium 7.6 mg/dL
(MUN& 7-11 mg/dL)

WaMIn3Ia CBC wuhdihedesnn Sslfidaidonuns
8] O 2 4ila (Maemaemad il antiglobulin phase
Tinaay) mavh plasma exchange a%st 2 Baswile
108a9 98AIATNEI ACD-A : whole blood = 1:12 &%
M13¥1 plasma exchange a%sft 3 uavedet 4 Banlainile
A9AASANEM ACD-A : whole blood = 1:16 #aINYN
plasma exchange ﬂ%ﬂ‘ﬁ 4 §1339 plasma viscosity 1.14 cP
(control plasma viscosity AuLUNG 1.13 cP) rﬁﬂwﬁqm%@
Hb 8 g/dL Hot 24.1% 3elhidlaifionunsms O 8 1 gl

M3 plasma exchange Sy palliative treatment ‘Vloﬂﬁ
fheflonmaviaem nsnmidesniiesiiudesinm
mmqﬁa}m multiple myeloma I@ﬂﬁ bortezomib 1.3 mg/m’
ee dexamethazone 40 mg/day bortezomib i) proteasome
inhibitor aamw%ﬁuézqmiﬁmmaq 265 proteasome 49vi
wihivhanelsivdidusmnanelssad AILAA cyclins Lag
cyclin-dependent kinase inhibitor Iﬂi@%ﬁ'muqmwﬁ%m
2DITAR LLﬁtIﬁiauﬁluﬁﬁm%ﬁumimzﬁu transcription
factor M5 apoptosis mamaéuaz cell trafficking &30
tudamaasnyiulmangadussmmeria® ;}jﬂqmmﬁ
fnsfndafien MInsaEAENUES  Acinetobacter
baumannii i@ﬂﬁawﬂﬁ%m colistin 310 mg/day &Y
N3nNIE bortezomib Way dexamethazone Hwa 1
Syt fiheflld yrndusn Sadaamya bortezomib way
dexamethasone W12 dexamethasone YhismsAnias
famifuanniu visndthomeanamaUeasnisuud
¢lsmssnndhedy prednisolone 60 mg/m?® Msdn
mariheluam 3 Wausasn CBC : Hb 11.2 g/dL Hot
34% WBC 5,680/[LL. neutrophil 40% lymphocyte 36%
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1.3 mg/m’, melphalan 9 mg/m’ 1a¢ prednisolone 60 mg/
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A 2223

#Ha”? myeloma protein AWANTENLABNIATIAMIADS
VAT stianalnmemaiiensiaeiasialusiavi sild
M3 phosphate buffer saline #1RRINTSN WaM a0
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monomer polymerization”*
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M99 plasma exchange 1 W89 plasma volume §1%130
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[ 4 (% @ v A [ Aa A t:i
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MNIIMAUN Q’ﬂw hyperviscosity syndrome TGN

[ Y o A ° % A A 4::' ‘g

se¥en malidiadesuasagi enanilasasfeaiingy
1% L% v [ ‘5 A g °
fawalanmavastithafiusnniis nadiauil 023vh plasma

5,26

1 Y @ A ] o ) % P2 A
exchange Mawlifiadanuas®® usmnanfudaslidaban
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Problem Solving in Hyperviscosity Syndrome
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Charin Ya-in, Phanthana Chainual**
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Abstract : Hyperviscosity syndrome refers to the clinical sequelae of increased blood viscosity resulting from
increased immunoglobulin in blood circulation. An interesting case of multiple myeloma with hyperviscosity
syndrome was reported. A 54-year-old man was presented with epistaxis and anemia. The blood sample was
failed to operate on the automated hematology analyzer due to high plasma viscosity. Peripheral blood smear
showed rouleaux formation. The bone marrow was nearly entirely replaced by the abnormal plasma cells.
The high amount of IgG caused gel-like serum pattern. The serum and urine protein electrophoresis revealed
monoclonal gammopathy. Blood grouping was O, RhD positive with negative direct antiglobulin test. The antibody
screening at room temperature by standard tube test was failed due to viscous serum. The antibody screening
and autocontrol were done at 37 C and antiglobulin test, respectively. Rouleaux formation was found at 37 C
but negative at antiglobulin phase. Saline replacement technique was used to separate rouleaux formation from
antigen-antibody reaction. The antibody screening by gel test resembled mixed field agglutination but the result
was false positive. Crossmatching between patient’s serum and group O red cells showed rouleaux formation
at 37°C but negative at antiglobulin phase. Plasma exchange was performed and hyperviscosity syndrome was
resolved. After plasma exchange, the plasma viscosity was 1.14 cP. He was anemia, Hb 5.54 g/dL and Hct 16.7%,
so three units of packed red cells were given. Conclusion : A case of IgG multiple myeloma with hyperviscosity
syndrome was detected. The high amount of IgG affected the laboratory evaluation including antibody screening
and crossmatching. Diluting serum with phosphate buffer saline or warming serum at 37 C solved the problem.
Plasma exchange to reduce blood viscosity showed the benefits for these conditions.

Key Words : @ Plasma viscosity ® Plasma exchange ® Hyperviscosity syndrome @ Multiple myeloma

® Rouleaux formation
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