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DISSEMINATED INTRAVASCULAR
COAGULOPATHY; A CONDITION TO MONITOR IN

THE MANAGEMENT OF LEUKAEMIA PATIENTS

ABSTRACT

Background: Disseminated intravascular coagulopathy is a consumption coagulopathy
which mostly results from an underlying disease. It occurs as a result of the activation of the
coagulation cascade and hence leading to the formation of thrombi resulting in haemorrhage
due to the excessive consumption of platelet and coagulation factors. Malignancy is
associated with hypercoagulable state and increased risk for thrombohemorrhagic
complications and leukaemia is no exception. Bleeding manifestations are common in acute
leukemias, especially in acute myeloblastic leukemia, and are prominent of an initial stage of

the disease. This study assessed disseminated intravascular coagulopathy (DIC) in leukaemia

- patients in Nigeria.

Materials and Methods: One hundred and sixteen (116) subjects were recruited for the
study consisting of 58 leukaemic subjects (AML, CLL, and CML) and 58 age and sex

matched control subjects. The parameters estimated in this study were prothrombin time,

partial thromboplastin time M international normalised ratio W Mo NEED

r/éagfffs’; D-dimer usiﬂgifina—@&am-@efr%—D-démer—reageﬂt-eﬂ»Rmhe—Cﬂbas—ﬁ—-i-}-}rﬁﬂa-lyser PfE‘;CR{ 8

Dy immunoturbidemetry-method, packed cell volume, platelet and white blood cell counts SPECIFic
AETRop s 10

_were run-on-Abaeus-junior-haematologieal-auto-analyser. FHE
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Result: The mean = SD of the parameters assessed in the leukaemic patients include

3.74+3.13pug FEU/mL, 67.59+55.7 l4econds, 77.34:':31.8%(30011::13, 193.62ﬂ:102.7?(/:ells/mm3, PLEASE
# vsE THE
74+124.42 cells/mm3, 30.07+5.38%, and 1.84+0.09 for D-dimer, PT, PTT% platelets, WBC, /4§ HE
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PCV and INR respectively. The results display a significant statistical difference between the TE M
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leukemic and the control subjects (p<0.05).

Conclusion: The abnormality of these haemostatic parameters occurring in the leukaemic
subjects (AML, CLL, and CML) is highly indicative of occurrence of disseminated
intravascular coagulopathy in these patients. This study therefore shows that disseminated

TTPES

intravascular coagulopathy can occur as a complication of {;xﬁét various cra"és of leukaemia y

AVD THIs SHouvLp PRo#aip AN EA L) A AP /’4’171"6#?_\ ARNHGE ENT .

studied especially-ifnot properly managed and-intervention-commenced-early.
Key Words: Disseminated intravascular coagulation, leukaemia, malignancy, haemostasis.
INTRODUCTION

Disseminated Intravascular Coagulation (DIC) is an abnormality characterized by the
systemic intravascular activation of the coagulation system, simultaneously causing
intravascular thrombi, distorting adequate blood supply to the organs, and bleeding as a result
of exhaustion of the platelets and coagulation factors [1]. The clinical characteristics of DIC
include spontaneous or induced bleeding complications and thrombotic complications,
whereas multiple organ failures may be in part a complication of intravascular fibrin
formation. Also, the generation of multiple proteolytically active enzymes of the clotting
cascade may escalate inflammatory activity, which may increase the systemic inflammatory

syndrome [2].

Various disorders, including infections or inflammatory conditions and malignant disease,
can cause activation of coagulation. In several cases, this activation of coagulation may not

cause clinical complications and may not even be detectable by routine laboratory analysis
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[3]). However, if activation of coagulation is sufficiently strong, a reduction in platelet count

and extension of global clotting time may become evident [3]. The management of DIC is

mMaweY

m;j@ﬂy directed at treating the underlying disease, but supportive care may be essential. This
care may involve supplementing the reduced coagulation factors and endogenous
coagulations inhibitors, and of inhibiting coagulation by different anticoagulant strategies, or

by exploiting the fibrinolytic system [4].

WEOPLA ST ¢ Dt SEHNSE 5

A
DIC could be initiated-or-be-as-aresult-of complication of some clonal diseases-or-others-that

invelve-normrat-productionof plateltetsand-otherclottirg-factors such as leukaemia. t)

Leukaemia is a group of maiigr;ar.wies that normally starts in the bone marrow and causes the
production of raised numbers of abnormal white blood cells [5]. Leukaemia can be generally
classified as acute or chronic and can additionally be classified as myveloid or lymphoid
depending on the cell line that is affected. The cause of leukaemia remains unidentified. A
higher risk is associated with certain chemicals (benzene), with large doses of ionizing
radiation, and infection with specific viruses (e.g., Epstein-Barr virus, human lymphotropic
virus). Smoking cigarettes and exposure to electromagnetic fields also have been suggested
as predisposing factors [6]. In patients with leukaemia, the proliferation of malignant
hematopoietic cells in the bone marrow with frequent spillage into the peripheral blood leads

to a decrease in the number of normal circulating blood cells resulting into symptoms related

to anaemia, neutropenia and thrombocytopenia;?\( —> WRIN - (ﬁ:ﬁ gf—”jfﬁ/ -

X( IWSERT NERE) = 4ucng LEURERINS, 2 ~ 5 i o peost [ Prce
Kﬁmﬁ%&myelecy&e—l:enkﬂé‘mla (APL) ha \s—bes associated with multiple haemostatic

68

69

70

abnormalities [8]. Most, if not all, patients with APL have signs of DIC at the time of
diagnosis. Patients with APL have an increased risk of death during initiation therapy when

compared with patients with other forms of leukaemia, mostly due to bleeding.
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71 Unfortunately, outside of clinical trials the rate of early death in APL has not changed with ){
72 the advent of new therapies [9]. IVERT
e Y
> e  blc , PP i N P -
3 isseminated—intravasealar—eoagutopathy is a critical clinical condition and has been _ GEA
~ e
74  demonstrated in some individuals with acute leukaemia [10]. (‘[ here is paucity of information BEFoKE
Bt bl ¢
75 on the presence of disseminatedintravascular coagulopathy in different types of acute
76  leukaemia and other forms of chronic leukaemia in this environment. It is, therefore,
77  necessary to investigate DIC in individuals with different forms of leukaemia treatment for
78  the possibility of management of DIC alongside leukaemia in such situations.
79 MATERIALS AND METHODS
80  Subject Selection
81  One hundred and sixteen (116) subjects consisting of fifty eight (58) patients comprising of | VEED 10
. : . . . BE MORE
82 30 females and 28 males with acute myeloblastic leukaemia (AML), chronic lymphocytic sPECIFIL
83  leukaemia (CLL) and chronic myelocytic leukaemia (CML) who are currently under |— HOW My
PATIENE
84  treatment and 58 age-sex matched control subjects who consented were recruited into this wiTH Ame
P4 wow vk
85  study from the Federal Teaching Hospital, Ido—Ekiti, Nigeria and the University College Wi iy &LL,
AND wow
86  Hospital, Ibadan, Nigeria. Ethical approval was obtained from the Federal Teaching Hospital MR Wy
(v |
87  Ido-Ekiti, Ekiti State. "
—
83  Blood samples collection and analysis
89  Four millilitres (4 ml) of peripheral blood was collected from each patient and control
90  subjects that have given consent to participate in the study with 2 ml dispensed into the
91 0.25ml of trisodium citrate anticoagulant (anticoagulant, blood ratio, 1:9) for the coagulation
WERE ‘
92  studies; yfﬂ: 2 ml 'ﬁispensed into EDTA contained vials for the complete blood count. The
93  citrated blood for coagulation studies was separated by centrifugation at 1500 rpm for 15
94  minutes to obtain platelet rich plasma which was stored frozen at — 20°C until analysed.
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The parameters estimated in this study were prothrombin time, partial thromboplastin time
with kaolin, international normalised ratio using Diagen reagents; D-dimer using Tina Quant
Gen 2 D-dimer reagent on Roche Cobas C 111 analyser by immunoturbidometry method,/’
packed cell volume, platelet Iand white blood cell counts were run on Abacus junior

haematological auto analyser.
Statistical Analysis

The data generated was expressed as mean £ SD. A p-value < 0.05 was considered the

significant levels of the statistical analysis using SPSS version 20.

RESULTS

The mean+S.D of various parameters estimated in all participants involved in this study are
represented in Table 1. This reflects a significant difference between the patients when
compared with the control subjects with the patients demonstrating prolonged clotting times
as well as elevated counts than the controls (p<0.05). Platelet counts however reduced

significantly in the patients than the control subjects.

A"
Additionally, the PT and PTT}(&\ distribution among the D-dimer level in the leukaemic
subjects is represented in Table 2. It was observed that 86% of the patients had increased D-
dimer and prolonged PT while 48% had increase D-dimer and prolonged PTTK with 5%

having a prolonged PT, PTT;{, INR and increased D-dimer level.

Figure 1 demonstrates the correlation between the coagulation parameters and the type of
leukaemia. Chronic lymphocytic leukaemia (CLL) display a strong relationship with 55%

(32), being CLL patient, having increased D-dimer.



118  Table 1: Mean+SD of estimated Parameters in the Leukaemia patients and control subjects.

Parameters Patients Control t-test p-value
n=%% n=953
Mean+SD MeantSD
D-dimer(ug 3.744+3.13 0.31+0.18 5.888 0.001
FEU/mL)
PT(seconds) 67.59+55.71 13.10+1.06 5.266 0.001
" _
\;\Qx PTTI%/(seconds) 77.34+31.81 31.19+2.16 7.796 0.001
ot \
\N\Y Platelet count 193.62+102.79 233.69459.34  1.818 0.074
‘(j’ﬁ’ {\”‘0 X
U lls/mm™)
<® m*} A (ce
0P ¥
Ve e
@ ; WBC(cells/mm®)  74+124.42 5.08+1.34 3.506 0.001
\”\
PCV (%) 30.07+£5.38 37.80+4.63 5.870 0.001
©INR 1.84+0.09 1.1120.02 7.705 B

0.001

Pl e T e T

AOBUE VI ATIONS = )
119  PCV (Packed Cell Volume), WBC (White Blood Cell Count), PT (Prothrombin Time), PTTK

120 - (Partial Thromboplastin Time with-Kaetin), INR (International Normalised Ratio).

—— ————— — et = e e e

121 Table 2: Distribution of D-dimer levels among the PT and PTTK levels in the leukaemia

-— e —_

122 subjects.

D-dimer

NORMAL HIGH P value
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125 ~ FIGURE 1: Correlation between the type of leukaemia and coagulation parameters.
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127  (International Normalised Ratio).

128  DISCUSSION

_____ " $tome

/S T s Imr
F Comyba ﬂls'gﬁ
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129 Birss'emiﬂated——intra‘vagctﬂm—am'gufaﬁmi—ﬂ)lc)f is a dynamic process and the analysis

130  performed shows only the conditions at any given moment in time [I1]. In clinical

131 circumstances associated with this disord$ repeating these tests helps in establishing the

132 diagnosis. Analysis performed in assessing the haemostatic state give information about the
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133 clinical course and the diagnosis is established based on clinical suspicion and supportive
134  laboratory analysis [11]. The analyses performed include laboratory parameters indicative of
135  procoagulant and fibrinolytic substance activation, inhibitor consumptior} and organ damage
136 or failure [12], Rrothrambintime (PT), pa_rﬁa]_t.h.tmnb@pia*s{ifr‘ﬁme suikhskaalive (PTT/B()’ and

137  thrombocyte count show the consumption and activation of thrombocytes [11].

138 Malignancy 1is associated with a hypercoagulable state and a high risk for
139 thrombohemorrhagic complications. Its clinical complications may range from localized
140  thrombosis to bleeding of varying degrees of severity because of dissemjnaled—-iaﬁa&ase—u%&r
141 _(:ga.gj.la{-igﬂ—-(DIC)/ with life-threatening bleeding being frequent in acute leukemia,

w > vsvnicl
142 particularly in a.ume_ptomyemcytic_lsul@m;a—(API)/ [13]. Laboratory assessments show /N SCHENT FIE

ENetl 51,

143 profound hemostatic imbalance in this condition, with activation of coagulation, fibrinolysis, JHELL 5

Mo NEED Jo
144  and nonspecific proteolysis systems [13]. AEPear 7HE

THIS_STVDY ABEE VAL VATED T x DI ENNRE
155 Some coagulation parameters WMMMWSM&M%MLWr WoRss 1F
/ NELVD N Yoo mﬁr
146 coagulepathy-in leukaemia patients im—thﬁ'smﬂHhejmmEﬁ-esﬂmafed—m*e?—Pmﬁgmm 5P£C!F/ED
& g THEA
147 time-(PT)/INR, partial thromboptastin-time-with-kaotin-(PTTI), platelet, packed-cell volume ERRLY 10
* —

148  (PCV), and white-blood cellcourt( WBC). It was observed that the patients had a lower PCV //; #,55,; P

149 {p <0.05) and platelet (p >0.05) values when compared with values obtained in the control
150  subjects (Table 1) reflecting anaemia of chronic disease in the leukemic patients investigated
151 or as a result of cytotoxic therapy being administered. This established fact was validated by
152 a previous study carried out by Akanni ef al. (2010) [14] where a significant difference was

153  aobserved in PCV values of similar patients as compared with controls.

LEVEL S
154  The reduced nj;a.g:t’gﬁ pla‘{eletfgbserved is also suggestive of platelet excessive consumption/
155  which is indicative of likely oceurrence of DIC resultmg in the platelets being used up, hence
= womduerEs N i
156  bleeding. In a stmitarstudy- by Sadlk et al. (2014) [ , mul multicenter meta—an_a;l'fs)s where
( ] } G /
Ir’s polr
1 el dlana, 8 AEFERENCE 15 #15

“ETH memmg,y eT 14
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179

they-specifted-that the most frequent encountered abnormal laboratory findings in DIC were
listed as thrombocytopenia, increased fibrin degradation products, prolonged PT, PTT/B{and
low fibrinogen levels. Also, this study was c__;gg_q_@_@_ted by a study carried out by Laforcade
et al. (2003) [16], where it was reported that inactivation and excessive consumption of
platelets and clotting factors result in concurrent paradoxical bleeding, which is a sign of

SeFPPOR T
DIC. The previous reports corrobdrate’ with the results of this study.
~—"7f\rq.__

The PT, PTT}({ and INR of the leukaemia patients in this study were found to be

significantly prolonged (p<0.05) than those of the control subjects which were within normal

PRESVHAGLY )
range (Table 1). This is_observed to be-due to the exhaustion of some coagulation factors THE RE
. JvE Jo ~ AUST EE
involved in the extrinsic pathway in the leukaemic subjects which-is-suggestive-of DIC. Thi ,?;n/ £ %
o : gty v e
finding is similar to the report of another study carried out by Amr et al. (2014)/[17]/ " where /%E PEAL e f
they discovered the leukaemic subjects to have prolonged parameters than controls (p<0.05). érrf A
ASE REPoRT
Sadik er al. (2014) [15] also concluded in a study that prolonged PT, PTT}{, and INR is a CFr Ap/
.y Ao —
common finding in DIC. ARt A0 YA

The increased D-dimer level in the studied patients along with the increased PT/PTT,I(
observed in this study indicates an increased fibrinolytic activity due to the increased fibrin
deposition by coagulation process in the leukaemic subjects, since D-Dimer is a fibrin

degradation product and hence an increased D-Dimer level is a diagnostic factor of DIC.

The \ar&Sﬁ sex distribution for the WBC, platelet and the haemostatic parameters carried
7 (A0 .Dﬂlﬁ Nor-
out in this study displays an insignificant statistical difference between the gender/si which S Ho v !

infers that gender has no effects on these parameters measured. Howeve1 there was a
: Yﬂéﬂ‘?}rfﬂé
statistically significant difference (p<0.05) in the PCV, thus showing that gender plays a

major role in the PCV values of the subjects.
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REVIEW
Furthermore, 86% of the patients were observed to have increased D-dimer and prolonged % ﬁv’E

PT/ while 48% had increased D-dimer and prolonged PTT% (Table 2)/ indicating the g E N/E/vﬁ

development of Drc?ﬁgq 5% having a prolonged PT, PTTK,INR and increased D-dimer Is Too

LON(G
level mblis%g-the onset of DIC symptoms which is evidenced by some bleeding episodes AN D
# N
experienced by the patients. This observation is corroborated by a study that ascertained the Pg%@ﬁ{ 67
prolonged PT/PTTI‘(\ and D-dimer as diagnostic tools for DIC [11]. KE ~ WRY ]Z
MORE

This study also revealed a strong relationship between the coagulation parameters and the CLMKL}/(

e of leukaemia (Figure 1) establishing the fact that leukaemia presents with abnormalities
typ (Fig )i g p SAME. HEKE =
in laboratory analysis of blood coagulation, even without clinical signs with the disorders TS5
ey SEMIENCE

demonstrating varying degrees of blood -clotting activation and characterize the 5 V&g
5 co e FOR
hypercoagulable state [18]. — & N7, e
¢ ENG) 15y

P16 s

In conclusion, majority of the haemostatic parameters analysed in the leukemic patients were Fn
HE. SEFRKATE
observed to be abnormal, with the PT, PTTIK, INR being V,éa\'? prolonged a}(d apid D-dimer /e
AND ! TWe
level elevate}i wpgfe the platelet count decreased below the normal level in most of the SENTENEES
subjects. These trends of results are characteristic of DIC and indicative of the condition as a
result of an impaired haemostatic activity in most of the leukemic subjects recruited in the
study. This study has therefore revealed strong evidence of possibility of DIC in individuals

suffering from various types of leukaemia condition (ALL, CLL) and CML) regardless of

their gender and treatment status.

It is therefore recommended that in the management of leukemic patients, disseminated-

Dlc

~Hatravaseular_coagulepathy should be carefully screened and monitorec/l/ in order to possibly

AwD

detect its occurrence at the onset/‘t@ promote adequate management of the-disorder. DIC
should also be monitored alongside the treatment and management of leukaemia patients as it

could be life-threatening.
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