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Abstract

Objective : The clinical attention of soluble fibrin (SF) as a coagulation marker is increasing. However, its
diagnostic role in coagulopathy during invasive abdominal surgery has not been examined. | evaluated the
clinical significance of SF in coagulopathy cased by highly invasive surgery.

Method : 44 highly invasive surgeries (segmental hepatectomy or more, 28 ; pancreaticoduodenec-
tomy, 9; and so on) were included. After excluding 7 patients who did not develop DIC through out the
course, 37 patients were classified into 2 groups : the SAC (n=16), and the DIC group (n=21).

Result : All patients in each group were diagnosed as SAC on POD1 and as DIC on POD?2 respectively.
Multivariate analyses revealed significant differences in SF and FDP for predicting DIC development (odds
ratio at 14.4 and 7.8). A prediction formula was then prepared based on the B value : P=1/[1+exp {—
(2.665XSF+2.049XFDP—1.309)}]1. According to the formula, Ps always showed above 0.7, if SF
was above the cut-off value regardless of FDP levels, indicating a high probability of predicting DIC. This
result showed SF being the stronger predictive factor for advancing DIC.

Conclusion : Operative stress can be quantified using SF on POD1, enabling more specific postoperative

coagulopathy management.
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Introduction

The outcomes of highly invasive surgeries, such as
major hepatectomy and pancreaticoduodenectomy, have
recently been improved with optimization of their indica-
tions for surgeries and improvement in the perioperative
management. Nevertheless, postoperative complications
could occur, some cases result in fatal. Postoperative
systematic inflammatory response syndrome (SIRS) is often
inevitable”, while less is known about SIRS-associated
coagulopathy (SAC)V.

The clinical use of soluble fibrin (SF) as a coagulation
marker is increasing”. SF is a polymer of fibrin mono-
mers that directly reflects clotting condition, but its role
during the perioperative period has not been examined
despite its use in diagnosing deep vein thrombosis® and
disseminated intravascular coagulopathy (DIC)?, as out-
lined in the diagnostic criteria of the Japanese Ministry of
Health, Labour and Welfare® .

Therefore, this clinical study examined the role of SF
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and other coagulation factors in coagulopathy caused by

highly invasive surgery.

Materials and Methods
Subjects

44 patients undergoing highly invasive surgeries con-
ducted in our department from April 2011 to April 2014
were evaluated : hepatectomy (segmental resection or more
severe cases, including biliary duct reconstruction) (23
cases), pancreaticoduodenectomy (9 cases), distal pancre-
atectomy (5 cases), hepatectomy for living-donor liver
transplantation (5 cases), and splenectomy (splenomegaly
portal hypertension) (2 cases).
Methods

The DIC score was calculated according to the diagnos-

tic criteria for acute DIC® ™%,

Peripheral venous blood
was drawn preoperatively and on postoperative days
(PODs) 1, 2, 3, 5, 7, and 10 to determine the SF level

(latex immune nephelometry ; normal level, <7 pg/mL),
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44 highly invasive surgeries conducted in our department from April
2012 to April 2014 were evaluated : hepatectomy (segmental resec-
tion or more severe cases, including biliary duct reconstruction) (23
cases), pancreaticoduodenectomy (9 cases) and so on.

After excluding 2 patients with splenectomy with postoperative DIC
scores of O points and 5 patients with donor hepatectomy who did
not develop to DIC, finally, 37 patients remained and were classi-
fied into 2 groups: the SAC group, in which SAC remained after
surgery, and the DIC group, which developed to DIC.

platelet count, fibrinogen degradation products (FDP),
prothrombin time (PT), and SIRS parameters (body tem-
perature, heart rate, respiration rate, and white blood cell
count). A SIRS score of 1 to 3 points was defined as
SAC, and a score of =4 points was defined as DIC.

After excluding 2 patients with splenectomy with post-
operative DIC scores of 0 points and 5 patients with donor
hepatectomy who did not develop DIC, 37 patients re-
mained and were classified into 2 groups: the SAC
group, in which SAC remained after surgery (n=16), and
the DIC group, which developed DIC afterward (n=21)
(Fig. 1).

Examination items

Examination 1 : Changes in SF and other markers over
time in the SAC and DIC groups

Examination 2 : Statistical examination of risk factors
in the DIC group using univariate and multivariate
analyses

For the statistical analysis, the t-test, chi-squared test,
receiver operating characteristic (ROC) analysis, and logis-
tic regression analysis were performed using the medical
statistical software EZR”, with significance defined as p
<0. 05.

This study was approved by the institutional Review

Board.

Result
Result 1

As shown by the changes in the DIC scores, all patients
were diagnosed with SAC on PODI1 and with DIC on
POD2 (Fig.2). On PODI, the SF level, FDP, platelet
count, and PT-international normalized ratio (INR) were
significantly higher in the DIC group than in the SAC
group (Fig. 3).

Result 2

There were no significant differences in the patient- or
surgery-related factors between the groups (Tablel ).
Univariate analysis of the vital signs, two inflammatory
markers, and four coagulofibrinolytic markers revealed
significant differences in the SF level, FDP, and PT-INR
between the two groups (Table 2 ).

Multivariate analysis with cut-off values based on the
ROC analysis of the three factors revealed significant
differences only in the SF level and FDP (Fig.4). The
SF level had the highest odds ratio at 14.4 (Table3).
A prediction formula was then prepared based on the [
value : P=1/[1+exp{— (2.665 X SF+ 2. 049 X FDP —
1.309)t 1.
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Fig. 2. The postoperative change of DIC score
As shown by the changes in the DIC scores, all patients were diagnosed with SAC on
POD1 and with DIC on POD2.
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Fig. 3. The postoperative change of coagulofibrinolytic markers

Postoperative changes of each coagulofibrinolytic parameter are shown in this figure,
blue zone is significant different between the DIC group (red line) and the SAC group
(blue line).

The SF level was significantly higher in the DIC group than in the SAC group on PODI.
Platelet count was significantly lower in the DIC group than in the SAC group on POD5
~POD7.

FDP was significantly higher in the DIC group than in the SAC group on POD1~POD
10.

PT-INR was significantly higher in the DIC group than in the SAC group on POD1~
POD2.
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Table 1 . Patient characteristics (n=237)
SAC Group{n=16) DIC Group{n=21) p-value
< Patient factor>
Gender{male/female) g/8 7/14 0.336
Age 63.8+£17.07 68.2+9.79 0.35
BMI 22.69+6.38 21.95+2.39 0.628
Tumor character
{malignant/benign} 12/4 19/2 0.149
Preoperative blood
examination
T-Bil{mg/dL} 0.87+1.00 0.72£0.28 0.501
Amylase (1U/L) 100.68 % 50.86 91.61+ 38.86 0.542
HbA1c(%) 572 £0.69 5.90 £0.81 0.482
ICGR15(%) 9.66 £ 6.68 15.71 £9.26 0.168
Alb{g/dL) 3.78 £ 0.46 3524041 0.0943
< Surgical factor >
Surgical treatment
{liver/pancreas) 7/9 16/5 0.0857
Operativetime{min) 460 +196 496+ 155 0.537
Intra-operative blood loss 702+ 608 958 + 1030 0.384
{(mD

Correletion of the background in two groups is shown in this table.
There were no significant differences in the patient-or surgery-related factors

between the groups.

Table 2. Univariate analysis of postoperative clinical findings on POD1
SAC Group{n=16) DICGroup{n=21) p-value
Vitalsign
BT{Bodytemparature) 37910456 37910437 0.885
HR{Heartrate) 97.13+794 10004+ 218 0.625
RR{Respiratory rate} 2893+11.42 34.33+9.19 0.125
Inflammatory response
WBC{(p/L 10268 + 3608 10223+ 3179 0.968
CRP {mg/dL) 5.70+5.36 5.27+2.80 0.751
Coagulationfactor
Pit (x10000/uL) 1451 £4.58 12.45%5.66 0.245
PT-INR 123 2017 135017 0.033
FOPCpg/mL) 10.45 *3.85 2228 1224 0.000704
SF (pg/mL) 1476+ 763 438312810 0.000299

Univariate analysis of the vital signs, two inflammatory markers, and four
coagulofibrinolytic markers on PODI revealed significant differences in the
SF level, FDP, and PT-INR between the two groups.

When using this formula, the values of SF, FDP should
be substituted as binary variables of 1 or 0, converted
from continuous values depending on their respective cut-
off values. A P>>0.7 indicates the prospective incidence
of DIC whereas P<<0.5 indicates SAC. We found the
incidence of DIC could be predicted using this formula
shown herein. When the binary value of the two signifi-
cant factors were substituted into the formula, P always
showed above 0.7, if SF was above the cut-off value
regardless of FDP, indicating a high probability of DIC.

On the other hand, P always showed under 0.5 if SF and
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FDP were lower than their cut-off value, indicating a high
probability of SAC (Fig.5).
based on the results of the predicitive probability demon-

The classification table

strated sensitivity, specificity, positive predictive value,
negative predictive value were 66. 7%, 93.8%, 93.3%,
68.1% (Table4 ). Moreover, the AUC value for the
results of the constructed formula obtained by the multi-
variate logistic regression analysis was 0.93. Thus, the
prediction we showed was accurate.

These results showed that the risk factors in the DIC
group were SF and FDP on PODI, with SF being the
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‘Cut-offvalue AUC Sensitivity  Specificity ql
SF 26.2 0.818 0.667 0.938 0.682-0.955
FDP 153 0.833 0.714 0.875 0.701-0.966
PT-INR| 1.26 0.737 0.714 0.750 0.558-0.915
SF FDP PT-INR
i i f
Fig. 4. ROC analysis for prediction of DIC
ROC analysis of the three factors (SF, FDP and PT-INR) revealed
FDP had the highest AUC at 0. 833 and the SF had 0. 818.
Table 3. Multivariate logistic regression analysis and prediction formula
B p-value Odds ratio cl
SF 2.67 0.0263 14.4 1.37-151
FDP 2.05 0.0403 7.76 1.10-55
Constant | -1.31 0.0228 0.27

=>Predicted probability is calculated by the following formula

P=1/[1+exp{-(2.665xSF + 2.049<FDP-1.309) } ]

Based on the ROC analysis of the three factors, multivariate analysis with cut
-off values revealed significant differences only in the SF level and FDP.
And, the SF level had the highest odds ratio at 14. 4.

Based on the results of the logistic regression analysis, the predicted probabil-
ity is calculated by the following formula: P=1/[1+exp {— (2. 665 % SF +

2. 049X FDP — 1. 309)} 1.

stronger risk factor.
Discussion

It is thought that inflammatory cytokines cause a series
of excessive systematic responses'” and that SIRS triggers
a hypercoagulable condition (SAC)Y. The more invasive
surgery, the more frequently coagulofibrinolytic abnor-
malities induce the progression of SAC to DIC'V.

This study has three main findings. First, postopera-

tive SAC occurred in 95% of patients who underwent

FRREF Vol.35

highly invasive surgeries, and the fact that a half of the
patients developed DIC on PODZ demonstrates the signifi-
cantly high occurrence of coagulopathy after highly inva-
sive surgery. Interestingly, in the operations performed,
although DIC was most frequent in patients who under-
went hepatectomy for removing tumors, including subseg-
mental resection, DIC did not occur in patients who un-
derwent hepatectomy for living-donor liver transplantation,

which involves essentially the same technique and amount

No.4 2016
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| SF level > 26.2pg/mion Pom]

No

FDP>15.3ug/ml onPOD1 |

Yes

| FDP> 15.3ug/ml onPOD1 |

No Yes No / \es
Sensitivity 1.00 Sensitivity 0.857 |Sensitivity 0.714 Sensitivity 0.619
Specificity 0.00 Specificity 0.875 |Specificity 0.937 Specificity 1.00
PPV X PPV 0.872 |PPV 0.919 PPV 1.00
NPV 0.00 NPV 0953 |NPV 0.766 NPV 0.724

rir
Probability 0.212 Probability 0.6# Probability 0.799™ Probability 0.970
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Probability:
P=1/[1+exp{-(2.665%SF + 2.04GxFDP-1.309) } ]
% :P>0.5; high probable
Tx¥%: P20.7; very high probable

Fig. 5. The prediction chart for occurrence of DIC by constructed formula
When the binary values of two predictors were substained into the formula, P always
showed above 0. 7 if SF was above their cut-off value regardless of FDP, indicating a
high probability of DIC.
On the other hand, P always showed under 0.5 if SF and FDP were lower than their
cut-off values, indicating a high probability of SAC.

Table 4. Screening accuracy and predictive power of prediction formula

Observed Predicted
SAC Group DIC Group

SAC Group{n=16) 15 1
DIC Group{n=21) 7 14

Sensitivity 66.7%

Specificity 938%

PPV 93.3%

NPV 68.1%

NPV: negative predictivevalue
PPV: positive predictive value
The classification table based on the results of the predicitive probability

demonstrated sensitivity, specificity, positive predictive value, negative pre-
dictive value were 66. 7%, 93.8%, 93.3%, 68.1%.

of resection (data not shown). This finding suggests that patient factors, such as injured versus normal livers ; fur-

even the same operative method has significantly different ther consideration of this point is required.
effects on the coagulofibrinolytic system. The difference Second, SF and FDP appear to predict postoperative

in invasiveness might have been affected by differences in DIC after the highly invasive surgery, especially SF. He-
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matologically, FDP is a fibrinolysis marker while SF is a
coagulation marker, reflecting early intravascular hyperco-
agulation before thrombi formation.

Third, operative stress can be quantified using the SF
levels on PODI, enabling us to do more specific pe-
rioperative managements from the perspective of postop-
erative coagulopathy changes. Figure 6 shows a potential
chart for initiating treatments of coagulopathy at the time
of SAC after highly invasive surgery. According to the
chart, it is suspected that DIC would occur with a high
probability if SF being above the cut-off value regardless
of FDP levels. Therefore, we believe that it is useful to
treat SAC earlier using of ulinastatin'®, protease inhibitor

19 However, there is no

and sivelestat sodium hydrate
evidence of improvements in survival with treatment-
induced improvement in the DIC score, unlike the effect
of AT-I' and recombinant human soluble thrombo-
modulin' to septic DIC. Prospective clinical trials of

these agents are required to perform in the future.

Summary

SF as a coagulation marker can predict postoperative
DIC cased by highly invasive surgeries. Operative stress
can be quantified using the SF levels on PODI, enabling
us to do more specific perioperative managements from

the perspective of postoperative coagulopathy changes.
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Is the SF level abovethe cut-off value
regardlessof FDPon POD1 7

SF>26.2ug/ml
No Yes
Sensitivity 0.667
Specificity 0.938
Remain SAC DeveloptoDIC | PPV 0.933
NPV 0.681

Ulinastatin

Protease inhibitor

’ ‘ Probability >0.70

Treatment of DIC
AT-TI
rhTMm

Fig. 6. A potential management chart for postoperative coagulopathy

after highly invasive surgery

I propose a chart of for initiating treatment of postoperative coagulo-
pathy at the SAC after highly invasive surgeries.

According to the chart, it is suspected that DIC would occur with a
high probability if SF being above the cut-off value regardless of

FDP levels.

Therefore, the early use of Ulinastatin, Protease inhibitor and/or
rhTM, AT-II can be recommended in such cases.

BREF Vol.35 No.4 2016



SFE can predict postoperative coagulopathy caused by highly invasive surgery 195

References

1.

Ogura H, Gando S, Iba T et al: SIRS -associated coagu-
lopathy and organ dysfunction in critically ill patients with

thrombocytopenia. Shock 2007 ; 28: 411-7.

. Nakahara K : Measurement of soluble fibrin monomer-

fibrinogen complex in plasmas derived from patients with
various underlying clinical situation. Thromb Haemost

2003 ; 89: 832—6.

. Niimi R, Hasegawa M, Sudoh Y et al: Usefulness of a

soluble fibrin monomer complex (SFMC) and a D-dimer
assay for screening of deep vein thrombosis following
total hip arthroplasty. Hip Joint 2006 ; 32: 667 —72.

. Wada H, Wakita Y : Increased plasma-soluble fibrin

monomer levels in patients with disseminated intravascular

coagulation. Am J Hematol 1996 ; 51 : 255—60.

. Oda S, Aibiki M, Ikeda T et al : The Japanese Society of

Intensive Care Medicine, Sepsis Registry Committee :
The Japanese Guidelines for the management of sepsis.
Journal of Intensive Care Medicine 2013 ; 20: 124 —73.

. Gando S: Diagnosis and management of disseminated

intravascular coagulation in critically ill patients. Journal
of the Japanese Society on Thrombosis and Hemostasis

2008; 19: 353-7.

. Kobayashi N, Mackawa T, Takada M : Criteria for diag-

nosis of DIC based on the analysis of clinical and
laboratory findings in 345 DIC patients collected by the
Research Committee on DIC in Japan. Bibl Haematol

1983 ; 49: 265—75.

. Maruyama M, Sakata Y, Wada H et al: The Japanese

Society on Thrombosis and Haemostasis DIC study
Group : Expert consensus based on the evidence for the
treatment of disseminated intravascular coagulation due to
infection intravascular. Journal of the Japanese Society

on Thrombosis and Hemostasis 2009 ; 20: 77 —113.

10.

11.

12.

13.

14.

15.

. Kanda Y : Investigation of the freely available easy-to-use

software ‘EZR’ for medical statistics. Bone Marrow
Transplantation 2013 ; 48: 452—8.

Gando S, Iba T, Eguchi Y et al : Japanese association for
acute medicine Disseminated Intravascular Coagulation
(JAAM DIC) Study Group: A multicenter prospective
validation of DIC diagnostic criteria for critically ill
patients : comparing current criteria. Critical Care Medi-
cine 2006 ; 34 : 625-31.

Gando S, Saitoh D, Ogura H et al : Japanese association
for acute medicine Disseminated Intravascular Coagulation
(JAAM DIC) Study Group : Natural history of dissemi-
nated intravascular coagulation diagnosed based on the
Newly established diagnostic criteria for critically ill pa-
tients : results of Multicenter, prospective survey. Criti-
cal Care Medicine 2008 ; 36 : 145—50.

Inoue K, Takano H: Ulinary trypsin inhibitor as a thera-
peutic option for endotoxin-related inflammatory disorders.
Expert Opin Investig Drugs 2010; 19: 513 —20.
Henriksen PA : The potential of neutrophil elastase inhibi-
tors as anti-inflammatory therapies.
2014 ; 21: 23-8.

Gando S, Saitoh D, Ishikura H et al : Japanese Associa-

Curr Opin Hematol

tion for Acute Medicine Disseminated Intravascular Co-
agulation (JAAM DIC) Study Group : Effect of AT-1I to
septic DIC diagnosed by JAAM DIC diagnostic criteria.
Journal of Japanese Association for Acute Medicine
2013; 24: 105—15.

Saito H, Maruyama I, Shimazaki S et al: Efficacy and
safety of recombinant human soluble thrombomodulin
(ART-123) in disseminated intravascular coagulation :
results of a phaselllrandomized, double-blind clinical trial.

J Thromb Haemost 2007 ; 5: 31 —41.

BRES

Vol.35 No.4 2016



196 SF can predict postoperative coagulopathy caused by highly invasive surgery

APRKREREFHNEREREICHTD
A% 707) 2T/ Vv— (SF) OERKRHERM

ki Al

BRRFAZRATERE - FLRAMZ

E B

Br EE, Aa T T E/Y— (Soluble Fibrin; SF) MBEY—H—& L TOBERNERMENBRES
NZDFEAEEAEML TODH AR KBEFMMRICH ITDZORANERICE T DBIFIIRELZINTNAE
. SEYMCBITIANABEFMMENEZWRIC, HRBEREICSITDSFOBERNESAESTLT.

7% MABIOARIKBEEFM (REHIFRIA_EDBFIFR28HB, IR+ 5B IBR O f/4 &) Z XI5k & Lretrospective
R &7 Do, MiBRBHDICICES BN D 7T AIZRS3THIZ, fii#&SIRSEEREER (SIRS associated Co-
agulopathy ; SAC) (C&EEFD7/=16FIEDICICETE D216 2 BECEN W (F1F7=.

BRMBRETOEENMEZ 1 HBICSACICEY, DICBTEIIMZ2HBIIDICARITLE. SZEMTODE
R, it 1 HEDSFEFDPD 2 AFHDICHTEHOGBREFE L CEREZRD (F Y Xtkl4.4, 7.8). 22T
BEZAWTCTFRHXNZEZER L (P=1/[1+exp {—(2.665XSF+2.049XFDP—1.309)}]. COFHNXEZRID
&, DICOHEREZRIT, FOPOEICA ML OISR N Y M TEMUETHNITEIC). T2BZTHY, ZOHBREM
SDICREDFRRATIIME 1 HEDSFEFDPTH Y, HICSFAREMNTFART THDEREMA RSN,

w2 1 HEOSHEICK D FiDREEZIEREL, MBROREEEZRBICFATLIIENTETHY, 2
NICKWBRERICHERLUIZLY SHMA VTR EIEN TEEICEDUREELNHD.

Key Words : B’&% 71 71 >E/¥— (SF), BEMOENREERS (DIC), REESNRFi

BREF Vol.35 No.4 2016



