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therapy, radiotherapy, proton beam radiotherapy, and/or
hyperthermia were performed. Thus, multidisciplinary ireat-
ment may promote long-term survival in these patients.

The patients in this study had a history of prolonged
exposure to chlorinated organic solvent including DCM and
DCP. Such chlorinated organic solvents might have played
an important role in the development of cholangio-
carcinoma. The current study indicates that chlorinated
organic solvent-related cholangiocarcinoma developed in
workers at several printing companies in Japan in addition to
the prototype cases in Osaka [2]. Therefore, occupational
cholangiocarcinoma is not limited to a single printing
company in Osaka. The previous and current studies have
demonstrated that a portion of cholangiocarcinoma cases
appear to be caused by chemical exposure. As previously
reported, it is necessary to monitor workers who are exposed
to chlorinated organic solvents, and regular health examina-
tions may contribute to early detection of occupational
cholangiocarcinoma. Further analyses with larger sample
sizes are necessary to clarify the mechanism by which occu-
pational cholangiocarcinoma can arise.
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Backgrounds: Enoxaparin, low-molecular-weight heparin, has become a routine thromboprophylaxis in general
surgery.

Study design: A retrospective cohort study was performed in 281 patients who underwent hepatic resections for
tiver cancers from 2011 to 2013, These patients were divided into two groups; an enoxaparin {-) group (n = 228)
and an enoxaparin () group (n = 53). Short-term surgical results including venous thromboembolism (VTE)
and portal vein thrombosis (PVT) were compared.

Results: In the enoxaparin {+) group, the patients’ age (65 vs. 69 years; p = 0.01) and BMI (22.9 vs. 24.4;
p < 0.01) were significantly higher. According to the symptomatic VTE, symptomatic pulmonary embolism
accurred in one patient {0.4%) in the enoxaparin (~) group, but the complication rate was not significantly differ-
ent (p = 0.63). The complication rate of PVT was significantly lower in the enoxaparin (+) group (10vs. 2%, p =
0.04). The independent risk factors for PVT were an operation time 2 300 minutes {Odds ratio 6.66) and non-
treatment with enoxaparin (Odds ratio 2.49).

Conclusions: Postoperative anticoagulant therapy with enoxaparin could prevent PVT in patients who underwent

Keywaords:

Enoxaparin

Portal vein thrombosis
Hepatic resection
Liver cancer

hepatic resection for liver cancers.

Introduction

Venous thromboembolism (VTE) represented by pulmonary embo-
lism (PE) or deep venous thrombosis (DVT) is a significant cause of
morbidity and mortality in patients undergoing gastrointestinal surgery
for malignancy, and pharmacologic prophylaxis is important [1,2]. One
of the major cautions regarding pharmacologic prophylaxis is the risk
of major bleeding complication, but a recent systemic review reported
that bleeding requiring a change of care occurs in less than 3% of
cases [3]. It is well known that several hemostatic alternations are
present in patients with liver disease; primary hemostasis is often
impaired due to thrombocytopenia and secondary hemostasis can be
hampered by the reduced synthesis of coagulation factors [4].

Meta-analysis of the use of low-molecular-weight heparin (LMWH)
such as enoxaparin in the prevention of venous thromboembolism in
general surgery clearly demonstrates that LMWH is associated with
lower rates of VTE than elastic compression without compromising
patient safety, and similar safety and efficacy in preventing VTE to

* Corresponding author. Tel.: +81 92 642 5469; fax: -+ 81 92 642 5482,
E-mait address: i 2.med.kyushu-wacjp (Y. ita}.

hetp:i/dx.doiorg/10.1016/.thromres.2014.07.038
0049-3848/© 2014 Elsevier Ltd. Al rights reserved.

© 2014 Elsevier Ltd. All rights reserved.

unfractionated heparin (UFH) [5]. In Japan, two randomized studies
demonstrated that 20 mg enoxaparin taken twice daily has a good safe-
ty profile and is effective for the prevention of VTE in patients undergo-
ing total hip and knee replacement [6] and abdominal or pelvic cancer
surgery [7].

MWH has potential advantageous properties such as two-fold or
three-fold longer plasma half-life when compared with commercially
available UFH at therapeutic doses, and a 90-95% bioavailability follow-
ing subcutaneous administration [8). These advantageous properties of
LMWH obviate the need for serum concentration monitoring and
enable single or double daily dosing [8]. LMWH also showed decreased
interaction with platelets, and a significantly lower complication rate
(0/333 patients) of heparin-induced thrombocytopenia (HIT) than
UFH (9/332 patients) (0 vs. 2.7%; p = 0.0018) [9].

Another possible agents for postoperative anticoagulation therapy
against VTE is the synthetic factor Xa inhibitor fondaparinux: a random-
ized clinical trial reported that postoperative fondaparinux (4.6% for
VTE) was at least as effective as LMWH (6.1% for VTE) in patients under-
going high-risk abdominal surgery {10]. For prevention against hemor-
rhagic complications after liver surgery under anticoagulant therapy,
we prefer enoxaparin because it has a neutralizer such as protamine.
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Portal vein thrombosis (PVT) is a potentially life-threatening com-
plication that occurs after hepatebiliary pancreatic surgery [11,12] The-
oreticaily, splanchnic vein thrombosis such as PVT cannot be prevented
by mechanical prophylaxis by elastic compression leg stockings and/or
intermittent pneumatic compression (IPC). PVT was reported to occur
in 12 of 22 (55%) patients who underwent laparoscopic splenectomy
[13]. Recently, we reported postoperative PVT after hepatic resection
occurred in 19 of 208 patients {9.1%), and closely related to delayed
recovery of liver function and delayed liver regeneration [14}. Therefore,
making an accurate diagnosis and rapidly initiating treatment for PVT
are indispensable. However, there are no detailed reports about prophy-
laxis against PVT after hepatic resection. Accurate anticoagulation drug
therapy could prevent PVT after hepatic resection.

We herein report a series of consecutive patients who underwent
hepatic resection for liver cancers with or without postoperative
enoxaparin administration, We examined the clinical efficacy of
enoxaparin for prevention of VTE and PVT.

Methods
Patients

During the 3 years from 2011 through 2013, 287 hepatic resec-
tions for liver cancers were performed at the Department of Surgery
and Science, Graduate School of Medical Sciences, Kyushu Universi-
ty. Six patients were excluded from this study, 3 because they had
low platelet counts < 10 x 10%/l, 2 because they had low preopera-
tive % prothrombin time (PT) < 70%, and one who received peri-
operative UFH for strict anticoagulant therapy because of a mechan-
ical cardiac valve. Therefore, 281 patients were included in this study
of the clinical efficacy of anticoagulant therapy with enoxaparin. The
pathological diagnoses for liver tumors of patients in this series were
as follows: 181 hepatocellular carcinoma (HCC}, 25 intrahepatic
cholangiocarcinomas (ICC), 2 cystadenocarcinoma, 1 sarcoma, and
72 metastatic liver cancers (59 colorectal liver metastasis). All
patients undergoing hepatic resection had an Eastern Cooperative
Oncology Group Performance status of 0-2.

Perioperative mechanical thromboprophylaxis by eldstic compres-
sion legs stockings and IPC were applied to all patients, From 2011 to
2012, an anticoagulant drug was administered according to the judg-
ment of each patient’s physician in charge. From April 2013 on, patients
were routinely administered enoxaparin. All 281 patients were divided
into 2 groups the enoxaparin (-) group {n = 228), which also had no
anticoagulant drug such as UFH or fondaparinux, and the enoxaparin
(<) group (n = 53).

Surgical Techniques and Peri-operative Management

Details of our surgical techniques and patient selection criteria for
hepatic resection against HCC, 1CC, and CRM have been reported previ-
ously [15-17]. The key factor concerning the indication for hepatic re-
section is “remnant liver function” to avoid the fatal postoperative
liver failure, and patients with an indocyanine green dye retention
rate at 15 minutes (ICGR-15) < 40% were selected for hepatic resection
[15]. To stabilize the coagulation and fibrinolysis in hepatic resection,
200 mg nafamostat mesilate was given daily, both during and up to
2 days after operation {18}, and preoperative steroid (500 mg
methylpredonisolone) administration was routinely performed [19].
Intravenous antibiotics for surgical prophylaxis were also given for
2 days after operation.

In almost all hepatic resections, intermittent Pringle’s maneuvers,
consisting of clamping the portal triad for 15 minutes and then releas-
ing the clamp for 5-minute intervals, or hemivascular occlusions [20]
were applied intraoperatively. The CUSA system {Valley Lab, Boulder,
CO, USA) has been used with addition of a VIO soft-coagulation system
(ERBE Elektromedizin, Tibingen, Germany) [21]. Hepatic venous

backflow control {22}, which was typically achieved extrahepaticaily
before dividing the liver, and Belghiti's hanging maneuver [23], where
a tape was introduced behind the caudate lobe through the groove be-
tween the right and middle hepatic vein, were performed as necessary,
especially in major hepatic resection. An intraoperative bile leakage test
was routinely performed to prevent the postoperative bile leakage [24).
Laparoscopic hepatic resections in the semiprone position were applied
to 37 patients in this series [25]. In patients with open hepatic resections
(n= 219),an epidural catheter was inserted until the 2" postoperative
day; those with laparoscopic hepatic resection {n = 62} did not receive
an epidural catheter and were not administered nafamostat mesilate
perioperatively.

Evaluations of Morbidity Including PVT

Morbidity was evaluated by Clavien’s classification of surgical com-
plications, and those with a score of Grade 1 or more were defined as
positive [26]. Postoperative liver failure and bile leakage after fiver sur-
gery were evaluated according to the definitions of International Study
Group of Liver Surgery [27,28].

At 5-7 days after hepatic resection, enhanced abdominal computed
tomography (CT) was routinely performed for each patient to check
for intra-abdominal problems such as an abscess around the resected
stump or abnormality of hepatic blood flow. Postoperative PVT was
evaluated using this enhanced abdominal CT [14].

Details of Postoperative Administration of Enoxaparin

The schedule of postoperative administration of enoxaparin is sum-
marized in Fig. 1. To prevent hemorrhagic complications, subcutaneous
injections of enoxaparin 20 mg were applied twice daily after the ¥ PT
had recovered to over 70%. Patients without an epidural catheter were
given the 1°* dose of enoxaparin within 24-36 hours after hepatic resec-
tion {6,7). To prevent spinal epidural hematoma related to the decrease
of anticoagulant proteins just after hepatic resection or the coexistence
of liver cirrhosis, patients with epidural anesthesia were given their 1™
dose of enoxaparin 12 hours after the removal of the epidural catheter.
Twice-daily administration of enoxaparin was continued until discharge
for at most 14 consecutive days [6,7,29].

Statistical Analysis

We compared the background characteristics, surgical outcomes,
tumor-related factors, and short-term surgical results including symp-
tomatic PE, symptomatic DVT, hemorrhagic complications, and postop-
erative PVT between the patients in the encxaparin (+) and the
enoxaparin (-) groups, Risk factors for postoperative PVT were analyzed
in this series. Continuous variables are expressed as means =+ SD and
were compared using the Student's t-test. Categorical variables were
compared using either the y? test or Fisher's exact test, as appropriate.
Variables at a P value of less than 0.15 on univariate analysis of risk fac-
tors for postoperative PVT were subjected to stepwise logistic regres-
sion analysis to identify the independent risk factors. All statistical
analyses were performed with JMP® Pro 9.0.2 (SAS Institute Inc,, Cary,
NC). P-values less than 0.05 were considered significant.

Results

Comparisons of Patients’ Background Characteristics, Surgical Qutcomes,
and Tumor-related Factors

The comparison of the patients’ background characteristics, surgical
outcomes, and tumor-related factors is shown in Table 1. The mean age
(65 vs. 69 years; p = 0.01) and the mean Body Mass Index {BMI} (22,9
vs. 24.4; p < 0.01) were significantly higher in the enoxaparin (+)
group. The ratio of females was higher in the enoxaparin (+) group
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Protocol of Administration of Enoxaparin

Patients without epidural catheter

[omaon] 52555 "0 @ 44 44 b b4 by

9 am./9 p.m.

Day 1

Patients with epidural catheter

Day 7

9 am./9 pm.

Removal of

Epidural anesthesia

l Qperation l

catheter

Nafamostat Mesilate
200 mg/day

Fig. 1. The schedule of p of

in {20 mg twice daily} is summarized. Patients without epidural catheter received their first dose of enoxaparin within 24-

36 hours after hepatic resection. Patients with epidural anesthesia recejved their first dose of enoxaparin §2 hours after the removal of the epidural catheter. The administration of

enoxaparin was continued until discharge for at most 14 consecutive days,

(13 vs. 40%), but the difference in ratio was not statistically significant
(p = 0.06). There was no significant difference in any of the surgical
outcomes or tumor-related factors between the two groups. The rates
of the existence of histrogical cirrhosis were relatively high in both
groups (34 vs. 23%; p = 0.29).

Comparisons of Short-term Surgical Outcomes
A comparison of short-term surgical outcomes is summarized in

Table 2. There was no significant difference in mortality (0 vs. 0%;
p == 0.99), entire morbidity rate {23 vs. 30%; p = 0.29), and the mean

Table 1
Background characteristics, surgical outcomes, tumor-refated factors,
Variables Enoxaparin {~)  Enoxaparin (+}  p-Value
{(n = 228) (n = 53)

Back ground characteristics
Age 65 = 12 69 + 10 0.0t
Male/Female 169,29 3221 0.06
BMI 229 & 31 244 £ 4 <0.01
DM (%} AN 9{17%) 037
Total bilirubin {mgsdL} 08 4 04 08+ 03 0.90
Albumin (%) 4005 40+ 05 0.94
ICG R15 (%) 139 4 89 134 4 78 0.72
Child-Pugh; A/B 2211 53/0 027
Liver Damage: A/B 176/52 42:11 0.81
Pit (x 167741} 164 = 6.5 167 £ 5.1 .69
Histological cirrhosis: yesfno  77/151 12/41 0.29

Surgical outcomes
Surgical time (min) 350 % 146 343 & 151 0.74
Surgical blood loss {g} 576 + 645 593 + 800 0.87
Transfusion (%) 31 (14%) 4(8%) 0.23
Major hepatectmy : yes/no 41181 10/43 083
Liver ischemic time (mm) 46 = 44 41 % 33 0.45
Laparoscopic procedure (%) 49 (21%) 13 (25%) 0.63

Tumar-related factors
Tumor size (cm} 35+ 30 33423 0.73
Number of tumors 19+ 15 16+ 16 035
stage il or IV (%) 95 (45%) 25 (50%) 0.54

Abbreviations:
DM; Diabets Melitus, ICG R15: indocyanine green retention rate at 15 minutes,

duration of the hospital stay (17 vs. 16 days; p = 0.67) between the
two groups. Symptomatic PE occurred in one patient in the enoxaparin
(~) group (0.4%), but the difference of complication rate was not statis-
tically significant (p = 0.63). This patient was immediately treated with
UFH, and the thrombus in the pulmonary artery disappeared 7 days
after UFH treatment. This patient was discharged 25 days after opera-
tion with warfarin medication. No patient was complicated by symp-
tomatic DVT in either group. Hemorrhagic complication occurred in
one patient in the enoxaparin (-) group {0.4%), and surgical hemostasis
with laparotomy was performed. Hemorrhagic complication also
occurred in one patient in the enoxaparin {+) group (1.9%). This patient
was complicated with a minor hemorrhage from the wound of the sur-
gical drain, and this hemorrhage was immediately stopped by surgical
suture under local anesthesia after discontinuance of enoxaparin. The
difference in the rate of hemorrhagic complication was not statistically
significant {p = 0.79). No patients were complicated with HIT in the
enoxaparin {+) group.

The complication rate of PVT was significantly higher in the
enoxaparin (-} group than that in the enoxaparin (+) group (10 vs.
2%; p = 0.04). Of course, preoperative abdominal CT confirmed that

Table 2
Short-term surgical results.

Variables Enoxaparin {-) Enoxaparin (4] p-value
{n = 228} {n == 53)

Mortality (%) 0(0%) 0(0%) 0.99

Morbidity® (%) 53{23%) 16 (30%) 0.29
Symptomatic PE (%) 1(04%) 0{0%, 0.63
Symptematic DVT (%) 0{0%) 0 {0%) 0.99
Hemorrhagic complication {%) 1(0.4%) 1{1.9%) 0.79
Bile leakage* (% 8 (4%) 5{10%) 0.08
Posthepatectomy liver failure™ (%) 50 (22%) 8 {16%} 031
PVT (%) 23 (10%) 1(2%) 0.04

Duration of hospital stay {days) 17£15 16+16 0.67

Abbreviations: PE: pulmonary embolism, DVT: deep vein thrombesis. PVT: portal vein
thrombosis.

* Morhidity: Clavien-Dindo Grade 1f or more.

* Bile leakage and posthepatectomy fiver failure: Defined by International Study Group of
Liver Surgery.
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there was no PVT in all patients. The typical cases of postoperative PVT
are shown in Fig. 2. In the case shown in Fig. 2A, a partial thrombus of
portal vein at the umbilical portion was found after anterior
segmentectomy for HCC without the administration of enoxaparin. In
the case shown in Fig. 2B, a partial thrombus of the portal vein at the
main trunk was found after right lobectomy for HCC without the admin-
istration of enoxaparin. Both patients were immediately treated by UFH,
and the medication was changed to warfarin after the confirming by
enhanced abdominal CT that the PVT had not propagated around 7-
14 days after treatment. The PVT disappeared in both patients at
enhanced abdominal CT 3 months after operation, at which point
warfarin administration was stopped.

Risk Factors for Postoperative PVT

A comparison between the PVT (-) group (n = 257) and the PVT
(+) group (n = 24) in terms of patients’ background, surgical out-
comes, tumor-related factors, and other factors is summarized in
Table 3. There were no significant differences in patients’ background
characteristics between the two groups. The mean age was slightly
higher in the PVT (+) group than that in the PVT (-} group (66 vs.
67 years), but not significantly (p = 0.16). Concerning the surgical out-
comes, the mean surgical time was significantly longer in the PVT (+)
group than in the PVT (-) group (342 vs. 421 minutes; p = 0.01). The
mean liver ischemic time was longer in the PVT (+) group than in the
PVT (-} group, but not significantly (43 vs. 65 minutes: p = 0.06).
Concerning tumor-related factors, HCC-paositive rate was significant-
ly higher in the PVT (+) group than in the PVT (-) group (62 vs. 88%;
p = 0.04). The ratio of patients receiving enoxaparin was signifi-
cantly lower in the PVT (4} group than in the PVT (-) group (20 vs.
4%; p = 0.03).

Independent Risk Factor for Postoperative PVT

The results of the stepwise logistic regression analysis are summa-
rized in Table 4. Surgical time > 360 minutes (odds ratio 6.66,
p < 0.01) and non-treatment with enoxaparin {(odds ratio 2.49, p =
0.03) were revealed to be independent risk factors for postoperative
PVT in our series.

Table 3
Risk factors for postoperative PVT.

Variables PVT {-)(n = 257} PVT(+)}(n = 24) p-Value

Back ground characteristics

Age 66 = 12 67 £ 11 0.16
Male/Female 185/72 16/8 0.45
BMI 232233 232+ 36 053
DM (%) 53(21%) 3(13%) 0.37
Total bilirubin {mg/dL) 040
Albumin {¥} . 088
ICC R15 (%) 139 = 88 . 0.64
Child-Pugh: A/B 256/1 240 0.88
Liver Damage: A/B 197/60 2074 048
Pit {x 10*/7i1) 164 £ 63 171 £ 53 0.52
Histological cirrhosis: yes/no  78/179 1113 0.21
Surgical outcomes
. Surgical time {min) 342 = 146 421 & 137 0.01
Surgical blood loss {g} 581 = 693 599 + 484 0.32
Transfusion (%) 29(113) 6 (25%) 0.16
Major hepatectmy : yes/no 457212 618 046
Liver ischemic time {mm) 43 = 41 65 = 56 0.06
Laparascopic pracedure (X} 59 (23%) 3013%) Q32
Tumor-related factors
Tumor size {cm) 35 =30 3725 028
Number of tumors 19 = 18 16 =10 0.40
HCC{+} (%) 160 (62%) 21(88%) 0.04
Other factor
Enoxaparin (+) (%) 52 (20%) 1(4%) 0.03

Abbreviations:
PVT; Portal vein thrombosis. DM: Diabetis Melitus, [CG R15; indocyanine green retention
rate at 15 minutes.

Discussion

With regard to VIE chemoprophylaxis, surgeons have always need-
ed to balance the risk of peri-operative bleeding complications against
the risk of VTE. Liver surgeons have historically withheld peri-
operative VTE chemoprophylaxis mainly as a result of the perceived
risk of perioperative bleeding, with the hypothesis that transient liver
dysfunction after a hepatic resection produces anticoagulation effects.
We previously reported that recent advances in surgical techniques in
liver surgery accounted for a decrease in the peri-operative bleeding
complication rate to as low as 1% [30]. Tzeng CW et al reported that
30-day VTE occurred 163 of 5651 patients (2.9%) with hepatic resection,
and was strongly associated with mortality [31]. Therefore, recent years

Fig. 2. Typical cases of postoperarive PVT after hepatic resection. In Fig. 2A, a partial thrombus of portal vein ar the umbilical portion was found after anterior segmentectomy for HCC with-
out the administration of enoxaparin. [n Fig. 2B, a partial thrombus of the partal vein at the main trunk was found after right lobectamy far HCC without the administration of enoxaparin.
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Tabled

independent risk factors for PVT,
Variables Coefficient/SE Odds ratio p-value
Surgical time = 360 min. 258 8.66 =0.01
Enoxaparin {-} 1.58 249 0.03
HOC{+) 1.32 1.68 0.26
Liver ischemic time 2 45 min, 0.73 135 0.57

have seen a keen interest in chemoprophylaxis as a possible method of
reducing postoperative VTE without increasing the risk of bleeding
complications in liver surgery.

According to the clinical results of efficacies and risks in Japanese
patients {6.7), enoxaparin 20 mg twice daily is the standard regimen
for VTE chemoprophylaxis after surgery under the national health in-
surance in Japan, We applied this regimen for patients who underwent
hepatic resections as described in Fig. 1. To minimize the risk of spinal
epidural hematoma, we did not concomitantly administrate enoxaparin
to patients with epidural anesthesia. VTE and PVT formation would start
during operation, however, it is important to start anticoagulant drugs
as early as possible, According to the recommendation of Rosencher
et al, the removal of the epidural catheter should be over “X + 2Y"
hours (X; Tmax, Y; t1/2) after the last application of anticoagulant
drugs, and the next application of anticoagulant drugs should be over
“8-Tmax" hours later [32]. Concerning the enoxaparin, Tmax is
2.3 hours, t172 is 3.2 hours, X + 2Y = 8.7 houss, and 8-X = 5.7 hours
{33]. This recommendation should be useful to enable earlier adminis-
tration of enoxaparin during epidural anesthesia in patients who under-
go hepatic resections.

To minimize the risk of bleeding complication, we administered
enoxaparin to patients with %PT = 70%. The prolongation of PT demon-
strates the decrease of procoagulant proteins, however, cirrhotic
patients with low %PT sometimes develop arterial, portal or venous
thrombosis which is partly attributed to hypercoagulation [34}. In addi-
tion, increasing clinical evidence suggests that the prolonged PT should
not be a reason to withhold anticoagulation in patients with cirrhosis or
after hepatic resection [35-40]. Despite a postoperative prolongation of
the PT, a thrombotic risk in patients after hepatic resection would exist
hecause of a concomitant decline in pro- and anticoagulants which is

In our series, the independent risk factors for PVT after hepatic resection
were surgical time = 360 minutes {odds ratio 6.66, p < 0.01) and non-
treatment with enoxaparin (odds ratio 2.49, p = 0.03). The possible
causes for the formation of postoperative PVT are stasis of blood flow
in portal vein, a hypercoaguable state, and endothelial injury. The signif-
icantly longer surgical time in PVT (+) patients would relate to longer
liver ischemic time, longer venous stasis time caused by mobilization
of liver, and longer and more frequent tractions of the portal vein.
These procedures cause stasis of blood flow in the portal vein or endo-
thelial injury of the portal vein. Patients with HCC and cirrhosis are
more likely to be in a hypercoagulable state compared to those with
other disease entities. Several reports have already mentioned the safe-
ty and efficacy of LMWH including enoxaparin for PVT in patients with
advanced cirrhosis [43-45), and our new finding of the preventive effect
of enoxaparin for postoperative PVT after hepatic resection would sup-
port the usefulness of enoxaparin for treatment against PVT.

In conclusion, postoperative anticoagulant therapy with enoxaparin
20 mg twice daily could prevent postoperative PVT in patients undergo-
ing hepatic resection for liver cancers without increase of bleeding
complication. The inclusion/exclusion criteria, and the protocol of ad-
ministering enoxaparin, especially for patients with epidural anesthesia,
should be further investigated to achieve the best efficacy of enoxaparin
as a prophylactic measure against postoperative VTE in patients who
have undergone hepatic resection,
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CHRONIC LIVER DISEASE (CLD) is a major worldwide
public health problem, and the incidence of CLD is
expected to increase due to the aging of the population
in many countries and the growing epidemics of obe-
sity, nonalcoholic fatty liver disease or steatohepatitis,
alcoholic liver disease, and chronic viral hepalitis (1,2).
The progression of liver fibrosis worsens the symptoms
related to liver malfunctions {such as jaundice, edema.
and bleeding), and it increases the risk of hepatocellu-
lar carcinoma (3,4). A needle biopsy is performed for
the diagnosis and staging of hepatic fibrosis, but it is
an invasive procedure (5,6). Among the latest imaging
techniques, magnetic resonance (MR) elastography and
ultrasound elastrography are used for the noninvasive
assessment of the stage of liver fibrosis (5-7). However,
MR elastography requires specific hardware and
software, and ultrasound elastography is operator-
dependent and has low reproducibility (6-9). A simpler
and more objective technique to noninvasively assess
the stage of liver fibrosis is clinically desirable.

“Tp relaxation” represents the spin-lattice relaxa-
tion time constant in the rotating frame in MR imag-
ing (MR}, and it determines the decay of transverse
magnelizaltion in the presence ol a "spin-lock” radio-
frequency (RF) field (10,11). Typ relaxation is sensitive
to macromolecule-water interactions in protein solu-
tions and in biological tissues (12-15). Typ relaxation
may serve as a biomarker for biological processes
associated with alterations in the macromolecular
content properties of tissues (10,11,16-20).

Liver fibrosis. a common feature of liver cirrhosis
(LC). involves the accumulation of collagen,
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Table 1
Characteristics of the 53 Patients

Patients with chronic liver disease

Background of chronic liver disease

Chronic viral hepatitis B 4
Chronic viral hepatitis C 21
Chronic viral hepatitis B and C 1
Alcohol abuse 1
Primary biliary cirrhosis 1
Nonalcoholic steatohepatitis 1
Chronic liver disease without hepatitis 8

virus infection or alcohol abuse
Child-Pugh Classification

Grade A 30
Grade B 7
Patients without chronic fiver disease n=16
Without metastatic disease 3
With metastatic disease 13
Primary site of metastatic tumors

Gastric gastrointestinal stromal tumor 1
Pancreas cancer 1
Ascending colon cancer 1
Sigmoid colon cancer 1
Rectal cancer 9

proteoglycans, and other macromolecules in the extrac-
ellular matrix (1,21,22), and thus Typ relaxation could
be a candidate biomarker for liver fibrosis. With a bili-
ary duct ligation (BDL)-induced liver fibrosis rat model,
Wang et al (23) reported that Typ relaxation was used
successfully to detect early liver fibrosis, and that the
liver collagen content was correlated with the degree of
elevation of the Tip relaxation. Thus, Tip relaxation can
potentially be used noninvasively for detecting and
assigning a grade (o liver fibrosis (23). Contrarily, Sirlin
(24) suggested that T)p relaxation of the liver does not
directly reflect liver fibrosis because of the discrepancy
between the mechanism of T,p relaxation and the alter-
ations in the extracellular matrix. which is composed of
fibril-forming collagen as well as cellular matrices in
accord with the progression of liver injury.

Two other recent clinical studies also found that Typ
relaxation is useful for the differentiation of LC from
normal liver; the T\p values of the liver were prolonged
related to the progression of Child-Pugh grade
(25,26). We therefore speculated that T)p relaxation
could be useful for assessing the severity of liver func-
tion rather than the grade of liver fibrosis. The pur-
posc of the present study was to investigate the
diagnostic potential of Tip relaxation of the liver for
assessing liver function, liver fibrosis or necroinflam-
mation in patients with or without CLD.

MATERIALS AND METHODS
Subjects

This was a retrospective study approved by our Institu-
tional Review Board; it complied with the standards of
the Ethics Commiittee. From May 2012 to July 2013,
144 patients underwent MRI of the liver at our institu-
tion because liver lumor(s) were suspected due to CLD

Takayama et al.

or malignant disease in other organs. The criterion for
the inclusion of a patient was that serum blood and
indocyanine green {(ICG) clearance tests were performed
1 week before or after the patient’s MRI. Thirteen of the
144 patients had a history of partial hepatectomy or
percutaneous RF ablation, and they were included in
the study. Ninety-one of the 144 patients were excluded
from the study: 26 of the 91 patients had a history of
transarterial chemoembolization or infusion chemo-
therapy before the MRI, and the other 65 patients did
not undergo serum blood and/or ICG clearance tests.
There were no patients with acute liver injury caused
by viral infection, drug, or ischemia. Finally, a total of
53 patients (35 men, 18 women; mean age, 65.2 years:
age range, 35-86 years) were enrolled. The patients’
characteristics are shown in Table 1.

Imaging Protocols

The MRI was performed on a clinical 3.0T MR system
(Achieva TX, Philips Healthcare, Best, The Nether-
lands) using a 32-channel torso-cardiac phased-array
coil. An axial T;p map was generated from 3D Typ-pre-
pared images which were scanned during a breath-
hold using the turbo field echo and parallel imaging
techniques. The imaging parameters were as follows:
repetition time=2.1 msec. echo time=0.98 msec,
field of view=360 x 306 mm, matrix=256 x 205,
slice thickness = 10 mm, slice gap =0 mm, number of
slices =3, number of acquisitions=1, time of spin
lock (TSL}=1/20/40/60 msec, spin-lock pulse
frequency =500 Hz. shot interval = 5000 msec, scan
time of Tp-prepared image with each TSL=11.7 sec-
onds. The number of slices was limited to three
because of the breath-hold acquisition. Three slices
were set at the level of the hepatic hilum.

The longitudinal magnetization was prepared by a
nonselective RF pulse train: 90°(x) - TSL/2 (+y) -
TSL/2 (-y) - -90°(—x) (27). A spin lock pulse fre-
quency of 500 Hz was set, referring to the literature
(21,23,28). The TSL of 60 msec was the maximum
length of TSL complying with the limitation of the spe-
cific absorption rate (SAR). The shot interval of 5000
msec was set between each slice acquisition. and the
ice-space was filled using low-to-high ordering to avoid
affecting the Typ contrast for the next image scan as
well as the lower SAR level. T\p mapping was pro-
duced with Philips Research Integrated Development
Environment (PRIDE} software written in Interactive
Data Language (IDL 6.3, ITT, Boulder, CO) on a pixel-
by-pixel basis using a monoexponential decay model:
SrsL = So*exp(-TSL/Tip), where Srs is the signal
intensity in Tp-prepared images with a certain TSL,
and S, is that with a TSL of 0 msec. The monoexpo-
nential decay model was based on Levenberg-Mar-
quardt algorithim, a previously reported method (29).

Patients’ Clinical Data
Laboratory Tests

Blood serum parameters related to liver function, ie,
total profein (TP}, albumin (Alb), total bilirubin (TB),
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Figure 1. T\p measurement on the map. The T)p values were
measured by placing ROIs as large as possible on the liver
parenchyma while avoiding vessels. tumors, and artifacts.
Five round or oval ROIs were placed in the right lobe or seg-
ment IV of the left lobe.

direct bilirubin (DB), aspartate aminotransferase
(AST), alanine aminotransferase (ALT), alkaline phos-
phatase (ALP), y-glutamyl transpeptidase (YGTP), total
cholesterol (Tcho), serum triglyceride (TG), glucose
(Glu), prothrombin activity (PT-INR), and platelet count
(Pt} were measured. The ICG clearance tests were per-
formed using 0.5 mg/kg body weight Diagnogreen
(Daiichi Pharmaceutical, Tokyo, Japan). Blood samples
were collected before and 15 minutes after the Diagno-
green administration, and the retention rates at 15
minutes after the injection (ICG-R15s) were measured.
The normal range of ICG-R15s is less than 15%.

Histological Assessments

Forty-two of the 53 patients underwent surgery
(n=39) or needle biopsy (n=3). One pathologist (Y.K.)
with 4 years of experience who was unaware of the
imaging data reviewed the hematoxylin-eosin-stained
glass slides of each patient and referred to the official
pathological report to determine the histological find-
ings of the liver parenchyma. When the results were
discordant, another experienced pathologist (S.A.)
with 14 years of experience was consulted.

The degree of liver fibrosis was classified into five
groups according to the New Inuyama Classification:
FO (no fibrosis), F1 (fibrous portal expansion), F2
(bridging fibrosis), F3 (bridging fibrosis with architec-
tural distortion), and F4 (liver cirrhosis) (30.31). Simi-
larly, the grade of necroinflammatory activity was
scored as AO (no necroinflammatory reaction), Al
{mild), A2 (moderate}, or A3 (severe] {30,31). The
mean interval between the liver MRI and the liver
specimen sampling was 40.9 days (range, 1-128
days). The scores of liver fibrosis and liver necroin-
flammation in the other 11 patients could not be eval-
uated because of the contraindication of surgery or
needle biopsy due to multiple liver metastases or a
risk of blceding caused by severe liver dysfunction.

Imaging Assessment

We measured the Typ values of the liver after drawing
a tolal of 15 round or oval regions of interest (ROIs)

3

for each patient. More specifically, five ROIs on each
slice of the Typ map (Fig. 1) were drawn by two inde-
pendent radiologists (Y.T. and A.N.) with 13 and 19
years of experience in liver MRL. The radiologists were
blinded to the patients' clinical data. The ROIs were
made as large as possible on the normal liver paren-
chyma while still avoiding major vessels, tumors, and
artifacts. The range and mean areas of the ROIs of the
liver parenchyma were 65.26-401.84 mm® and
218.98 mm?, respectively. All image analyses were
performed using MIPAV (Medical Image Processing,
Analysis, and Visualization, National Institutes of
Health, Bethesda, MD). After we averaged the Typ val-
ues obtained by the two readers, we analyzed the cor-
relations among the Typ values, the laboratory test
results, and the scores of liver fibrosis and liver nec-
roinflammation. We also calculated the mean and
standard deviations (SDs) of the T,p values of the liver
in each patient group with different scores of liver
fibrosis (FO, F1, F2, F3, and F4) or liver necroinflam-
mation (A0, Al, A2, and A3) (see Table 3 for the
details of patient groups).

Statistical Analysis

The intraclass correlation coefficient was used to
assess the inlerreader agreement in measuring the
Typ values. Pearson's correlation coefficients
(r=simple correlation) were calculated between Tip
values and blood serum parameters, including 1CG-
R15s. Spearman's rank correlation coefficients
(Spearman's p) were calculated between Tip values
and scores of liver [ibrosis or liver necroinflammation.
Mean T)p values among the patient groups with dif-
ferent scores of liver fibrosis or liver necroinflamma-
tion were compared by one-way analysis of variance
(ANOVA) followed by Tukey's HSD post-hoc test. The

Table 2

T1p Values of the Liver and Laboratory Tests

Parameter Unit Mean Range
Tip msec 40.74 31.31-54.89
TP g/dL 6.91 4.60-8.70
Alb g/dL 3.81 2.30--5.00
RL:] mg/dL 0.95 0.30-2.20
DB mg/dL 0.26 0.00-1.10
AST UL 46.47 16.00-289.00
ALT uiL 37.72 7.00-194.00
ALP Uil 298.85 172.00--784.00
YGTP UL 64.21 10.00-316.00
Tcho mg/dL 181.71 102.00--344.00
TG mg/dL 128.17 37.00-531.00
Glu mg/dL 106.00 82.00--197.00
PTINR INR 1.10 0.91-1.46
Pit x10%/uL 150.96 37.00-434.00
ICG-R15 % 17.56 2.70~79.90

TP: total protein, Alb: albumin, TB: total bilirubin, DB direct biliru-
bin, AST: aspartate aminotransferase, ALT alanine aminotransfer-
ase, ALP: alkaline phosphatase, yGTP: y-glutamy! transpeptidase,
Tcho: total cholesterol, TG: triglyceride, Glu: glucose, PT-INR: pro-
thrombin activity, Plt: platelst count (PIt), and ICG-R15: retention
rates at 15 minutes of indocyanine green clearance test
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Table 3
Scores and Patient Numbers of Liver Fibrosis and
Necroinflammation in 42 Patients

Takayama et al.

Table 4
Pearson's Correlation Coefficients Between T1p Values of the Liver
and Laboratory Test Results

Liver fibrosis score n  Parameter r 95% Cl P
FO 18 TP —-0.09 -0.35-0.18 n.s.
F1 . g Ab -0.33 —0.55- -0.07 <0.05
F2 6 TB 0.31 0.05-0.54 «0.05
F3 4 DB 0.32 0.18-0.65 <0.05
F4 5 AST 0.08 ~0.19-0.34 n.s.

- - - ALT -0.09 -0.38-0.22 n.s.
Liver necroinflammation score n ALP 017 ~0.11-0.42 n.s.
20 18 YGTP -0.28 ~0.51— ~0.01 <0.05
At 12 Tcho -0.03 —0.33-0.28 n.s.
A2 11 TG -0.09 ~0.38-0.22 ns.
A3 1 Gl ~0.19 -0.44.-0.09 ns.

PT-INR 0.06 -0.26-0.36 ns.
Plt -0.01 —-0.28-0.26 n.s.
statistical analyses were performed with IBM SPSS |CG-R15 0.46 0.22—0.65 <0.01

Statistics 18.0 (IBM Japan, Tokyo) and JMP software
v. 9.0 (SAS Institute, Cary, NC). P<0.05 was consid-
ered significant for each analysis.

RESULTS
Patients’ Clinical Data

The summary of Typ values of the liver, laboratory
tests, and the scores and patient numbers of liver
fibrosis and liver necroinflammmation are shown in
Tables 2 and 3.

Interreader Agreement

The intraclass correlation coefficient of Tip values
between the two readers was 0.980 (95% confidence
interval [CI]=0.97-0.99), indicating excellent concord-
ance in the readers’ T;p value measurements (Fig. 2).

Correlations Between T;p Values of the Liver
and Laboratory Test Results

The Pearson's correlation coefficients between the
Tip values and the laboratory test results are shown

60 -
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g %
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.
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30 40 50 60
T1p (Reader 2) [ms]

Figure 2. Analysis of interreader agreement. ‘The intraclass
correlation was 0.980 (95% CI=0.97-0.99), indicating the
excellent concordance in Tip value measurement between
the two readers.

Cl: confidence interval, n.s.: not significant.
Abbreviations as in Table 2.

in Table 4. The T;p values showed significant posi-
tive correlations with TB, DB. and ICG-R15
(P<0.05) and significant negative correlations with
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Figure 3. Scatterplots of the correlation between the Typ val-
ues of the liver and the serum levels of Alb (a), TB (b), DB
{c), yGTP {d). and ICG-R15 (e). A significant correlation was
observed in all combinations. Table 4 provides the Pearson’s
correlation coeflicients and P-values between Tjp values of
the liver and the laboratory test results.
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Figure 4. Colored Typ maps. a:
A 68-year-old male. mean Typ=
38.5 msee, ICG-R15=9.3%. b:
A 76-year-old female, mean
Typ=44.7 msee, ICG-RIS=
40.7%. c: A 64-year-old male,
mean Typ=54.1 msec, ICG-
R15=79.9%. The Typ value of
the liver was prolonged with
increasing ICG-R15: that is,
worsening liver function.

Alb and yGTP (P<0.05). Scatterplots of the correla-
tion between the Tp value of the liver and the
serum levels of Alb, TB, DB, and yGTP, and ICG-
R15 are shown in Fig. 3. Among those serum
parameters. ICG-R15 showed the highest correlation
coefficient (r=0.46). Representative images suggest-
ing the relationship between Tp maps of the liver
and ICG-R15 are given in Fig. 4.

Correlations Between T p Values of the Liver
and Scores of Liver Fibrosis and Liver
Necroinflammation

The Typ values (mean and SDs) in the five patient
groups based on liver fibrosis scores were FO (n=18),
39.91 £ 4.65 msec; F1 (n=9), 41.27 £ 3.01 msec; F2
(n=6). 37.64+7.03 msec, F8 (n=4), 40.62+2.25
msec; and F4 (n=>5), 42.16 + 5.88 msec. There were
no significant differences in Typ values among the five
groups of dilferent scores of liver fibrosis by one-way
ANOVA (F=1.03, P=0.40).

The Typ values (imean and SDs) in the three patient
groups based on the liver necroinflammation scores
were AQ (n=18), 39.97£4.63 msec; Al (n=12),
39.96 +4.51 msec: A2 (n=11), 39.98+6.78 msec:
and A3 (n= 1), 39.09 mscc. There were no significant
differences in Tip values among the three groups by
one-way ANOVA (F=0.39, P=0.68). The number of
patients in the A3 group was only one, and thus we
did not calculate the SDs of the Typ values or perform
a pairwise comparison.

Typ values showed no significant correlations with
the scores of liver fibrosis (Spearman's p=0.01.
P=0.95) and liver inflammation (Spearman’s p=-
0.03, P=0.86). Scatter graphs illustrating the correla-
tions between the T)p values and score of liver fibrosis
or liver necroinflammation of each patient are shown
in Fig. 5.

40 T1p [ms]

Radh aa i aaad
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b Liver Necro-inflammation
Figure 5. Corrclations between the Typ value of the liver and
scores of liver fibrosis {a) and liver necroinflammation (b).
There were no significant correlations between the Typ values
and liver fibrosis (Spearman’s p=0.01, P=0.95). or between
the Typ values and liver necroinflammation (Spearman’s p=-
0.03, P=0.86). The numbers of patients in the five patient
groups based on liver fibrosis scores and in the three patient

groups based on the liver necroinflammation scores are
shown in Table 3.
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DISCUSSION

The results of the present study showed that Typ
relaxation of the liver could be useful to estimate liver
function. Two recent clinical studies obtained similar
resulls. One study showed that Typ values of the liver
in patients with LC (57.4=7.4 msec) were signifi-
cantly higher than those of healthy controls
47.8+4.2 msec) (26). Another study demonstrated
that the T,p values of the liver increased as the Child-
Pugh class increased in patients with LC: class A,
45.4 + 1.6 msec, class B, 50.0=3.0 msec, and class
C, 54.0 = 3.7 msec {25). There were significant differ-
ences between Child-Pugh classes A and B, classes B
and C. and classes A and C (25).

Those two studies suggested that Typ relaxation has
a potential role as a biomarker for LC. In the present
study, ICG-R15 was used to assess the correlation
between Tip values and liver function because it is
widely used in clinical practice to estimate the liver
functional reserve before liver surgery (32,33). Among
the blood serum parametiers we studicd, the ICG-R15
results showed the highest correlation coefficient with
the Tip values. The ICG test is influenced by the
serum levels of Alb and TB because ICG binds to
serum albumin (32,33). The active transfer of ICG
into the liver parenchymal cells leads to a rapid disap-
pearance from the plasma, and it appears to be
removed solely by the liver; it is secreted into the bile
from the parenchymal cells (32). We speculate that
Tp relaxation is affected by liver function. especially
albumin synthesis, bile transport, and detox.

Other important findings of the present study were
that Typ relaxation of the liver was not significantly
correlated with liver fibrosis or with necroinflamma-
tion. Allkemper et al (25) investigated the correlation
between Typ relaxation and the stage of liver necroin-
flammation, and they concluded that Typ relaxation
did not correlate with necroinflammatory activity.
Their result was consistent with ours. Importantly.
the present study investigated that correlation
between Tp values and liver fibrosis including
patients with an early stage of liver fibrosis in CLD.
We found that Tjp relaxation did not corrclate with
liver fibrosis, and there were no significant differences
in Tip values among the patients with five different
stages of liver fibrosis. Our results indicated that T\p
relaxation might not be useful to detect the early
stages of liver fibrosis in CLD. However, our results
were obtained [rom small numbers of patients in each
group with different scores of liver fibrosis or liver
necroinflammation. A further study is necessary to be
validated.

Wang et al (23} described the usefulness of Typ
relaxation for the assessment of liver fibrosis using a
rat BDL model. Zhao et al (28) also described the use-
fulness of T)p relaxation for the assessment of liver
fibrosis using a rat carbon tetrachloride liver injury
model. One possible reason for the discrepancies in
the results between these studies with rat models and
our present findings is the difference in the environ-
ment “of liver parenchyma, specifically, acute liver
injury versus chronic liver injury (23.28). The present

Takayama et al.

study investigated patients who were suspected to
have liver tumors due to CLD or malignant disease in
other organs, so that their Tjp relaxation might be
affected by cholestasis or structural changes in the
hepatocytes or liver parenchyma (24).

Another discrepancy regards the mechanisms
between Typ relaxation and liver fibrosis. In articular
cartilage. T,p relaxation shows a negative correlation
with the contents of collagen and proteoglycan
(12.20). In LC, in accord with the progression of liver
injury, there is an increase in extracellular matrix,
composed of fibril-forming collagen as well as cellular
matrices (including proteoglycans) (34). We thus sus-
pect that the Tp prolongation in patienis with liver
dysfunction may be influenced by the depletion of
macromolecules or an increase of bulk water rather
than the macromolecular accumulation associated
with liver fibrosis. 1t is doubtful that the chemical
exchange between bulk water and the hydroxyl and
amine groups of proteoglycans affects the Tip relaxa-
tion in liver parenchyma in contrast to articular carti-
lage (13). Biological, chemical, and physical factors
may contribute to Typ relaxation.

The promising aspect of Typ relaxation in liver MRI
is that it is not affected by other biological changes in
liver parenchyma such as the storage of glycogen and
the deposition of iron or fat. Deng et al (21) reported
that there was no significant difference in liver
Typ values between those obtained at the fasting
status (43.08+1.41 msec) and postmeal status
(42.97 = 2.38 msec), suggesting that Typ relaxation is
not affected by the storage of glycogen in the liver. Typ
relaxation also did not correlate with the degree of ste-
atosis or presence of iron load (25). Therefore, T\p
relaxation has potential as a biomarker for liver
function.

An important point to remember about Typ relaxa-
tion is that it is susceptible to B, inhomogeneity, as a
significant increase in B, inhomogeneity-related arti-
facts degrades the accurate calculation due to the het-
erogeneous spin-lock pulse distribution (35,36). As
noted in previous studies, a solution to this problem
is to use a 1.5T MR scanner for the precise calcula-
tion of Typ relaxation of the liver. We consider that
dual-source RF transmission technology is essential
to reduce the B; inhomogeneity-related artifacts of the
liver when using a 3.0T MR scanner (37,38}. Such
hardware also helps reduce the limitation of the SAR
during the scan.

There were a few other limitations in this study.
First, we did nol investigale the correlation of Typ
relaxation of the liver with scintigraphy with 9%™Tc-
diethylenetriamine pentaacetic acid-galactosyl-human
serum albumin (**"Tc-GSA). P°™Te-GSA is thought of
as the most reliable tool to estimate the liver func-
tional reserve before surgery (39). In the present
study. 22 of the 53 patients underwent *°*™Tc-GSA
scintigraphy, but these data were not included for the
analysis because the number of patients was small.
Second, the influence of respiratory or cardiac
motions was not taken into consideration in the pres-
ent study. The breath-hold technique was used for
respiratory control during the image acquisition
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because it enabled fast image acquisition. The
respiratory-triggering technique and cardiac electro-
cardiography gating technique may reduce the influ-
ence of respiratory or cardiac motions, but they
require further elongation of the scanning time (38).
Deng et al (21) reported that respiration motion could
lead to artificially high Typ values of the liver paren-
chyma based on even mild spatial misregistration. In
addition, the hepatic vein and biliary tract showed
high signal intensities. Thus, the vessel contamina-
tion might result in unavoidable miscalculation of
the Tp values of the liver. Third, this was a retro-
spective study, and the numbers of patients in each
group with different scores of liver fibrosis or liver
necroinflammation were small. In addition, the etiol-
ogy of CLD was heterogeneous. A prospective study
is necessary to minimize biases due to the number of
patients and the etiology of CLD and to validate the
diagnostic potential of Typ relaxation of the liver.

In conclusion, Typ relaxation has polential as a bio-
marker for the assessment of liver function. However,
Typ relaxation of the liver may not be suitable to esti-
mate liver fibrosis or liver necroinflammation.
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Abstract

Background To date, no large-scale study has been undertaken to understand the clinical features of non-occlusive mesenteric
ischemia (NOMI) after surgery. We thus performed a multicenter investigation to clarify the clinical outcomes and prognostic
factors of NOML

Patients and Methods Clinical databases from 22 Japanese facilities were reviewed for evaluation of patients who received
surgery for NOMI between 2004 and 2012, NOMI patients (#=51) were divided into two groups: group [ (#=28) consisted of
paticnts who survived, and group II (#=23) consisted of paticnts who did not survived. Prognostic factors were compared
between the two groups.

Results NOMI surgery represented 0.04 % of the total number of operations performed in this time period. The overall mortality
rate for NOMI surgery was 45 %. Hemodialysis was a significant negative prognostic factor (»=0.027). Preoperative elevation of
transaminases, potassium, and white blood cell count, as well as metabolic acidosis and colon ischemia was poor prognostic
factors. The mean Physiological and Operative Severity Score for the enumeration of Mortality and Morbidity (POSSUM) score
of group 1 versus group 1T was 54.5£3.6 and 85.2+4.1, respectively (p<0.001).

Conclusions Currently, NOMI surgery has a 45 % mortality rate. POSSUM scores can be used to predict the clinical outcome of
patients who reecive NOMI surgery.

Keywords Non-occlusive mesenteric ischemia - Acute cause of 10 to 30 % of all cases of acute mesenteric
mesenteric ischemia - Prognostic factor - Clinical features ischemia.®® Until recently, NOMI has had a dismal prognosis,
with mortality rates between 70 and 90 %.% NOMI is asso-
ciated with age, diabetes mellitus, hypertension, and
altherosclerosis,” suggesting that it is a problem of aging.

Selective mesenteric angiography is considered the gold
standard for diagnosing acute mesenteric ischemia,” and the
Amecrican Gastrocnterological Association has cstablished
guideline for the diagnosis and treatment of acute mesenteric
ischemia.® However, debate regarding angiography and arte-
rial infusion therapy for NOMI exists,”” and the role of
surgical treatment for NOMI is controversial.>®”

Current understanding of NOMI is based on a small num-

Introduction

Non-occlusive mesenteric ischemia (NOMI) consists of intes-
tinal ischemia and/or necrosis in the absence of an organic
obstruction within the main trunk of the mesenteric artery or
vein.' It is currently thought that NOMT is caused by mesen-
teric vasoconstriction.’ NOMI has been reported to be the

T, Yukaya (7) - 1. Sacki - K. Taketani - K. Ando- S. Ida - ber of clinical reports of patients with miscellancous forms of
Y. Kimura + E. Oki « M. Yasuda + M. Morita - K. Shirabe « acute mesenteric ischemia. The largest study to date on pa-
Y. Machara ) ) tients with a definitive NOMI diagnosis was performed by
Department ofSurg’c ty and Science, Graduate School of Medical Ward et al.” who reported on 34 patients with NOML The aim
Sciences, Kyushu University, 3-1-1 Maidashi, Higashi-ku, . . N

§12-8582 Fukuoka, Japan of this study was to use a multicenter approach to clarify the
e-mail: t-yukaya@surg2.med kyushu-w.ac.jp clinical outcomes and prognostic predictive factors of NOML
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Paticnts and Methods

A retrospective chart review was performed on all patients
who underwent surgery at the Department of Surgery and
Science, Graduate School of Medical Sciences, Kyusyu Uni-
versity, and 21 related facilities between April 2004 and
September 2012. During this period, 114,224 operations (in-
cluding 12,388 emergency operations) were performed by the
22 institutes. Among them, 51 operations were performed on
NOMI patients (0.04 %).

The diagnosis of NOMI was based on operative findings. A
definitive diagnosis of NOMI requires the absence of an
organic obstruction of the blood vessels distributed in the
necrotic intestinal region, segmented discontinuous intestinal
ischemic changes, and necrosis.” !

In this study, physicians were asked to fill out a survey
form consisting of the following items: patient background
[gender, age, underlying disease, surgical division (emergency
or scheduled)], laboratory findings at the time of the decision
to proceed to surgery, metabolic acidosis upon admission,
preoperative hypotension, portal venous gas detected by CT
scan, range of ischemic lesion, POSSUM score (predictive
mortality rate), additional postoperative treatments (such as
prostaglandin El, continuous hemodiafiltration, polymyxin
B-immobilized column direct hemoperfusion, anticoagulant
therapy, nitrovasodilators, and octreotide), and prognosis.

NOMI patients were classified into two groups: group [
(n=28) consisting of patients who survived to discharge and
group II (n=23) consisting of patients who did not. Multiple
clinical factors were compared between the two groups.

POSSUM stands for Physiological and Operative Severity
Score for the enumeration of Mortality and Morbidity.'? It was
developed by Copeland et al.'? in 1991 and has since been
applied to a number of surgical groups including orthopedics,
vascular surgery, head and neck surgery, and Gl/colorectal

surgery. The POSSUM mortality equation is calculated as
follows: In [R/ (1 — R)}]=~7.04 +(0.13 x physiological score)
+ (0.16 x operative severity score), where R is the predicted
risk of mortality. "2

Statistically significant differences were determined using
Fisher’s exact test and £ test. A p value less than 0.05 was
considered to be statistically significant. Receiver operator
characteristic (ROC) curves and the corresponding area under
the curve (AUC) were used to evaluate how the prediction
model performed on the study data.

Results
Characteristics and Symptoms of NOMI Patients

A comparison of patient characteristics is shown in Table 1.
Males accounted for 51.0 % of all NOMI patients. The median
patient age was 78 years (19-94 years), with 19 patients in
their 80s. The overall mortality rate was 45 % (1=23). There
were no significant differences in gender or age between the
two groups.

Hypertension was the most frequent comorbid condition
(49 %), followed by cardiovascular disease (47 %) and renal
failure (14 %). Four patients were taking digitalis (8 %). There
were no significant differences in comorbid conditions (hy-
pertension, cardiovascular discase) or medications between
the two groups. However, group II contained significantly
more patients on hemodialysis (p=0.027).

Several presenting symptoms were identified. Abdominal
pain was the presenting symptom in 30 patients (59 %) and
loss of consciousness in 9 (18 %). Scven patients (14 %) were
sedated and thus had no presenting complaint. Hematemesis/
bloody stool and abdominal distention were present in each

Table 1 Comparison of clinical

characteristics between group | Factors All (2 =51) Group [ (#=28) Group IT (n=23) p value
and group II
Average age 78 75.5=2.3 76.1+2.6 0.856
Gender (Male/Female) 26/25 16/12 10/13 0.404
Comorbid conditions
Hypertension 25(49) 14 (50) 11 (50) 0.551
Diabetes mellitus 10 (20) 5(18) 5(22) 0.500
Cardiovascular disease 24 (47) 16 (57) §(33) 0.970
Ischemic heart discase 11(22) 725 47N 0.621
Atherosclerosis 7(14) 621 1(4) 0.112
Arthythmia 7014 6(21) 1@ 0.112
Data listed for comorbid condi- Congesﬁ\fc heart failure 6(12) 4(14) 2(9) 0.854
tions and medications are total Hemodialysis 7(14) L& 6(27) 0.027
number (%) Medications
Group [ paticnts who survived to Digitalis 4(8) 1(4) 3(13) 0.234
discharge, group II patients who Diuretics 10 (20) 9(32) 1) 0.015
did not survive to dischargy
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four patients. Finally, 16 patients (32 %) reported no abdom-
inal symptoms.

Laboratory and Radiological Findings ol NOMI Patients

A comparison of laboratory findings is shown in Table 2.
Aspartate aminotransferase, alanine aminotransferase, potas-
sium, and white blood cell count were higher in group 11 than
those in group [ (p<0.05).

Metabolic acidosis was present in 29 % of the patients in
group T and in 72 % of the patients in group I (»=0.017;
Table 3). Only one patient underwent angiography, whereas
46 patients underwent computed tomography for preoperative
diagnosis. No patient required CT angiography. Portal venous
gas was detected in 62 % in group T but in only 30 % of the
patients in group II (p=0.033). Extensive ischemia (small
intestine and colon) was observed in 25 % of the patients in
group I and in 61 % of patients in the group II (p=0.010). No
significant differences were observed in the incidence of pre-
operative hypotension, the operation time, or the amount of
blood lost between the two groups.

Surgery Performed for NOMI

The surgeries performed on the NOMI patients are listed in
Table 4. Thirty-two patients (63 %) underwent bowel resec-
tion with enterostomy, and eight patients (16 %) underwent
intestinal resection with reconstruction. Exploratory lap-
arotomy was performed for 11 patients, 4 of whom
(8 %) had no cvidence of nccrosis and 7 of whom
(14 %) had magsive necrosis requiring resection. Three pa-
tients underwent a second operation for additional bowel
resection, because ischemic progression was suspected.

Median operation time was 152.6+12.6 min, and median
blood loss was 837.7+397.8 mL.

Additional Postoperative Treatments and POSSUM Score

Additional postoperative treatments for NOMI patients are
shown in Table 5. Ten patients were treated with prostaglandin
El, nine with continuous hemodiafiltration, three with poly-
myxin B-immobilized column direct hemoperlusion, and
three with anticoagulation therapy. Prostaglandin El is a
vasodilator; it was used to prevent vasospasm. The first line
therapy upon suspicion of NOMI has been angiography and
continuous administration of vasodilators, prostaglandin E1,
and papavelin. Mitsuyohi et al. reported that high dosc
intravenous administration of PGEl was effective in
NOMI.® Continuous hemodiafiliration was used for re-
move of inflammatory cytokines and renal
replacement.'” Direct hemoperfusion with polymyxin
B-immobilized column was used for remove of
endotoxin,'® The percent of NOMI patients who
underwent additional postoperative treatment was 61 %
in group 1 and 26 % in group II (p=0.014).

The mean POSSUM scores of groups I and IT were 54.5=
3.6 and 85.2=%4.1, respectively (p<<0.001; Table 3). All pa-
tients with a POSSUM score over 90 were in group L. Fur-
thermore, 22 of the 25 patients with a POSSUM score under
76.1 were in group I. Group I contained a higher percentage of
patients with POSSUM scores between 76.1 and 90 who had
received additional postoperative treatment (p=0.024;
Table 6). The treatments were as follows: one patient
was treated with anticoagulant therapy, one was treated with
direct hemoperfusion with polymyxin B-immobilized column,

Table 2 Comparison of preop laboratory findings between group | and group 11

Factors All (n=51) Group I (#=28) Group I (n=23) p value
Serum aspartate aminotransferase (IUL) 39 (12-6715) 60190 738+215 0.011
Scrum alanine aminotransferase UL 28 (6-996) 2841 237446 <0.001
Scrum total bilirubin {mg/dL) 0.8 (0.2-6.8) 15405 1.2£05 0.300
Serum creatine phosphokinase (o) 105 (3.4-84106) 9702,900 8,70043,300 0.083
Serum blood urea nitrogen (mg/dL) 32 (12-94) 35.6+3.7 39.7+4.2 0.235
Serum creatinine (mg/dL) 1.4 (0.4-11.7) 1.7+04 2.9+0.5 0.071
Serum albumin (g/dl) 2.9 (1.3-4.5) 3.040.2 2.7£0.2 0.081
Serum sodium (Eq/dL) 137 (120-155) 137x1.1 13813 0.364
Serum potassium (Eg/dL) 4.0 (2.2-7.6) 3.9:+0.2 4.6+0.2 0.014
White cell count (ful) 9,500 (1,490-52,000) 9,700:1,800 16,10042,000 0.011
Hemoglobin (mg/dL) 118 (7.2-18.1} 11.5£04 12.2:£0.5 0.152
Hematocrit %) 35.4 (21-58) 33.0x14 36.1£1.6 0.237
Platclets ¢<10"uL) 16.6 (1.2-36.7) 19.5%1.7 15.5£2.0 0.074

Data listed for all patients are mean values (range). Data listed for group [ and group II are mean valuesstandard deviation

Group [ patients who survived to discharge, group I patients who did not survive to discharge
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Table 3 Comparison of clinical findings between group [ and group H

Factor All Group 1 Group 1T p value
Metabolic acidosis 17732 (53 414 (29) 13418 (72) 0.017
Postoperative hypotension 20/50 (40) 8/27 (30) 12723 (52) 0.179
Portal venous gas 22/46 (48) 1626 (62) 6720 30) 0.033
Colon ischcmia 21751 4D 7:28 (25) 1423 (61) 0.010
Bowel resection >1 m 35/51 (69) 17728 (61) 18123 (78) 0.149
POSSUM score (n=47), mean=SD 68.3+3.5 54.5£3.6 85.2%4.1 <0.001
Duration of operation (min; n=51), mean+SD 153+13 14917 15819 0.365
Blood count {mL; #=51), mean=SD 838:£398 320530 1,470£590 0.070

Data listed arc total number (%)

SD standard deviation, group I patients who survived to discharge, group IT patients who did not survive to discharge

and one was treated with prostaglandin EL and continuous
hemodiafiltration.

Discussion

Acute mesenteric ischemia, including mesenteric arterial em-
bolism, mesenteric arterial thrombosis, NOM], and mesenteric
venous thrombosis, has a poor prognosis with a high in-
hospital mortality rate (59-93 %).2 NOMI is a particularly
poorly understood condition marked by progressive intestinal
ischemia leading to infarction, sepsis, and death in a high
proportion of patients.

NOMI appears to occur sccondary to cardiac discase, dia-
betes mellitus, and chronic dialysis-dependent renal
failure.2*'* In this study, 49 % of NOMI patients suffered
from hypertension, 47 % from cardiovascular disease, 20 %
from diabetes mellitus, and 14 % from dialysis-dependent
renal disease. According to previous reports, digitalis is an
additional risk factor for NOML¥'*' perhaps because it
induces vasoconstriction and thus increases resistance in pe-
ripheral splanchnic vessels. In this study, 8 % of NOMI
patients were on digitalis therapy.

Conventional angiography is regarded as the gold standard
imaging mecthod in patients with acutc mesenteric

Table 4 Comparison of operative procedures between group 1 and group 11

ischemia. > ¥ However, NOMI often oceurs in patients with
poor or unstable systemic conditions, and angiography may
not be possible in many of these patients due to its complexity
and invasiveness.”'” Catheter angjography is invasive and
difficult to perform, so its use is limited to select centers>*17
Indeed, Bender et al.'® reported that none of their sample
population received angiograms. In this study, only one pa-
tient underwent angiography. Hence, angiography is not the
primary method for NOMI diagnosis in clinical practice.
Mitsuyoshi et al.® reported the usefilness of multidetector-
row computed tomography for the diagnoses of NOML. In this
study, computed tomography was the primary imaging mo-
dality used for NOMI diagnosis.

Histopathologic detection of hemorrhagic and necrotic
changes is required for definite diagnosis of NOML'* Unfor-
tunately, pathological examination was not available for 11
study patients who received exploratory laparotomy. In these
cascs, we used macroscopic findings from the laparotomy to
definitively diagnose NOMIL Furthermore, although 40 pa-
tients underwent bowel resection, a pathological evaluation of
the resected specimen was available for only 25 patients. The
findings from all 25 patients met the pathological criteria of a
NOMT diagnosis.

Ischemic colitis represents the most common form of gas-
trointestinal ischemia. Many previous reports have not distin-
guished NOMI from ischemic colitis. Witternberg et al.'”

Operative procedure All Group | (n=28) Group I (n=23)
[ntestinal resection with enterostomy 30(59) 18 12

Intestinal resection with reconstruction (with diverting enterostomy) 2(4) 1 1

Intestinal resection with reconstruction (without diverting enterostomy) 8(16) 7 1

Exploratory faparotomy (no findings of intestinal necrosis) 4(8) 2 2

Exploratory laparotomy (findings of intestinal nccrosis) 7(14) ] 7

Data listed are fotal number (%)

Group I patients who survived to discharge, group [F patients who did not survive to discharge

& Springer

837




1646

J Gastrointest Surg (2014) 18:1642-1647

Table § Comparison of additional postoperative treatment between
group { and group Il

Additional postoperative treatment All Group 1 Group I
(n=31) (1=28) (n=23)
Patients who reccived treatment 23 17(74) 6 (26)*
Prostaglandin E1 10 7 3
CHODF 9 5 4
PMX 3 2 |
Anticoagulant therapy 3 3 0
Nitrovasodilator 1 1 0
Octreotide 1 1 0
Paticnts who did not receive treatment 28 11(39) 17(61)*

Data listed are total number (%)

CHDF continuous hemodiafiltration, PMX polymyxin B-immobilized
column direct hemoperfusion, group I patients who survived to discharge,
group I patients who did not survive to discharge

*There was significant difference in postoperative mortality between
patients who did or did not receive additional postoperative treatment
(p=0.01)

reported differences in the incidence of the underlying vascu-
lar etiologies of the two major categories of primary ischemic
disease of the bowel. NOMI is a disease primarily of the
superior mesenteric artery distribution, whereas ischemic co-
litis is a disease primarily of the inferior mesenteric artery
distribution. We thus excluded cases of bowel ischemia iso-
lated to areas of the colon supplied by the inferior mesenteric
artery.

Hemodialysis is a known risk factor for NOMI, because
patients with end-stage renal disease have many risk factors
for mesenteric ischemia.” However, the prognostic impact of
hemodialysis on patients who undergo surgery for NOMI has
not been evaluated. Qur results demonstrate that hemodialysis
is a negative prognostic factor for NOMI patients who receive
surgery.

Among the 46 patients who underwent computed tomog-
raphy, portal venous gas was detected in 22 (48 %). Portal
venous gas may be found in a variety of conditions.?” Portal
venous gas resulting from bowel ischemia has been shown to
be a poor prognostic factor, with an associated mortality rate

Table 6 Comparison of survival rates berween patients who did or did

not receive additional postoperative treatment
POSSUM score With Without P value
postoperative postoperative

treatment (#=22) treatment (#=25)

90% (n=11) 0/4 (0) 0/7 (0) ~

76.1Z and <90 (n=11)  3/3 (100) 1/8 (13) 0.024
<76.1 (n=25) 13/15 (87) 9/10 (90) 0.802
Average POSSUM score  66.9+4.9 69.5%5.2 0.360

Percentages are in parentheses
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of 75-90 %.*' Surprisingly, in our study, patients with portal
venous gas had a significantly better prognosis. This finding
may be explained by the fact that patients with portal venous
gas were diagnosed with severe intestinal necrosis and
underwent immediate surgery.

The area affected by ischemic bowel can range from a few
decimeters up to the entire small intestine and colon. Sotriadis
J etal* reported that patients with isolated right colon ische-
mia had a worse outcome than patients with ischemia involv-
ing other colon regions. We found that patients with extensive
bowel involvement (extending from the small intestine to the
colon) had a poorer prognosis. Aliosmanoglu et al.>* reported
that acute mesenteric ischemia involving both the colon and
the small intestine resulted in a higher mortality. The high
mortality rate in these patients may be due to vasoconstriction
of the inferior and superior mesenteric artery territorics.

In some cases of NOMI, ischemia progresses after surgery,
requiring a second-look surgery to be performed.® Ward et al.®
reported that aggressive re-exploration and delayed intestinal
anastomosis improved survival of NOMI patients. In this
study, 31 patients (59 %) underwent bowel resection with
enterostomy (without anastomosis), 10 patients (20 %) with
anastomosis (2 patients with diverting enterostomy), and 3
patients underwent second-look surgery. It can be difficult for
surgeons to determine whether to create an anastomosis or an
enterostomy during NOMI operations. We found no compli-
cations associated with anastomosis formation, suggesting
that surgeons appropriately judged the most suitable operative
procedure for each patient.

POSSUM scores and the Acute Physiology and Chronic
Health Evaluation (APACHE) Il are used to evaluate the risk
of surgery.®* The POSSUM score is casier to usc than
APACHE II and has been reported to be superior to APACHE
11 in predicting mortality in patients admitted to a high-
dependency unit after general surgery.”” To the best of our
knowledge, this is the first study to report the prognostic role
of the POSSUM score in a series of NOMI patients treated
with surgery. We found that a POSSUM score of 76.1 or
higher [as determined by the ROC -curve (AUC=0.905)]
was a predictor of in-hospital mortality.

To date, no published study has focused on additional
postoperative treatment of NOMI patients. In this study, pa-
tients who received additional postoperative treatments had a
better clinical course. However, we found no significant dif-
ference in the POSSUM scores of patients who underwent
additional postoperative treatment and those who did not
(Table 6). Hence, additional postoperative treatment of NOMI
patients has the potential to improve prognosis, especially
among patients with POSSUM scores between 76.1 and 90.

Patients with NOMI commonly receive intra-arerial infu-
sions of papaverine after surgery. However, angiography is
difficult to perform, and access is limited to select centers;
hence, intra-arterial infusions of vasodilators can be difficult.
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