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Abstract

Purpose Direct hemoperfusion with polymyxin

B-immobilized fiber (PMX-DHP) has been reported to

improve the outcomes in patients with colorectal perfora-

tion. We retrospectively identified prognostic factors in

patients with colorectal perforation and considered the

efficacy of PMX-DHP based on these prognostic factors.

Methods One hundred and fifty-six patients who under-

went surgery for colorectal perforation in our department

between November 1995 and March 2011 were enrolled in

this study. The clinicopathological factors were compared

between the survivor and non-survivor groups.

Results There were 28 patients (17.9 %) who died within

28 days after surgery. According to the multivariate anal-

ysis, an Acute Physiology and Chronic Health Evaluation

II (APACHE II) score of 17 or more was a significant

independent prognostic factor (P = 0.002, odds ratio =

5.39). There was a significant difference in the survival

rates between the patients with APACHE II scores of 16 or

less and those with scores of 17 or more who had received

the PMX-DHP (?) (P \ 0.0001).

Conclusion The APACHE II score is useful as a prog-

nostic factor in patients with colorectal perforation, and the

survival rate was 50 % or lower among the patients with

APACHE II scores of 17 or higher. Therefore, PMX-DHP

appears to have limited efficacy in serious cases.

Keywords Direct hemoperfusion with polymyxin

B-immobilized fiber (PMX-DHP) � Colorectal perforation �
Prognostic factor � APACHE II score � Sepsis

Introduction

Colorectal perforation is a life-threatening condition that is

associated with high mortality because it causes septic shock

and multiple organ failure [1–3]. However, in recent years,

some reports have indicated that direct hemoperfusion with

polymyxin B-immobilized fiber (PMX-DHP), in addition to

advances in perioperative management, improves the out-

comes in patients with colorectal perforation [4–8]. We

retrospectively identified prognostic factors in patients with

colorectal perforation and considered the efficacy of PMX-

DHP based on these prognostic factors.

Methods

Patient selection

One hundred and fifty-six patients who underwent surgery for

colorectal perforation in our department between November

1995, when PMX-DHP was introduced, and March 2011 (i.e.,

the past 15 years) were enrolled in this study. Cases with

iatrogenic perforation were excluded from this study.

Clinicopathological factors

We retrospectively investigated the prognostic factors in

patients undergoing surgery for colorectal perforation. The
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patients who died within 28 days after surgery were clas-

sified into the non-survivor group. The clinicopathological

factors, such as the patient background, preoperative status,

surgical factors, postoperative status and severity scores,

were analyzed. For the patient background, their age,

gender, and preoperative comorbidities were investigated.

Regarding the preoperative status, the presence of free air

in computed tomography (CT) scans, white blood cell

(WBC) depression, shock, systemic inflammatory response

syndrome (SIRS) and the number of SIRS criteria were

investigated. In terms of the surgical factors, the time from

the perforation to surgery, perforation site, cancer-associ-

ated perforation and construction of an artificial anus were

investigated. For the postoperative status, the use of PMX-

DHP was investigated. With respect to the severity scores,

the Acute Physiology and Chronic Health Evaluation II

(APACHE II) and Sequential Organ Failure Assessment

(SOFA) scores were calculated. In addition, the severity

scores were calculated based on preoperative vital signs

and clinical laboratory test values.

PMX-DHP

The blood access route was the femoral or the subclavian

vein. The endotoxin adsorption column used was a PMX-

20R (Toray Industries, Tokyo, Japan), and the blood flow

volume was 80–120 mL/min. PMX-DHP was carried out

for 120 min per session. Therapy was discontinued when

adverse events appeared or it was judged that it would be

difficult to continue PMX-DHP. When a patient failed to

recover from the shock state after one course of therapy,

another course was repeated 24 h later.

Therapeutic strategy for colorectal perforation

In our therapeutic strategy for colorectal perforation, emer-

gency surgery should be performed immediately, while anti-

shock therapy is preferably provided for the patients with

concomitant septic shock prior to the surgery. Since the

clinical course of patients with septic shock depends on the

bacteria responsible, blood cultures should be performed to

identify the bacteria after surgery. In addition, a mainly

crystalloid fluid solution is administered to maintain the

circulatory blood volume so that the uterine blood flow can

be maintained optimally at 0.5–1.0 mL/kg/h. When a patient

shows a low output state, in which the blood pressure cannot

be appropriately maintained even with infusion of a crys-

talloid solution, noradrenaline and other vasopressors are

administered continuously. For the cases with postoperative

respiratory failure, mechanical ventilation should be per-

formed with intratracheal intubation, and when the respira-

tory failure persists, tracheotomy should be performed. In

addition, among the recent therapeutic strategies for patients

who develop disseminated intravascular coagulation (DIC)

after surgery, it has been determined that heparin, gabexate

mesylate, and nafamostat mesylate should be administered,

and the administration of antithrombin is performed for

patients with decreased antithrombin activity, although this

therapeutic strategy has changed with time. We used the

standard therapeutic strategies for the time period through-

out this study.

Statistical analysis

Discrete variables were compared using Fisher’s exact

probability test, and continuous variables were compared

using the Mann–Whitney U test. Clinicopathological

factors, for which there was a significant difference in

the univariate analysis, were used as co-variables for the

multivariate analysis. For the multivariate analysis, the

logistic regression model was used with the odds ratio to

measure the association by applying a stepwise procedure.

Differences were considered to be statistically significant at

P \ 0.05. When cut-off values for the number of SIRS

criteria and the severity scores were analyzed, Akaike’s

Information Criterion (AIC) [9] was used. Values were

fixed as the cut-off values when the AIC value was the

lowest. Values were expressed as medians (min–max).

Results

Patient characteristics

The patient characteristics are shown in Table 1. The

median age was 72.5 years (27–97 years). There were 71

males and 85 females. The perforation sites were the

cecum in 10 patients, ascending colon in 16 patients,

transverse colon in five patients, descending colon in 10

patients, sigmoid colon in 101 patients, rectum in 12

patients and multiple in two patients. The most frequently

encountered cause of perforation was a diverticulum in 69

patients (44.2 %). There were 46 patients (29.5 %) with a

perforation due to colorectal cancer.

Comparisons of clinicopathological factors

between the survivor and non-survivor groups

There were 28 patients (17.9 %) in the non-survivor group

(Table 2). In a univariate analysis comparing the non-sur-

vivor and survivor groups, there were significantly more

patients with multiple SIRS criteria (P = 0.03), PMX-DHP

(P = 0.03), high APACHE II scores (P \ 0.0001) and

high SOFA scores (P \ 0.0001) who were non-survivors.

With respect to the other clinicopathological factors, there

were no significant differences between the two groups.
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Cut-off values for the scores

In order to fix the cut-off values for the number of SIRS

criteria and the APACHE II and SOFA scores for compar-

isons between the survivor and non-survivor groups, each

AIC value for these scores was calculated. As a result, the

AIC value was the lowest when patients had three or four

SIRS, when the APACHE II scores were between 16 and 17,

and when the SOFA scores were between four and five.

Therefore, the number of SIRS criteria and the APACHE II

and SOFA scores of four, 17 and five, respectively, were

fixed as the cut-off values (Tables 3, 4, 5).

Prognostic factors for non-survival

In the univariate analysis using the number of SIRS criteria,

the APACHE II score and the SOFA score cut-off values

described above, there were significantly more patients with

more than four SIRS criteria (P = 0.04), an APACHE II

score of 17 or more (P \ 0.0001) or a SOFA score of five or

more (P = 0.0004) in the non-survivor group than in the

survivor group (Table 6). According to the multivariate

analysis using these scores, an APACHE II score of 17 or

more was a significant and independent prognostic factor

(P = 0.002, odds ratio = 5.39) (Table 7).

Table 1 Patient characteristics

No. of patients (%)

Total 156

Agea 72.5 years (27–97)

Sex

Male 71 (45.5 %)

Female 85 (54.4 %)

Perforation site

Cecum 10 (6.4 %)

Ascending colon 16 (10.3 %)

Transverse colon 5 (3.2 %)

Descending colon 10 (6.4 %)

Sigmoid colon 101 (64.7 %)

Rectum 12 (7.7 %)

Multiple 2 (1.3 %)

Cause of perforation

Diverticulum 69 (44.2 %)

Colorectal cancer 46 (29.5 %)

Idiopathic 21 (13.5 %)

Trauma 8 (5.1 %)

Others 12 (7.7 %)

a Median (min–max)

Table 2 Comparisons of the clinicopathological factors between the

survivor and non-survivor groups

Survivor

group

(n = 128)

Non-survivor

group

(n = 28)

P value

Patient background

Age (C75/B74) 77/51 13/15 0.21

Gender (male/female) 60/68 11/17 0.53

Preoperative comorbidity

(?/-)

99/29 22/6 1.00

Preoperative status

Free air (?/-) 63/65 29/9 0.09

WBC

(\4000/mm3/C4000 mm3)

31/97 11/17 0.16

Shock (?/-) 17/111 5/23 0.55

SIRS (?/-) 78/50 22/6 0.09

No. of SIRS criteriaa 2 (0–4) 2 (0–4) 0.03

Surgical factors

Time from perforation to

surgery ([12 h/B12 h)

74/54 19/9 0.40

Perforation site

(C–T/D–RS)

26/102 5/23 1.00

Cancer-associated

perforation (?/-)

38/90 9/19 0.82

Construction of artificial

anus (?/-)

99/29 25/3 0.20

Postoperative status

PMX-DHP (?/-) 93/35 26/2 0.03

Severity scores

APACHE II scorea 10 (1–27) 16.5 (5–27) \0.0001

SOFA scorea 2 (0–7) 3 (1–7) \0.0001

In a univariate analysis of the non-survivor and survivor groups, there

were significantly more patients with multiple SIRS criteria

(P = 0.03), PMX-DHP (P = 0.03), high APACHE II scores

(P \ 0.0001) and high SOFA scores (P \ 0.0001) in the non-

survivors
a Median (min–max)

Table 3 Cut-off values according to Akaike’s Information Criterion

(AIC) and the number of SIRS criteria

No. of SIRS criteria AIC value

C0/1 150.3

B1/C2 147.5

B2/C3 147.7

B3/4 146.3

The AIC value was lowest when patients met three or four SIRS

criteria
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Comparison of the clinicopathological factors

between the patients with and without PMX-DHP

One hundred and nineteen patients (76.3 %) underwent

PMX-DHP. In a univariate analysis of the patients treated

with PMX-DHP (PMX-DHP (?) group) compared to those

without PMX-DHP (PMX-DHP (-) group), there were sig-

nificantly more patients with free air detected by CT

(P \0.001), WBC depression (P \0.001), construction of

an artificial anus (P = 0.0001), high APACHE II scores

(P \0.0001), and high SOFA scores (P\ 0.0001) (Table 8).

With respect to the other clinicopathological factors, there

were no significant differences between the two groups.

Table 4 Cut-off values according to Akaike’s Information Criterion

(AIC) and the APACHE II score

APACHE II score AIC value

B13/C14 132.6

B14/C15 133.3

B15/C16 131.5

B16/C17 130.0

B17/C18 134.0

B18/C19 132.6

a Median (min–max)

The AIC value was lowest when the APACHE II scores were between

16 and 17

Table 5 Cut-off values according to Akaike’s Information Criterion

(AIC) and the SOFA score

SOFA score AIC value

B1/C2 139.4

B2/C3 138.8

B3/C4 140.9

B4/C5 138.0

B5/C6 142.4

B6/C7 149.8

The AIC value was lowest when the SOFA scores were between four

and five

Table 6 Comparisons of scores between the survivor and non-sur-

vivor groups

Survivor group

(n = 128)

Non-survivor

group (n = 28)

P value

No. of SIRS

criteria (4/B3)

4/124 4/24 0.04

APACHE II score

(B17/B16)

13/115 14/14 \0.0001

SOFA score (B5/B4) 10/118 10/18 0.0004

There were significantly more patients who met four SIRS criteria

(P = 0.04), had APACHE II scores of 17 or more (P \ 0.0001), had

SOFA scores of five or more (P = 0.0004) in the non-survivor group

compared with the survivor group

Table 7 Prognostic factors for non-survivors

P value Odds ratio 95 % confidence

interval

No. of SIRS criteria C4 0.45 1.94 0.35–10.7

APACHE II score C17 0.002 5.39 1.81–16.0

SOFA score C5 0.07 2.93 0.93–9.26

According to the multivariate analysis performed using these scores,

an APACHE II score of 17 or more was a significant and independent

prognostic factor (P = 0.002, odds ratio = 5.39)

Table 8 Comparison of the clinicopathological factors between the

patients with and without PMX-DHP

PMX-

DHP (?)

group

(n = 119)

PMX-

DHP (-)

group

(n = 37)

P value

Patient background

Age (C75/B74) 54/65 12/25 0.19

Gender (male/female) 51/68 20/17 0.26

Preoperative comorbidity

(?/-)

94/25 27/10 0.50

Preoperative status

Free air (?/-) 70/49 12/25 \0.01

WBC (\4000/mm3/

C4000 mm3)

40/79 2/35 \0.001

Shock (?/-) 19/100 3/34 0.29

SIRS (?/-) 85/34 15/22 \0.001

No. of SIRS criteriaa 2 (0–4) 1 (0–3) \0.0001

Surgical factors

Time from perforation to

surgery ([12 h/B12 h)

49/70 14/23 0.85

Perforation site (C–T/D–RS) 21/98 10/27 0.24

Cancer-associated perforation

(?/-)

38/81 9/28 0.42

Construction of artificial anus

(?/-)

103/16 20/17 0.0001

Severity scores

APACHE II scorea 12 (3–27) 8 (1–19) \0.0001

SOFA scorea 2 (0–7) 1 (0–5) 0.004

In the univariate analysis of the patients treated with PMX-DHP

(PMX-DHP (?) group) compared to those without PMX-DHP (PMX-

DHP (-) group), there were significantly more patients with free air

detected by CT (P \ 0.001), white blood cell depression (P \ 0.001),

construction of an artificial anus (P = 0.0001), high APACHE II

scores (P \ 0.0001), and high SOFA scores (P \ 0.0001) in the

PMX-DHP (?) patients
a Median (min–max)
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Comparison of the clinicopathological factors

between the survivor and non-survivor groups

among the patients with PMX-DHP

Twenty-six patients (21.8 %) died within 28 days after

surgery in the PMX-DHP (?) group. In a univariate analysis

of the non-survivor and survivor groups, there were signif-

icantly more patients with high APACHE II (P \ 0.0001)

and SOFA scores (P = 0.0001) in the non-survivors

(Table 9). With respect to the other clinicopathological

factors, there were no significant differences between the

two groups.

The efficacy of PMX-DHP according to the APACHE

II score

The survival rates in the PMX-DHP (?) and (-) groups

according to the APACHE II scores are shown in Table 10,

which were 78.2 % (93/119) and 94.6 % (35/37), respec-

tively. Therefore, the survival rate in the PMX-DHP (?)

group was lower than that in the PMX-DHP (-) group.

According to the APACHE II score, in the PMX-DHP (-)

group, the survival rates were 66.7 % (2/3) and 50.0 %

(1/2) among the patients with APACHE II scores of 8 and

12, respectively, and 100 % among the patients with other

APACHE II scores. With respect to the details of the two

patients who died in the PMX-DHP (-) group, one patient

was an 89-year-old female who underwent surgery because

of a perforation due to carcinoma of the ascending colon,

and died suddenly of cardiac arrest on the 22nd postoper-

ative day. The other patient, a 39-year-old female who

underwent surgery because of traumatic perforation of the

sigmoid colon died of hemorrhagic shock on the day after

the operation. On the other hand, in the PMX-DHP (?)

group, the survival rate was 60.0 % or higher among the

patients with APACHE II scores of 16 or less. Except for

the two patients with APACHE II scores of 18 and 22,

survival rates of 50.0 % or less were recognized among the

patients with APACHE II scores of 17 or more. In the

PMX-DHP (-) group, there were no significant differences

in the survival rates between the patients with APACHE II

scores of 16 or less and those with scores of 17 or more. On

the other hand, there was a significant difference in the

survival rate between the two sub-groups among the PMX-

DHP (?) patients (P \ 0.0001) (Fig. 1). Regarding the

cause of death within 28 days after surgery in 26 patients in

the PMX-DHP (?) group, it was estimated that all of these

patients might have developed multiple organ failure after

sepsis shock. Sixteen out of the 26 patients (61.5 %) failed

to be weaned from mechanical ventilation due to the

development of postoperative respiratory failure. In addi-

tion, 10 patients (38.5 %) developed DIC, and required

anti-DIC therapy.

Discussion

As a colorectal perforation frequently causes septic shock

and multiple organ failure, it is a life-threatening condition

associated with a mortality rate of 13.8–35.0 % [1–3, 10].

Gram-negative bacteria, such as Escherichia coli, easily

cause bacteremia, and endotoxin, which is present on the

outer membrane of gram-negative bacteria, interacts with

the host during gram-negative sepsis. Furthermore, endo-

toxin causes the release of cytokines, such as interleukin

(IL)-1 and tumor necrosis factor (TNF)-a, which lead to

septic shock and multiple organ failure [4, 6]. Conse-

quently, perioperative management approaches based on

prognostic factors are needed to improve the outcome in

patients with colorectal perforation.

We attempted to identify prognostic factors in patients

who underwent surgery in our department. Some previous

studies have reported prognostic factors for colorectal

Table 9 Comparison of the clinicopathological factors between the

survivor and non-survivor groups among the patients with PMX-DHP

Survivor

group

(n = 93)

Non-

survivor

group

(n = 26)

P value

Patient background

Age (C75/B74) 52/41 13/13 0.66

Gender (male/female) 40/53 11/15 1.00

Preoperative comorbidity (?/-) 73/20 21/5 1.00

Preoperative status

Free air (?/-) 52/41 18/8 0.26

WBC (\4000/mm3/C4000 mm3) 29/64 11/15 0.35

Shock (?/-) 15/78 4/22 1.00

SIRS (?/-) 64/29 21/5 0.33

No. of SIRS criteriaa 2 (0–4) 2 (0–4) 0.14

Surgical factors

Time from perforation to surgery

([12 h/B12 h)

52/41 18/8 0.26

Perforation site (C–T/D–RS) 17/76 4/22 1.00

Cancer-associated perforation

(?/-)

30/63 8/18 1.00

Construction of artificial anus

(?/-)

80/13 24/2 0.52

Severity scores

APACHE II scorea 11

(3–27)

17

(5–27)

\0.0001

SOFA scorea 2 (0–7) 4 (1–7) 0.0001

In a univariate analysis of the non-survivor and survivor groups, there

were significantly more patients with high APACHE II (P \ 0.0001)

and SOFA scores (P = 0.0001) in the non-survivor group
a Median (min–max)
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Table 10 The efficacy of

PMX-DHP according to the

APACHE II score

The survival rates of the PMX-

DHP (?) and (-) groups were

78.2 % (93/119) and 94.6 %

(35/37), respectively

APACHE II

score

PMX-DHP (?) group PMX-DHP (-) group

No. of

patients

Survivors Survival rate

(%)

No. of

patients

Survivors Survival rate

(%)

1 0 – – 1 1 100

2 0 – – 4 4 100

3 1 1 100 0 – –

4 1 1 100 5 5 100

5 5 4 80.0 3 3 100

6 4 4 100 1 1 100

7 6 5 83.3 4 4 100

8 10 10 100 3 2 66.7

9 8 6 75.0 2 2 100

10 13 13 100 3 3 100

11 9 8 88.9 3 3 100

12 12 9 75.0 2 1 50.0

13 9 9 100 1 1 100

14 6 4 66.7 2 2 100

15 5 4 80.0 1 1 100

16 5 4 80.0 0 – –

17 6 3 50.0 1 1 100

18 1 1 100 0 – –

19 6 4 66.7 1 1 100

20 3 1 33.3 0 – –

22 1 1 100 0 – –

24 3 0 0 0 – –

25 1 0 0 0 – –

26 1 0 0 0 – –

27 3 1 33.3 0 – –

Total 119 93 78.2 37 35 94.6

Fig. 1 Survival rate according

to the APACHE II score. In the

PMX-DHP (-) group, there

were no significant differences

in the survival rates between the

patients with APACHE II scores

of 16 or less and those with

scores of 17 or more. On the

other hand, there was a

significant difference in the

survival rate between the two

sub-groups in the PMX-DHP

(?) group (P \ 0.0001)
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perforation [4, 6]. However, few reports have enrolled as

many patients as the current investigation. We also ana-

lyzed the efficacy of PMX-DHP on the basis of the prog-

nostic factors in our patients.

In the analysis of the prognostic factors, significant

differences were recognized in the number of SIRS criteria,

use of PMX-DHP, APACHE II score, and the SOFA score.

SIRS is defined by the American College of Chest Physi-

cians and the Society of Critical Care Medicine as a con-

dition that includes two or more of the following: body

temperature [38 or \36 �C; heart rate [90 beats/min;

respiratory rate [20 breaths/min; PaCO2 \32 Torr; WBC

[12000 or \4000/mm3; or with [10 % immature cells

[11]. For these reasons, SIRS indicates the presence of

septic shock, and is a condition associated with high

mortality [12, 13]. Moreover, SIRS has also been reported

to reflect the prognosis in surgical patients [14, 15]. In this

study, the number of SIRS criteria was closely associated

with the patient prognosis. Sun et al. [16] also reported that

an increase in mortality was observed as more SIRS criteria

were fulfilled. The extent of SIRS can be estimated by both

vital signs and blood examinations, and has been proven to

be a simple prognostic factor for patients with colorectal

perforation.

In the same manner, the APACHE II and SOFA scores

were found to be useful as prognostic factors in patients

with colorectal perforation. The APACHE II score is a

reliable and useful means of classifying the severity of

disease and estimating the prognosis in ICU patients [17].

Some other authors have previously reported that the

assessment of severity using the APACHE II score was

useful for estimating the prognosis in patients with colo-

rectal perforation [2, 18, 19]. The APACHE II scores were

significantly higher in the non-survivor group, and were

also useful for predicting the severity of the patient con-

dition in this study. Some authors have reported that the

mortality rate was significantly higher in patients with

APACHE II scores of 15 or more [2], 19 or more [18], or

20 or more [19].

Some authors have reported that assessment of the

severity using the SOFA score was also useful [18, 20, 21].

In their analyses of the severity using the SOFA scores, the

patients with SOFA scores of seven [20] or eight or more

[18, 21] had significantly higher mortality rates. In order to

select the optimal cut-off values for the APACHE II and

SOFA scores in the present study, the AIC values associ-

ated with each severity score was calculated. As a result,

APACHE II and SOFA scores of 17 and five, respectively,

were used as the cut-off values. In this study, the propor-

tion of patients with APACHE II scores of 17 or more was

10.2 % (13/128) in the survivor group and 50.0 % (14/28)

in the non-survivor group, and there were significantly

more patients with APACHE II scores of 17 or more in the

non-survivors. In the same manner, the proportion of

patients with SOFA scores of five or more was 7.8 % (10/

128) in the survivor group and 35.7 % (10/28) in the non-

survivor group, respectively, and there were significantly

more patients with SOFA scores of five or more in the non-

survivors. As the multivariate analysis revealed that an

APACHE II score of 17 or more was a significant inde-

pendent prognostic factor, it is necessary to keep in mind

that the patients with APACHE II scores of 17 or more are

at a higher risk of mortality.

In this study, the efficacy of PMX-DHP was also

examined according to the prognostic factors. PMX-DHP

was developed as a method to absorb endotoxin in the

blood [22]. Recent studies have shown that its use

improves the survival [22, 23] and hemodynamic status

[4, 24] in patients with sepsis. However, some authors have

reported that the improvement of survival and the altera-

tions in plasma endotoxin levels following PMX-DHP

treatment remained equivocal in clinical studies [8, 25].

Therefore, we attempted to analyze the efficacy of PMX-

DHP using the APACHE II scores. When we compared the

clinicopathological factors between the PMX-DHP (?) and

(-) groups, there were more patients found in the PMX-

DHP (?) group. In our department, PMX-DHP is intended

for serious cases, such as those with preoperative shock or

WBC depression, and our data indicated that PMX-DHP

was actually performed for more serious cases. Moreover,

when we compared the clinicopathological factors between

the survivor and non-survivor groups among the patients

with PMX-DHP in a univariate analysis, there were sig-

nificantly more patients with high APACHE II and SOFA

scores who received PMX-DHP. In fact, except for the two

patients with APACHE II scores of 18 and 22, survival

rates of 50.0 % or less were recognized among the patients

with APACHE II scores of 17 or more. Therefore, our

findings suggest that the efficacy of PMX-DHP is limited in

serious cases. In this study, the number of severe cases with

respiratory failure and DIC caused by sepsis was high

among the non-survivors in the PMX-DHP (?) group, and

the survival rate of these patients was predicted supposed

to be low. Nemoto et al. [23] reported that PMX-DHP did

not improve the survival rate in patients with APACHE II

scores greater than 30. On the other hand, there were two

patients with APACHE II scores of 17 or more in the PMX-

DHP (-) group, and both patients survived. Because only

these two patients among all of the patients with APACHE

II scores of 17 or more in the PMX-DHP (-) group, it is

necessary to accumulate more patients with the same

severity in order to make a proper comparison with the

PMX-DHP (?) group. There have been some previous

randomized clinical trials comparing the PMX-DHP (?)

and (-) groups. However, there was no significant differ-

ence in the 28-day mortality between these groups [4, 26].
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Moreover, it was pointed out that the early termination of

one trial caused an overestimation of the improvement of

survival [27]. Therefore, further investigations are needed to

confirm the true impact of PMX-DHP. Two prospective

randomized control trials, the primary end points of which

are the 28-day mortality, are currently underway in Europe

and USA [8]. It is expected that new knowledge concerning

the improvement of survival by PMX-DHP will be obtained

from those studies.

Conflict of interest Kiichi Sugimoto and co-authors have no con-

flicts of interest to declare.

References

1. Krivanek S, Armbruster C, Dittrich K, Beckerhinn P. Perforated

colorectal cancer. Dis Colon Rectum. 1996;39:1409–14.

2. Nespoli A, Ravizzini C, Trivella M, Segala M. The choice of

surgical procedure for peritonitis due to colonic perforation. Arch

Surg. 1993;128:814–8.

3. Shinkawa H, Yasuhara H, Naka S, Yanagie H, Nojiri T, Furuya

Y, et al. Factors affecting the early mortality of the patients with

nontraumatic colorectal perforation. Surg Today. 2003;33:13–7.

4. Vincent JL, Laterre PF, Cohen J, Burchardi H, Bruining H,

Lerma FA, et al. A pilot-controlled study of a polymyxin

B-immobilized hemoperfusion cartridge in patients with severe

sepsis secondary to intra-abdominal infection. Shock. 2005;23:

400–5.

5. Ono S, Tsujimoto H, Matsumoto A, Ikuta S, Kinoshita M,

Mochizuki H. Modulation of human leukocyte antigen-DR on

monocytes and CD16 on granulocytes in patients with septic

shock using hemoperfusion with polymyxin B-immobilized fiber.

Am J Surg. 2004;188:150–6.

6. Cruz DN, Perazella M, Bellomo R, de Cal M, Polanco N, Corradi

V, et al. Effectiveness of polymyxin B-immobilized fiber column

in sepsis: a systematic review. Crit Care. 2007. doi:10.1186/

cc5780.

7. Kojika M, Sato N, Yaegashi Y, Suzuki Y, Suzuki K, Nakae H,

et al. Endotoxin adsorption therapy for septic shock using poly-

myxin B-immobilized fibers (PMX): evaluation by high-sensi-

tivity endotoxin assay and measurement of the cytokine

production capacity. Ther Apher Dial. 2006;10:12–8.

8. Sato K, Maekawa H, Sakurada M, Orita H, Komatsu Y. Direct

hemoperfusion with polymyxin B immobilized fiber for abdom-

inal sepsis in Europe. Surg Today. 2011;41:754–60.

9. Akaike H. Information theory and an extension of the maximum

likelihood principle. In: Petrov BN, editor. Second International

Symposium on Information Theory. Budapest: Akademiai Kiado;

1973. p. 267–81.

10. Nagorney DN, Adson MA, Pemberton JH. Sigmoid diverticulitis

with perforation and generalized peritonitis. Dis Colon Rectum.

1985;28:71–5.

11. American College of Chest Physicians and Society of Critical

Care Medicine Consensus Conference. Definitions for sepsis and

organ failure and guidelines for the use of innovative therapies in

sepsis. Crit Care Med. 1992;20:864–75.

12. Rangel-Frausto MS, Pittet D, Costigan M, Hwang T, Davis CS,

Wenzel RP. The natural history of the systemic inflammatory

response syndrome (SIRS). A prospective study. JAMA. 1995;

273:117–23.

13. Smail N, Messiah A, Edouard A, Descorps-Declere A, Duranteau

J, Vigue B, et al. Role of systemic inflammatory response syn-

drome and infection in the occurrence of early multiple organ

dysfunction syndrome following severe trauma. Intensive Care

Med. 1995;21:813–6.

14. Pittet D, Rangel-Frausto MS, Li N, Costigan M, Rempe L, Jebson

P, et al. Systemic inflammatory response syndrome, sepsis, severe

sepsis and septic shock: incidence, morbidities and outcomes in

surgical ICU patients. Intensive Care Med. 1995;21:302–9.

15. Nishida K, Okinaga K, Miyazawa Y, Suzuki K, Tanaka M,

Hatano M, et al. Emergency abdominal surgery in patients aged

80 years and older. Surg Today. 2000;30:22–7.

16. Sun D, Aikawa N. The natural history of the systemic inflam-

matory response syndrome and the evaluation of SIRS criteria as

a predictor of severity in patients hospitalized through emergency

services. Keio J Med. 1999;48:28–37.

17. Knaus WA, Draper EA, Wagner DP, Zimmerman JE. APACHE

II: a severity of disease classification system. Crit Care Med.

1985;13:818–29.

18. Komatsu S, Shimomatsuya T, Nakajima M, Ono S, Maruhashi K.

Severity scoring systems for prognosis and efficacy of polymyxin

B-immobilized fiber treatment for colonic perforation. Surg

Today. 2006;36:807–10.

19. Horiuchi A, Watanabe Y, Doi T, Sato K, Yukumi S, Yoshida M,

et al. Evaluation of prognostic factors and scoring system in

colonic perforation. World J Gastroenterol. 2007;13:3228–31.

20. Ochiai T, Hiranuma S, Takiguchi N, Ito K, Kawaguchi A, Iwai T,

et al. SOFA score predicts postoperative outcome of patients with

colorectal perforation. Hepatogastroenterology. 2004;51:1007–10.

21. Komatsu S, Shimomatsuya T, Nakajima M, Amaya H, Kobuchi

T, Shiraishi S, et al. Prognostic factors and scoring system for

survival in colonic perforation. Hepatogastroenterology. 2005;52:

761–4.

22. Aoki H, Kodama M, Tani T, Hanasawa K. Treatment of sepsis by

extracorporeal elimination of endotoxin using polymyxin

B-immobilized fiber. Am J Surg. 1994;167:412–7.

23. Nemoto H, Nakamoto H, Okada H, Sugahara S, Moriwaki K,

Arai M, et al. Newly developed immobilized polymyxin B fibers

improve the survival of patients with sepsis. Blood Purif. 2001;

19:361–8.

24. Shimizu T, Hanasawa K, Tani T, Endo Y, Kurumi Y, Ikeda T,

et al. Changes in circulating levels of calcitonin gene-related

peptide and nitric oxide metabolites in septic patients during

direct hemoperfusion with polymyxin B-immobilized fiber.

Blood Purif. 2003;21:237–43.

25. Shimizu T, Hanazawa K, Sato K, Umeki M, Koga N, Naganuma

T, et al. Direct hemoperfusion with polymyxin-B-immobilized

fiber columns improves septic hypotension and reduces inflam-

matory mediators in septic patients with colorectal perforation.

Langenbecks Arch Surg. 2009;394:303–11.

26. Cruz DN, Antonelli M, Fumagalli R, Foltran F, Brienza N, Do-

nati A, et al. Early use of polymyxin B hemoperfusion in

abdominal septic shock. The EUPHAS randomized controlled

trial. JAMA. 2009;301:2445–52.

27. Vincent JL. Polymyxin B hemoperfusion and mortality in

abdominal septic shock. JAMA. 2009;302:1968.

Surg Today

123

http://dx.doi.org/10.1186/cc5780
http://dx.doi.org/10.1186/cc5780

	Analysis of the efficacy of direct hemoperfusion with polymyxin B-immobilized fiber (PMX-DHP) according to the prognostic factors in patients with colorectal perforation
	Abstract
	Purpose
	Methods
	Results
	Conclusion

	Introduction
	Methods
	Patient selection
	Clinicopathological factors
	PMX-DHP
	Therapeutic strategy for colorectal perforation
	Statistical analysis

	Results
	Patient characteristics
	Comparisons of clinicopathological factors between the survivor and non-survivor groups
	Cut-off values for the scores
	Prognostic factors for non-survival
	Comparison of the clinicopathological factors between the patients with and without PMX-DHP
	Comparison of the clinicopathological factors between the survivor and non-survivor groups among the patients with PMX-DHP
	The efficacy of PMX-DHP according to the APACHE II score

	Discussion
	Conflict of interest
	References


