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Abstract

AIM: To determine the most cost-effective hemofiltration
modality for early management of severe acute pancreatitis
(SAP) in China.

METHODS: We carried out a search of Pub-Medline
and Chinese Biomedical Disk database. Controlled
clinical trials on Chinese population were included in
the analysis. The four decision branches that were
analyzed were: continuous or long-term veno-venous
hemofiltration (CVVH/LVVH), short-term veno-venous
hemofiltration (SVVH), SVVH plus peritoneal dialysis (PD),
and non-hemofiltration control group. The effectiveness
of the technique was determined by survival rate,
complications prevention and surgery preservation. The
total cost of hospitalization was also assessed.

RESULTS: The SVVH only technique was the least
costly modality, $5809 (44449 RMB), and was selected
as the baseline treatment modality. SVVH only arm
achieved the lowest C/E ratio in terms of overall survival,
complications prevention and surgery preservation.
In incremental cost-effectiveness analysis, the CVVH/
LVVH only and the control arms were inferior to other
techniques. Sensitivity analysis showed SVVH only and
SVVH plus PD arms overlapped in C/survival ratio.

CONCLUSION: The role of early veno-venous
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hemofiltration as an alternative therapy for SAP remains
controversial. However, we propose that early use of
short-term high-volume veno-venous hemofiltration
would have a beneficial impact on the management of
SAP.

© 2008 WJG. All rights reserved.
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INTRODUCTION

Severe acute pancreatitis (SAP) is a grave illness
associated with serious pancreatic and systematic disease.
SAP is seen in nearly 20% of all patients with acute
pancreatitisl'l. Despite advances in the understanding of
the pathophysiology and management of acute pancreatitis
over the past several decades, the mortality rate of SAP
has not shown a substantial decrease, varying from
8%-15% to more than 30% in some studies . The main
factors that influence the poor outcome include systematic
inflammatory response syndrome (SIRS) in the early stages
(< 14 d) and infection of pancreatic and peri-pancreatic
necrotic tissue in the late stages (> 14 d), both of which
can precipitate secondary multi-organ deficiency syndrome
(MODS)P!. As some teports indicate, at least 50% of
deaths in the early stage of SAP are related to MODS,
and when three or more organs fail, the mortality rate
increases to 95%™°. Thus, efficient management duting
the eatly stages of the illness is important in improving the
prognosis.

Since 1991, veno-venous hemofiltration (VVH) has
been used in the initial management of SAPU. Several
studies have indicated that hemofiltration removes from
the circulation small and medium sized molecules that
stimulate the inflammatory cells. Alternatively, VVH
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may directly inhibit the cells that contribute to the
systematic response!”. The use of continuous veno-venous
hemofiltration (CVVH) has been assessed in a animal
model of SAP and was found to significantly improve
the survival time, when used both for therapeutic and
prophylactic treatment, especially the latter”. However,
the efficiency of treatment decreased with continuing
use of CVVH, suggesting that the filter membranes were
compromised by long-term application”. The current
consensus in Japan is to start CVVH soon after the onset
of SAP, and to use it continuously for 3-14 d, because
reduction in the chemical mediators, and improvement
in the respiratory function and the incidence of MODS
were motre obvious if the treatment was started eatly
rather than at a late stagel'”. However, there is no
consensus on how long CVVH should be used and when
it should be stopped. Therefore, eatly short-term veno-
venous hemofiltration (SVVH) modalities have been
examined, including the use of repeated SVVH (RSVVH),
intermittent SVVH (ISVVH) and single SVVH (SSVVH).
The time interval of hemofiltration plays an important
role in the treatment of SAP during its eatly stage. A
comparison of SVVH with prolonged time interval VVH,
and long-term veno-venous hemofiltration (LVVH) in
the treatment of SAP did not improve the prognosis
further but was associated with more side-effects!'".
Therefore, in the decision making process the benefits of
CVVH/LVVH and SVVH continue to be controvetsial.
In addition, it should be noted that peritoneal dialysis
(PD) is another approach to the treatment of SAP as it
removes dialyzable toxins and reduces severe metabolic
disturbances!"?. In China, PD has also been used as an
additional therapy with early SVVH. Clinical studies in
China have reported that the use of eatly SVVH plus PD
results in better prognosis of SAP, since cytokines such as
TNE, IL-6 and IL-8 can be removed effectively from the
circulation by these techniques!*.

In China, which is a developing country with a huge
population and relatively low income, the use of ecarly
CVVH/LVVH carties a great economic burden because
of its high cost. For this reason, eatly SVVH may be more
acceptable. However, which one of these therapeutic
modalities provides reasonable effectiveness at a lower
cost needs to be further explored. The present cost-
effectiveness analysis is based on a review of the literature,
with a view to determine as to which approach is the most
cost-effective treatment of SAP in China.

MATERIALS AND METHODS
The model

The cost-effectiveness analysis was based on a decision
tree designed to simulate a simplified clinical course of
SAP treated with or without eatly VVH (Figure 1). In the
general structure of the tree, there were four intervention
decision arms: conventional therapy without hemofiltration
(control arm), conventional therapy combined with carly
CVVH or LVVH (CVVH/LVVH only), SVVH only, and
SVVH plus PD. All the hemofiltration modalities were
started in the early stage of SAP, generally 3-5 d after onset
of the disease.

Survival

CVVH/LVVH only

Death

d

Survival

SVVH only

Death

)

SAP

Survival
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Death
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Figure 1 Decision tree of early hemofiltration for SAP.

Effectiveness data

The primary effectiveness variable was overall survival
rate. The secondary effectiveness variables were the
overall complication prevention rate and overall surgery
preservation rate since complications and surgery were the
factors most likely to increase the cost of hospitalization.
The complications analyzed included severe local and
systematic infections, and MODS. Surgery was mainly
performed for necrosectomy. Thus, the primary clinical
outcome measutre was survival (alive = 1, death = 0), while
the secondary outcome measures were complications
(none = 1, occurrence = 0) and surgery (no = 1, yes = 0).
The specified probabilities were retrieved from our
previous systematic review (Table 1),

Cost data

The direct health care cost, i.c. total cost of hospitalization
(currency, RMB), was calculated as mean £ SD obtained
from each of the studies, and the weighted costs were
combined by the formula X(y7)/X(n), of which y = total
cost of hospitalization, » = number of assigned patients
in any of the intervention arms, and 7 = number of
included studies. All the costs were converted to the price
index as of 2005, taking into account the annual increase
in the Chinese prices, i.e. 1.0% in 1999-2000, 2000-2001,
2001-2002 and 2002-2003, 1.2% in 2003-2004, and 3.9%
in 2004-2005"1, One RMB was converted to 0.130688
U.S. dollars.

Literature search and selection

We searched Pub-Medline and Chinese Biomedical Disk
(CBMdisc) database from 1990 to 2006. The search
strategy was combining the subheading and text words
hemofiltration and pancreatitis. The studies based on
Chinese population were selected regardless of the
language. All patients were diagnosed to have SAP
based on the Atlanta classification, APACHE 1I score
> 8, Ranson score > 3, or Balthazar CT grading of D
or E. All clinical studies which assessed cost comparing
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Table 1 Outcomes based on a previous systematic review!'*!

Outcomes CVVH /LVVH only SVVH only SVVH plus PD Control

Overall mortality rate (%, ratio) 0.149 40/47 0.058 129/137 0.147 29/34 0.179 322/392
Survival rate (%) 0.851 0.942 0.853 0.821

Overall complications rate (%, ratio) 0.267 4/15 0.208 15/72 0.157 8/51 0.412 120/291
Complications prevention rate (%) 0.733 0.792 0.843 0.588

Surgery rate (%, ratio) 0.075 3/40 0.016 1/62 0.082 5/61 0.294 58/197
Surgery preservation rate (%) 0.925 0.984 0.918 0.706

CVVH: Continuous veno-venous hemofiltration; LVVH: Long-term veno-venous hemofiltration; SVVH: Short-term veno-venous hemofiltration; PD: Peritoneal
dialysis.

Table 2 Total hospitalization costs obtained from published Chinese articles (10000 RMB)

Study Refence CVVH/LVVH only SVVH only SVVH plus PD Control

Mean SD n Mean SD n Mean SD n Mean SD n
Mao EQ 1999 [23] - - - 5.32 1.6 10 - - - 8.91 25 10
Mao EQ 2003 [19] 13.7 10.5 16 5.66 5.64 20 - - - - - -
Feng GH 2004 [21] - - - - - - 6.1 1.9 25 9.4 3.1 15
Yang FF 2005 [24] . = 5 . . . 58 22 36 10.2 43 64
Zhang T 2005 [25] - - - 3.29 1.279 38 - - - 6.884 4.868 71

CVVH: Continuous veno-venous hemofiltration; LVVH: Long-term veno-venous hemofiltration; SVVH: Short-term veno-venous hemofiltration; PD: Peritoneal

dialysis.
Table 3 Weighted total hospitalization costs
Modalities Cost (C)' Incremental cost (AC)?

WM Max Min WMD

CVVH/LVVH only $18826 (144051 RMB) $33254 (254455 RMB) $4397 (33647 RMB) $13017 (99602 RMB)
SVVH only $5809 (44449 RMB) $9359 (71613 RMB) $2259 (17286 RMB)
SVVH plus PD $7868 (60205 RMB) $10622 (81279 RMB) $5114 (39130 RMB) $2059 (15756 RMB)
Control $11317 (86597 RMB) $17006 (130128 RMB) $5628 (43066 RMB) $5508 (42148 RMB)

'All the costs were converted to 2005 price before combination. *SVVH only, the least costly arm, was selected as common baseline for other arms to reference to.
WM: Weighted mean; WMD: Weighted mean difference; CVVH: Continuous veno-venous hemofiltration; LVVH: Long-term veno-venous hemofiltration; SVVH:
Short-term veno-venous hemofiltration; PD: Peritoneal dialysis.

hemofiltration with either a control group or another showed that the overall mortality rate was significantly
treatment modality were eligible for inclusion in the reduced in the hemofiltration group [RR = 0.49, 95% CI
analysis. (0.32, 0.74), P = 0.0008]"". The specified probabilities of

the clinical outcomes of each treatment arm were retrieved
Statistical analysis based on the sub-group analysis of the systematic treview.

TreeAge Pro Healthcare 2006 software was used in  The overall survival rates improved in the CVVH/LVVH
modeling and analyses. Both the cost-effectiveness only, SVVH only and SVVH plus PD arms by diverse

analyses and the incremental cost-effectiveness analyses extent (Table 1). Five controlled studies from 4 Chinese
were examined, with C/E ratio and incremental C/E medical institutions which provided the data on cost were
(AC/AE) ratio calculated separately. The treatment arm  included in the present analysis!'""'>'*", and the detailed
with the lowest cost was selected as the common baseline ~ data were extracted and combined (Tables 2 and 3).
for comparison with other treatment arms. If there was  Interestingly, both SVVH only and SVVH plus PD
uncertainty with regard to decision making, sensitivity reduced the total cost of hospitalization compared with

analysis was carried out by alternating the variables to  the control arm, while the CVVH/LVVH only approach
maximal and minimal limits (two-way), including the total ~ was the most costly. By contrast, the SVVH only approach
cost of hospitalization and overall survival rate. was the least costly arm, and was therefore selected as
the baseline for the purpose of comparing the cost-
effectiveness and incremental cost-effectiveness with the
other treatment arms.

RESULTS

Our previous systematic review analyzed 10 randomized
controlled trials and 6 clinical controlled trials comprising ~ Cost-effectiveness analysis
of a total of 891 Chinese patients!"!l. The meta-analysis In the cost-effectiveness analysis, the lowest ratios C/
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survival rate, C/complication prevention rate and C/
surgery preservation rate were $6167 (47186 RMB), $7334
(56122 RMB) and $5903 (45172 RMB) respectively in
SVVH only arm. These findings indicate that a patient
treated with SVVH would pay an additional $62 (472
RMB), $73 (561 RMB) and $59 (452 RMB) respectively to
gain 1% higher probability of each benefit. To summarize,
the cost-effectiveness analysis can be ranked in the order
of superior to inferior as SVVH only, SVVH plus PD,
control and CVVH/LVVH only (Table 4).

In incremental cost-effectiveness analysis, the CVVH/
LVVH only, SVVH plus PD and control arms were
inferior to SVVH only arm in outcomes of overall survival
and overall surgery preservation, while the CVWH/LVVH
only and control arms were inferior to SVVH only and
SVVH plus PD arms in the aspect of overall complication
ptevention (Table 4, Figure 2). The incremental C/
complication prevention ratio of SVVH plus PD arm
was $40385 (308941 RMB), which suggest that a patient
treated with SVVH plus PD will pay an additional $404
(3089 RMB) compared to SVVH only to obtain a 1%
higher probability of preventing complications.

Sensitivity analysis

SVVH plus PD was the closest to SVVH only in both
cost and effectiveness. Therefore, we performed sensitivity
analysis to compare SVVH only and SVVH plus PD
arms by changing the survival rate and cost in their
ranges (Figure 3). The variable range of survival rates of
SVVH only and SVVH plus PD arms were 0.900-1.000
and 0.853-1.000 respectively, which were retrieved from
our previous meta-analysisl'¥. The range of cost is listed
in Table 3. It is clear that there is overlapping in the
variable areas of the two modalities. The minimal and
maximal C/survival rate ratios were $2259 (17286 RMB) -
$10399 (79570 RMB) and $5114 (39130 RMB) - $12453
(95286 RMB) in SVVH only and SVVH plus PD arms
respectively. If in area A, SVVH only was superior to
SVVH plus PD modality, the ratio of C/sutvival rate was
less than $5114 (39130 RMB). By contrast, if in area B,
SVVH plus PD was inferior to SVVH only, the ratio of
C/sutvival rate was more than $10399 (79570 RMB).

DISCUSSION

Persistent SIRS, which is an early sign of SAP, is associated
with MODS and even death™. About 50% of deaths in
patients with SAP occur in the early stage of the disease;
these patients experience a severe initial attack and develop
an exaggerated SIRS with the development of MODS and
death?, Therefore, several treatment modalities which
target the inflammatory response in patients with SAP
have been under consideration®!.

The onset and subsequent rapid deterioration seen
in SAP is likely due to the over-production of pro-
inflammatory cytokines, which are considered critical to
the pathogenesis of the disease!!. Thus, cytokines detived
from macrophages are believed to play an integral role in
the evolution of acute pancreatitis™. It has been suggested
that the local pancreatic lesion activates macrophages to
release pro-inflaimmatory cytokines!"**l. This results in an

1875

Subsets CVVH/LVVH SVVH SVVH Control
only only plus PD

C/Survival $22122 $6167 $9224 $13785
C/Complication $25683 $7334 $9333 $19247
prevention
C/Surgery $20352 $5903 $8571 $16030
preservation
AC/ ASurvival Dominated - Dominated Dominated
AC/AComplication Dominated - $40375  Dominated
prévention
AC/ASurgery Dominated - Dominated Dominated
preservation

CVVH: Continuous veno-venous hemofiltration; LVVH: Long-term veno-
venous hemofiltration; SVVH: Short-term veno-venous hemofiltration. SVVH
only, the least costly arm, was selected as common baseline for other arms to
reference to; PD: Peritoneal dialysis.

imbalance between pro- and anti-inflammatory cytokines,
resulting in the development of SIRS. Some mediators,
such as TNF-alpha, phospholipase, and kinin, are increased
greatly in animal models of SAPP), and some studies have
shown that there is a significant correlation between the
serum levels of IL.-1-beta, I1.-6, 11.-8, I1.-10 and IL.-11
and the severity of acute pancreatitis®*". Animal studies
have shown that eatly blockade of the cytokine cascade at
the level of the IL-1 receptor significantly decreases the
severity of pancreatitis and intrinsic pancreatic damage, as
well as the mortality from SAPP*¥\. Several antagonists of
the inflammatory mediators have been used successfully
in the laboratory setting and are currently being examined
in prospective randomized trialsP. The effectiveness of
any antagonist depends not only on its ability to block
the effects of the inflammatory mediators but also on
its administration early enough in the course of the
disease, before pancreatic necrosis and organ dysfunction
sets inP’. Thus, the inhibition of the cytokine cascade
should potentially alleviate the pancreatic and systematic
inflammation and improve the outcome of SAP.

The present cost analysis was carried out to determine
the most economical and effective hemofiltration modality
in China. CVVH has been considered as a potentially
effective approach in the management SAP for nearly a
decade. However, in China, both CVVH and LVVH are
too costly for the common public. Thus, the less costly
approach, SVVH was analyzed. Several clinical studies
of SVVH administrated to patients with SAP in the early
stage of the disease have been carried out in various
institutions in China. However, these studies had limited
scale of participation, were methodologically of poor
quality (only a few studies were randomized) and very few
discussed the cost outcomes. Therefore, our results may be
biased by these confounding factors.

Our previous meta-analysis, based on controlled
trials carried out in China indicated that early SVVH was
effective and safe for SAP, but the efficacy of CVVH/
LVVH could not be proven™. Our initial findings
inspired us to explore further the role of other treatment
modalities in decision making. The results of the present
analysis showed that SVVH is the most suitable approach

www.wjgnet.com



1876 ISSN 1007-9327  CN 14-1219/R  World J Gastroenterol ~March 28, 2008 Volume 14  Number 12
A CVVH/LWH only & SVVH only < SVVH plus PD A Control
A $20K B $20K C 3$20K 1
o A A A
8
&
E $ 15K r $ 15K $ 15K +
£
:‘§
£ A A A
8 $10K f $ 10K - $ 10K
b
o / &
* *
$ 5K L L L | $ 5K L L L | $ 5K L L L |
0.800 0.850 0.900 0.950 1.000 0.500 0.600 0.700 0.800 0.900 0.600 0.700 0.800 0.900 1.000

Overall survival rate

Overall complications prevention rate

Overall surgery preservation rate

Figure 2 Cost-effectiveness analysis plots. A: Cost-survival ratio; B: Cost-complications prevention ratio; C: Cost-surgery preservation ratio.

in the treatment of SAP in China. The use of SVVH only
would result in the best clinical outcome with reduction
in the overall mortality, and prevention of complications
and surgery. Furthermore, SVVH only modality is
the least costly compared to other treatment options,
including CVVH/LVVH only, SVVH plus PD and non-
hemofiltration modalities. The CVVH/LVVH only and
non-hemofiltration modalities were surpassed by SVVH
only. The SVVH plus PD modality was fairly close to
SVVH only in efficacy and cost, but SVVH was superior.
However, the sensitivity analysis showed overlapping of
the cost-effectiveness ratio between SVVH only and SVVH
plus PD modalities. These findings suggest that SVVH is
not entirely superior to SVVH plus PD, and SVVH plus
PD should be considered as a suitable alternative option
in China, and requires further investigation about its cost-
effectiveness.

The timing of hemofiltration is considered as a critical
factor in the outcome of patients with SIRS or sepsis. The
subset of patients with these complications may benefit
from the use of eatly short-term pulse hemofiltration®.
The use of LVVH did not improve the prognosis but was
associated with more side-effects than SVVH!'!. Another
factor which may influence the outcome of patients with
SIRS or sepsis is the ultrafiltration rate. It has been noted
that the beneficial effects are greater with “very high”
ultrafiltration rates (= 100 mL/kg per hour)P!.

The benefit of VVH remains to be defined as an
alternative therapy for SAP with SIRS or sepsis. A definite
conclusion cannot be drawn because the studies have been
small, are of poor quality and are heterogeneous in nature.
Thus, there is no evidence in humans to recommend the
use of VVH as an adjuvant therapy in patients with SAP.
There continues to be uncertainty about the absolute
indication, timing interval, dosing volume and the type of
membrane required. Therefore, more randomized clinical
trials are required before definite recommendations can
be made about the clinical management of SAP. However,
based on the present cost-effectiveness analysis in China,
we suggest that the use of early short-term high-volume
VVH is likely to play an important role in the management
sevete acute pancreatitis accompanied with SIRS, sepsis or
organ failure.

www.wjgnet.com

$12K
- SVVH only
v
S $8KH
c
k<]
g
© SVVH plus PD
- |\ . _ _ _ _ _ _ _
8 - == ===
o I
5 $4K
Q

$ OK | | |
0.850 0.900 0.950 1.000

Overall survival rate

Figure 3 Two way sensitivity analysis of C/E ratio between SVVH only and SVVH
plus PD modalities.

COMMENTS

Background

Nearly 50% of deaths in severe acute pancreatitis (SAP) occur during the early
stage of the disease. These patients experience a severe initial attack and
develop an exaggerated systemic inflammatory response syndrome (SIRS), with
the development of multiple organ dysfunction syndrome (MODS) and death.
Therefore, the role for therapy targeting the inflammatory response in SAP has
been under much consideration recently.

Research frontiers

The onset and the poor outcome of SAP is likely due to the over-production of pro-
inflammatory cytokines, which is considered as the critical factor in this condition.
Inhibition of the cytokine cascade should potentially alleviate the pancreatic and
systematic inflammatory response, and improve the outcome of SAP. Thus, veno-
venous hemofiltration which can effectively eliminate the cytokines, has been used
in the early management of SAP. Several different modalities of hemofiltration
are available, but their effectiveness is controversial. In particular, expensive
treatments should be used with much discretion in China, a developing country.

Innovations and breakthroughs

Based on our previous meta-analysis, early veno-venous hemofiltration may
significantly reduce the overall mortality compared to no treatment. Analysis
of different modalities showed that continuous or long-term veno-venous
hemofiltration (CVVH/LVVH) and short-term veno-venous hemofiltration plus
peritoneal dialysis (SVVH + PD) do not reduce the mortality significantly, whereas
short-term only modality (SVVH only) was superior to other treatments in this
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respect. A cost-effectiveness analysis based on the Chinese literature showed
that SVVH only was the most cost-effective modality in reducing mortality, and in
preventing complications and surgery. It can be implied that the timing of veno-
venous hemofiltration should be regarded as a critical factor in the outcome of
patients with SIRS or sepsis.

Applications

Early veno-venous hemofiltration is considered as an effective alternative therapy
for SAP, although it is expensive for the general population in China. Based on
the current evidence, hemofiltration can control to a certain extent SIRS and even
MODS, if used during the early stage of the disease, with SVVH only the most
cost-effective modality in China. We believe that early short-term high-volume
veno-venous hemofiltration will play an important role in the management of SAP
with SIRS, sepsis or organ failure.

Terminology

Severe acute pancreatitis (SAP) is a serious disease with intense pancreatic and
systematic inflammation, seen in about 20% of patients with acute pancreatitis.
Veno-venous hemofiltration removes waste products including cytokines by
passing the blood through extracorporeal filters in the veno-venous access, which
is categorized as continuous, long-term and short-term modalities based on the
duration of hemofiltration.

Peer review
It is a well written article dealing with the cost-effective of veno-venous
hemofiltration in the early treatment of SAP.
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