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Jo- ABSTRACT Objective: To determine if clrcuit life Is influenced by a higher pre-dilution volume used in
ke CVVH whern compared with a lower pre-dilution volume approach in CYVHDE
nat Design: A comparative crassover study. Cases were randomized to receive either CVVH or CVVHDF
followed by the afternative treatment.
;Jé" Subijects: Al patienis = 18 yrs of age who required CRRT whife in ICU were eligible fo participate, but ex-
nly; cluded if coagulopathic, thromboceytopenic or unable to receive heparin. Based on an intention-to-freat,
id- 45 patients were randomized ta receive either CYWH or CWWHDF followed by the alternative freatment.

Setting: A 24-bed, tertiary, medical and surgical adult intensive care unit (ICU).

Intervention: Blood flow rate, vas;uiaracceés device and insertion site, hemofilter, anticoagulation and
machine hardware were standardized. An ultrafilirate dose of 35 mif kg/h delivered pre-fifter was used
for CVVH. A fixed pre-dilution volume of 600 mis/h with a dialysate dose of 1 L was used for CYWHDF
Results: Thirty-one patients received CYVH or CVVHDF out of 45 participants followed by the alternative
technigue. There was a significant increase in circuwit life in favor of CYWVHDF (median=16 h § min,
range=40 h 23 min) compared with CVVH (median=6 h 35 min, rangs=30 h 45 min). A Mann-Whitney U
test was performed to compare circuit life between the two different CRRT modes (Z=-3.478, p<0.007).
Measurements of circuit life on the 93 clrcuits which survived to clotting (50 CVVH and 43 EVVHDF)
were log transformed prior io under taking a standard multiple regression analysis. None of the indepen-
dent variables - activated prothrombin time (aPTT}, platelet count, heparin dose, patient hematocrit or
urea - had a cosfficient partial correlation >0.08 (coefficient of the determination=0.117) or a finear rela-
tionship which could be assaciated with circuit life (p=0.228).

Conclusion: Pre-difuted CYVHDF appearad to have a fonger circuit life when compared to high volume
pre-diluted CVWH, The choice of CRRT mode may be an important independent determinant of circuit
life. (int J Artif Organs 2008; 31: 221-7)
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nuous Veno-Venous Hemofiltration (CVVH) and Conti-

NTRODUCTION

Continuous Renal Replacement Therapy (CRRT) isan
stablished treatment option widely used in different re-
ions of the world for critically Hl patients with severe
cute Renal Failure (ARF) {1). The technigues of Conti-

nuous Veno-Venous Hemodiafiltration (CVVHDF) both
effectively manage the removal of solutes and excessive
fiuid in the critically il patient to achieve metabolic and
fivid volume control (2). Both modes are widely used in
clinical practice (3, 4), however, the effectiveness of the-
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se freatments for renal supporst is dependent on maintai-
ning continuity of therapy. It has been reported that the
ability to stabilize urea and creatinine plasma concentra-
tions with CVVH was threatened when actual delivered
treatment time within & 24-hour cycle was less than 16
hours (5). A reduction in solute clearance due to inadequa-
te circuit life was a possible factor influencing the clinical
course and mortality of critically il patients {6). A definition
as to what is an adequate circult life has not besn determi-
ned, but experience coupled with reported findings sug-
gests 18 to 20 hours is sufficient to achieve adequate solu-
te and fluid removal and manage the demand on nursing
time and the expense of resetting the circuit (7-10}).

The majority of incidents which interrupt the conti-
nuous nature of CRRT are caused by circuit clotting whi-
ch follows blood exposure to non-biological surfaces {5,
11, 12). When delivering CRRT, the.reliability of blood
flow from the vascular access (13), the use of anticoagu-
tant agents (14), and the replacement of flutd in the pre-
dilution mode (15, 16) have been identified as useful
strategies which can delay clotting and Improve the du-
ration of circuit life. Several authors have also sugge-
sted the selection of convection-based (CVVH]} versus
diffuslon-based (CVVHDF} CRRT modes may affect ¢ir-
cuit life (17-20). In a retrospective analysis of circuit sur-
vival time between Continuous Arterio-Venous Hemofil-
tration (CAVH) and Continuous Arterio-Venous Hemo-
diafiltration (CAVHDF) no difference in circuit life was
observed {21). To our knowledge the question of
whether differences in the mode of CRRT affects circuit
life has not been investigated using a prospective ran-
domized, controfied study. The aim of this study was to
investigate whether circuit life is influenced by the hi-
gher pre-dilution volume technique of CVVH when com-
pared with the lower pre-dilution volume diffusion based
approach of CVVHDF.

MATERIALS AND METHODS

This study was granted ethical approval by the Hu-
man Research Ethics Committee at Royal Perth Hospi-
tal, which operates under guidelines consistent with
those issued by the National Health and Medical Re-
search Councll (NHMRC) on research involving humans
(22). Informed written consent was obtained from pa-
tients wheraver possible prior {o enrolment, otherwise
consent was sought from the patient’s next-of-kin.

Fatient selection

Any patient >18 years of age admitied to the adult intensive
care unit ({CU) requiring CRRT was eligible for inclusion. Pa-~
tients unable to receive the unit standard heparin regimen for
anticoagutation of the extracorporeal circuit, such as recent
trauma or surgical intervention, an existing coagulopathy
(aPTT>80 s, INR>3) and/or thrombocytopenia (platelet
count<50x10%L) were exciuded. information relating to age,
gender, admission dlagnoses and reason for CRRAT was ob-
talned on all patients who were enrolled in the study.

Design

The impact of higher volume predilution CVVH versus
CVVHDF on circuit life was investigated using a randomized
crossover study design. Patients participating in the trial were
randomly selected to receive either GVVH or CVVHDF and
thereafter alternated sequentially between the two technl-
ques until a crossover had occurred and the Hife of both cir-
cuits had been reached, The primary end-point was circuit i~
fe, which was measured from the time of commencement to
the point of spontaneous clrcuit failure. Spontaneous circuit
fallure was defined as visual evidence of clot formation within
the filter and/or venous chamber in assoclation with a pro-
gressive rise in blood pressure to 250 mmHg as meastred by
the in-line circuit manometer, Gircuit life could not be determi-
ned if the circuit was taken down electively due to:
«problems with vascular aceess or hemodynamic instability,
» procedures which required the patient to betransporied out-

side of the unit,
.clinical reasons such as return of urinary output,
«orif death of the patient had accurred.

The deslgn of the study used each patient as the control to
measure the effects of higher pre-diiution volume CVVH and
CVVHDE on circuit life. Only one crossover was undertaken
for each patient. Circuit failurs on both modes were analyzed
in patients who either complated the crossover or when cie-
cuit faiture occurred in isclation to the other modse.

Technique

An ultrafiltrate dose of 35 mis/kg/h delivered pre-hemofilter
was used for GYVH, A fixed pre-dilution volume of 600 misft
replacement fluid with a dialysate dose of 1 I/h was used for
GVVHDF The same dialysate and replacement fluids were.
used during both crossover perlods in the same patients: M

st patients received lactate-based solutions {Hemofiltratio™
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Replacement Fluid, Baxtar Health Care, Sydney, Australia).
Some patients, who tended to be acidotic, received lactate-
frée bicarbonate-buffered solutions (Hemasol, Gambro, Syd-
ﬁey, Australia), Blood flow was set between 150-200 mis/min.
Routine blood samples were collected daily from a separate
arterial line and aPTT, INR, platelet count, hematocrit, urea
and creatinine plasma serum levels recorded The laboratory
values collected represented a dally record of the patient's
biochemical progress and were not Intended as a reflection
on the efficiency of each treatment modality.

" The Kimal™ semi-automated CRRT machine (Kimal Plc,
Middiesex, England) was used to perform both CVWH and
CWHDE Circuit components, including hemofiiter {Nephral
300ST ANGY membrane; Hospal, Lyon, France), were the sa-
me for both treatment modalities except inthe provision of the
dialytic compaonent for CVWHDE

Anticoagulation

' Low-dose heparin anticoagulation of the circuit was used
for both GVWH and CVVHDF, A continuous heparin infusion of
10,000 IU difuted in 50 mis of 5% dextrose using a separate
gyringe driver was delivered pre-hemofilter based on 8-10
{U/kg/h and adjusted to maintain an aPTT of 40 to 55 se-
conds. The amotnt of heparin delivered during the life of each
" circuit was recorded.

Vascular access site and catheter device

Vascular access was achieved using non-cuffed, non-tun-
neled, dual-iumen catheters with a gauge skze of 11 or 12to
access blood from the subclavian, internal jugular or femoral
central veins. Inthe event of problems associated with vascu-
lar access, manipulation of the catheter and flushing of the lu-
men fo achieve a blood flow > 150 mis/min was allowed. If at
any stage the vascular access site and catheter device chan-
ged, the process of treatment randormization was repeated
’ -Untif both modalities had been evaluated using the same site
. and catheter,

Statistical analysis

Past experience with pre-dilution CVVHDF at the study
site had recorded a mean circult life of 16.2 hand a 5D of
+18.4 h (23). This provided a reference point on which to

base sample size estimation. In order to detect a mean dif-
farence of 4 h and assuming a 8D of 13.5 k, a sample size of
30 patients was required to give a power of 80%. Measura-
ments of circuit life were log transformed using "In" (base-
e logarithm) as data was not normally distributed. A multi-
ple finear regression analysis was undertaken using the
coefficient of the determination, Pearson and Spearman’s
statistical correlation tests, with circuit life against aPTT,
platelet count, heparin dose, patient hematocrit and urea.
A Kaplan-Meier survival analysis was used to determine
the cumulative effect and probability of circuit durability
over time and to detect survival curves for CVVH and
CVVHDF circuits. A p-vaiue <0.05 was considered stali-
stically significant.

RESULTS

A total of 45 patients were randomized to receive CVVH
and CVVHDF between December 2004 and Juty 2008. They
included patients with a primary admission diagnosls of
pnetsmonia (12), septic shock (), coronary artery bypass
grafting and/or valve reptacement (8), cardiogenic shock (5),
multiple trauma (3), acute pancreatitis (2), resection of ische-
mic bowel {2), repair of ruptured abdominal aortic aneurysm
{2), hepatic failure (1) and acute on chronic renal failure (). All
patients required mechanical ventilation and the severity of
iliness was evaluated using the Acute Physiology and Ghro-
nic: Health Evaiuation (APACHE 1) worst in first 24-hour sco-
re (Mean=25.53, SD=+ €.20). Oliguria was the main reason
for the Instigation of CRART {21), followed by hyperkalemia
(9), metabolic acidosis (7), fluid overload (5) and uremia (3)-
Treatment adequacy was reviewed dafly based on clinical
and biochemical assessment, No detrimental difference
was observed in the controf of urea and creatinine plasma
concentrations and in the restoration of blood pH and fluid
balance when patients were treated with either GVVH or
CVVHDF. Data on crossover and non-crossover patient cha-
racteristics are presented in Table .

As a result of circuits taken down for other reasons besi-
des clotting, out of the 45 patients enrolled, crossover to
the alternative mode was not possible in 14 cases. This was
due to death (3 patients), violatlons In study protocols (2 pa-
tients), stabilization of the patient's condition allowing tran-
sfar out of the unit {1 patient), or because assessment of cir-
cuit life in the crossover freatment was not possible due to
elective discontinuation (8 patients). Clotting of the circuit in
the remaining 31 patients occurred sequentially. The main
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Insertion sites used for vascular access included the femo-
rat vein (18} followed by subgtavian (8) and intemal jugular
{5} veins. During each modality, vascular access allowed
both techniques to operate at a blood flow rate between
150 to 200 mis/min.

The difference in circuit life between both technigues of
the 31 paired circuits is illustrated in Figure 1. For patient
Number 1 the difference In circuit life was in favor of
CVVHDF with an extended circuit life of 536 minutes (8 h
and 56 mins}. For patient Number 13 the difference in circuit
lengevity was in favor of CVVH with arecorded circuit iife of
320 minutes {5 hand 20 mins). In 25 patients, CYWHDF was
observed to extend circuit life, while extended circuit life in
favor of CVVH only occurred in 6 patients. The mean gircuit

Difference in minutes
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Fig. 1 - This bar chart displays the difference In clreuit Iife betwean
CVVH and CVVHDF for 31 patients who received both techniques se-
guentially and spontaneous circult failure cceurring due to clotting.

TABLE1 - CHARACTERISTICS OF THE 45 PATIENTS WHO

PAHTICIPATED IN THE STUDY

- Non-Grossover

. Crossover
Palients. Patients -
Number of Patients 31 14
Sex (Male / Female) 2417 5/9
Mean Age and 8D 5672172 606112
Mean Body Welght (Kg} and SD 8B.2 £17.7 BY G147

life for CVWHDF was 18 hours 42 minutes (SD=+ 13 h 3
mins), with a median circuit life 16 hours 5 minutes and a
range of 40 hours 23 minutes The mean circuit life for
CVVH was 8 hours 33 minutes (SD=+5 h 35 mins), with a
median circuit life of 6 hours 35 minutes and a range of 30
hours 45 minutes. A Mann-Whitney U Test of the 31 paired
comparisons showed the difference in circuit life between
CVVHDF and CVVH was statistically significant (Z=-3.48,
p<0.001). At the start of each crossover no mode was re-
peatedly chosen over another (CYVHDF n=15, CVVH

=186}, nor did the order reverse the difference in circuit life
between CVVHDF (mean=19 h 55 mins; SD=+14 h 7 ming;
median=16 h 5 mins; range=40 h 23 mins} and CVVH
{mean=7 h 45 mins; $D+3 h 16 mins; median=6 h 30 mins;
range=11 h 31 mins). The aPTT value was cbserved to he
comparable during CVVH (mean=44.2; 8D+11.9) and
CVWHDF (mean=44.8; SD+11.3).

A Kaplan-Meier survival analysis was undertaken to esti-
mate the probabiiity of circuit survival time between the two
treatment maodalities and was performed on 83 circuits (50
CVVH and 43 CVVHDF) which had survived to clotting
either as part of a crossover {62 circuits) or, when circuit fai-
lure had ocourred In Isolation (31 circuits). The circuit time of
980 minutes (16 h) was used as the truncatlon point for cir-
cuit stirvival. This time was derived from our past clinlcal re-
cords using CVVHDF and represented a measurement of
circuit life which has been reported by others using CVVH
as sufficient to ensure adequate treatment is delivered (5},
As shown in Figure 2, at 960 minutes there was a 5% survi-
val rate for CVVH circuits compared to a survival rate of
50% for CVWHDF circuits.

A muitiple linear regression analysis was parformed on
the same data set of 93 circuits following “In" (base-e loga-
rithm) transformation of circult life measurements to achie-
ve distribution normatity. The regression analysis was un-
dertaken to determine whether circuit life was influenced by
differences in treatment modality {CVVH or CYVHDF) rather
than the effect of Independent variables- aPTT, platelets,
heparin dose, patient hematocrit ar urea. None of the Inde-
pendent variables had a partial correlation coefficient value
>{).08 against the dependent variable of circuit life, The de-
gree of variability in circuit life attributed to the independent
variables was small (coefficient of the determina-
tion=0.117, p=0.228)} and not statistically significant as
shown in Table Il. No significant correlations were shown
between the dependent and trdependent variables when
the alternative non-parametric Spearman’s rank corretation
coefficient was calculated {p>0.05).
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TABLE Il - MODEL SUMMARY OF THE MULTIPLE LINEAR REGRESSION ANALYSIS

Model R RSquare  Std. Errorof the Estimate

Su‘m:o_f ngé‘res df Mean Sﬁ'uaré F Sig

0342 0117 0633

Total

0.574
0-401

Regression 2.B70 5 1432 0.228
Residual  21.641 54

24.511 59

DISCUSSION

in considering our results, despite an increase in the di-
jution of blood associated with a higher volume of repla-
cement fluid, CVYVH in the pre-dilution mode showed a
statistically significant reduction in circuit life compared
to CVVHDEFE. The difference was substantial and clinically
significant in terms of its potential to increase the propor-
tion of time in which patients on CRAT are actually recel-
ving treatment. A similar observation to ours was made
by Ricci and associates in a recent prospective compara-
tive crossover study. The authors recorded a significantly
jonger circuit fife during continuous veno-venous hemo-
dialysis (CVVHD} when compared with circuits exposed
to CVVH (24).

The survival of circuits using pre-diiution CVYVH in our
study was lower than reported In other studies using this
mode of CRRT (13, 186). The reason for this is uncertain.
Many patients were admitted following trauma or surgery
which may have led to cautious anticoagulation of the cir-
cuit and the choice of smaller gauge size vascular access
catheter. However, the circuit life observed with pre-dilution
CVVHDF was similar to the unit's previous experience and a
duration which is reported by others as consistent with
treatment efficacy (5). This suggests the approach and ma-
nagement of patients requiring CRRT using both approa-
ches had not differed from our usual practice. The survival
of some CVVH circuits was comparable with circuit life for
CVVHDF as shown in Figure 1. Instead of a gradual impro-
-vement in clrouilt life which might have suggested Inexpe-
-rience as a confounding factor, the occurrence of longer cir-
cult life using CVYVH when compared with GVVHDF was
.evenly distributed throughout the duratlon of the study.
- The superior circuit life observed with CVVHDF could in
theory be explained by the mechanisms of solute and pla-
‘sma water removal. The larger plasma fluid passage in
CVVH might result In greater protein adsorption and fouling
“of the membrane, while increased blood-filter membrane
‘interaction may lead to more hemostatic activation and the
‘development of blood clots. In contrast, diffusive mechani-
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Fig. 2 - A Kaplan-Meier plot displaying the cumufative survival compa-
rison of circuitlife between CVVH and CVWHDF In the 93 circuits which
survived to clofting .

ams employed in CVVHDF do not require the same level of
plasma water removal and degree of membrane interac-
tion, This occurs without compromising the ability of
CVVHDF to achieve a similar solute clearance rate for smal-
ler molecular weight substances compared to convective
mechanisms associated with CVVH. The effect of convec-
tion during intermittent hemoflltration and hemodiafiitration
was shown to be associated with increased procoagulatory
activity when comparad with diffusion during intermittent
hemodialysis (25).

This study has several limitations The nature of the inter-
verition makes it impossible to blind this type of study. As a
single-center study, itis unknown if similar results would be
obtained with different anticoagulation regimens or access
catheters or machine hardware. Circuit life during CVVH
was unusually short but did vary considerably. The use of
central tendency statistical analysis that is associated with
a wide variation of circuit life and based on small sample si-
zes may have confounded the results due to the accumula-
tive effact of short circuit life recorded for CYVH. While the
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filtration fraction differod between the two techniques, both
used the pre-dilutional methad of fiuid replacement dell-
very and maintained a recommended filtration fraction
<30% (26). The dose between CVVH and CVVHOF was dif-
ferent for the removal of small solutes. The weight-based
dose for CVVH in patients whose body mass was larger
may have operated at higher ultrafittration volumes than
was necessary for the technique to match the fixed-dose
prescribed for CVWWHDF. This introduced variabitity in the ef-
fiuent volume required, which may have disadvantaged
CVVH circuits by imposing an “unnecessary” increase in
membrane interaction. Nevertheless, the use of a crosso-
ver study design allowed the patient to be the control mea-
sure and careful attention taken to standardize the approa-
ch of each technique constituted a rigorous attempt to eva-
juate differences in clrcuit life between both treatment mo-
dalities. The crossover between each technique occurred
sequentially; the machine hardware and hemofilter were
common to both treatment modalities; circuit life was com-
pared using the same vascular access device and insertion
site; the method adopted for circuilt anticoaguiation did not
differ between the modalities; and both operated at a simi-
far rate of blood flow.

This study demonstrates that circuit life may be superior
with CVVHDF compared with CVVH. Diffusion-based tech-
niques might have a protective effect on membrane inte-
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AIMS AND SCOPE

THE INTERNATIONAL JOURNAL of ARTIFICIAL ORGANS (Int ) Artif Qrgans) considers the publication of
peer-reviewed clinical and experimental contributions to the fast growing field of artificial organs: The
monthiy publication includes original articles, critical reviews, case reports and letters to the Editor. Int )
Artif Crgans is divided into independent seclions led by Editors of the highest scientific level The sections
are the following:

ORIGIN

ANUSCRIPTS:

ARTIFICIAL KIDNEY AND DIALYSIS

This section - containing Lhe greatest number of articles - 15 open to contributions on the artificial
treatment of chronic and acule rensl failure with special emphasis on clinlcal experimentation on
therapeutical alds and devices, and te any contribidtion of chinicat relevance

GAS EXCHANGE AND ARTIFICIAL LUNG

This section is dedicated to articles on the treatment of acute and chronmic respiratory fallure with spacial
emphasis on new devices and new membranes for optimal p0O2 and pCO2 levels. Related topics of
interest include compatibility, laboratory and clinical evaluation of the use of artificial lung

ARTIFICIAL HEART AND CARDIAC ASSIST DEVICES
This section of the journal deals nol only with the total artificial heart but also with the feft ventricular
assist devices, transapical by-pass and extracorporeal heart assist devices

CARDIOVASCULAR IMPLANTS
This section deals with the clinical and experimental aspects of valvular imptants and with all aspecls of
vascular prosthetics.

LIVER ASSIST DEVICES

The treatment of acute liver failure has recently become a focus of new attention. Encouraging gains
have bean made, desplte adverse clinical odds. This section inciudes laboratory reporis, animal and
human trials in the field of mechanical assist and support

ARTIFICYAL PANCREAS AND RELATED TECHNOLOGY IN DIABETES AND ENDOCRINOLOGY
This new section of the journal focuses an pancreatic funclion assist/substitution and includes laboratory,
animal and clinical applications in this area

DETOXIFICATION

The use of sorbents in extracorporeal detoxification 1s the main topic of this section. The role of activated
carbon, resinsg and other sorbents for column hemoperfusion is discussed in the context of acute
poisoning as well as in different pathological situations

BIOMATERIALS
This section research on synthetic and natural materizls used Interfacing with living tissue and biclogical
fluids for prasthetie, therapeutic and storage applications

HEMAPHERESIS AND BLOOD SUBSTITUTE

This section covers wide-ranging biomedical applications: 1.e. plasmapheresis in the procurement of
normal plasma, the preparation of plasma derivatives, periaperative banking of the patient's blocd for
autotransfusion, plateiet and leukoapheresis and plasma exchange for the treatment of a large number of
diseases

NEW TREMDS

This section is open to new approaches to artificial argans. The use of immebilized enzymes, antibodies,
antigens and immunoreactions for the removal of exogencus and endogenous pathogenic factors is
featured in this section. Contributions on new artifical organs such as the eye, the ear and special
presthetic devices are also covered in this section

REVIEWS
Critical presentations of broad tepics of potential interest to those actlve in the areas of use and
development of artificial organs.

CASE REPORTS
Careful, complete discussions of patients and clinical events which may serve to enlighten or advance the
understanding of the development, testing or clinical use of artificia! organs

EBITORIALS
The purpose of the ecditorials is to provide the reader with a balanced overview of relavant and up to date
subjects concerning artificial organs

LETFERS TO THE EDITOR
A section devoted to letters Including short communications on significant preliminary clinical data on
artificial organs, as well as discussions of {opics covered in previously published articles

THIS JOURNAL IS INDEXED IN:

CURRENT CONTENTS@ / CLINICAL PRACYICE,
IMDEX MEDICUS / MEDLINE,
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