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Continuous Venovenous Hemodiafiltration in Patients with
Multiple Organ Dysfunction Syndrome in an Intensive Care Unit

Anselmo A. Abdo MD MS PhD, Roberto Castellanos MD, Maykel Rocha MD, Emi Hernandez MD, Geydy Leal MD,
Juliette Suarez MD, Juan A. Gutiérrez MD, Francisco Gémez MD, Alain Cueto MD

ABSTRACT

INTRODUCTION Continuous venovenous hemodiafiltration, gener-
ally used in patients with acute renal failure, enables elimination of
humoral mediators of systemic inflammatory response and sepsis
from blood. This effect should improve treatment results in patients
with multiple organ dysfunction, but evidence of improved survival is
insufficient.

OBJECTIVES Describe the effect of continuous venovenous hemodi-
aflitration on patients with multiple organ dysfunction syndrome in
terms of systemic and brain hemodynamics, oxygenation, metabolism
and status on ICU separation.

METHODS An observational case series was done of 18 patients (11
men and 7 women) aged 24—78 years with multiple organ dysfunction
syndrome treated with continuous venovenous hemodiafiltration in
the Medical-Surgical Research Center’s ICU in Havana. General, sys-
temic and brain hemodynamic, oxygenation and metabolic variables
were assessed immediately before and 12 hours after starting the
procedure; vital status on separation from intensive care was record-
ed. For analysis, patients were grouped by whether cause of mul-

INTRODUCTION

Continuous renal replacement therapy (CRRT), first described in
1977,[1] represented a major advance in management of critically
ill patients with acute renal failure (ARF). Continuous venovenous
hemodiafiltration (CVVH) is a CRRT that combines two methods
of clearance, diffusion (dialysis) and convection (hemofiltration),
enabling extraction from blood of fluids, electrolytes and solutes
with molecular weight <50,000 unbound to proteins.[2]

CVVH use in patients with multiple organ dysfunction (MODS)
led to the discovery that not only was it useful for purging ure-
mic toxins, electrolytes and water, but also eliminated humoral
mediators of systemic inflammatory response and sepsis (inter-
leukins 1, 6 and tumor necrosis factor), mainly by convection
and adsorption.[3] This suggests a potential treatment benefit
in critically ill MODS patients, possibly even in those with pre-
served kidney function.

Despite scientific and technological advances in MODS manage-
ment, case fatality remains elevated, reported by some authors
between 72% and 79%,[4] and hence the need for more effective
treatment.

The spectrum of sepsis, severe sepsis, septic shock and MODS
represents one of the main causes of admission to and deaths
in ICUs.[5-7] Thus, various groups have incorporated CVVH into
treatment protocols for MODS, whether septic or nonseptic, with
varying survival results. Dunham’s review includes results from
case series reporting use of CVVH in patients with MODS of dif-
fering etiologies with case fatality ranging between 0% and 81%.
[4] Most papers we reviewed reported its use in septic MODS, but

tiple organ dysfunction syndrome was septic or nonseptic. Variable
means before and after treatment were compared using the Wilcoxon
matched pairs test. Standardized mortality ratios were calculated for
both groups, with survival efficacy defined by a ratio of <0.9.

RESULTS After 12 hours continuous venovenous hemodiafitration,
the septic group showed clinical improvement, with statistically signifi-
cant improvement in all variables except mean arterial pressure and
brain hemodynamics. Survival to discharge from ICU was 64%, with
a standardized mortality ratio of 0.66. In the nonseptic group, survival
was 0% and ratio was 2.13; temperature was the only variable found
to improve significantly.

CONCLUSIONS Continuous venovenous hemodiafltration improved
clinical parameters and survival in patients with multiple organ dys-
function of septic origin. Further studies are needed with larger num-
bers of patients to corroborate these results.

KEYWORDS Continuous renal replacement therapy, hemodiafiltra-
tion, multiple organ failure, septic shock, acute liver failure, MODS,
Cuba

there are small series or case reports describing its use in acute
respiratory distress syndrome (ARDS),[8,9] acute liver failure
(ALF) [10] and pancreatitis,[11] all conditions associated with high
mortality and in which physiopathologic inflammatory response
mediators are implicated. Indications for CVVH use in this last
group is more controversial than in septic MODS patients.[8—11]

A Cochrane meta-analysis in 2007 showed an advantage of
CRRT over intermittent therapy in patients with ARF in variables
that reflect hemodynamic instability (hypotension, mean arterial
blood pressure and need for vasopressor drugs), but there was
not enough evidence of ultimate improvement in survival.[12] A
large multicenter trial comparing intermittent hemodialysis with
CVVH in ARF patients found no difference in 60-day survival.
[13] Since CVVH is costly, research to demonstrate a survival
benefit is needed to support any routine use in MODS treatment.

Use of extracorporeal technology to support critically ill patients
with organic dysfunction is a research line of the ICU at the Med-
ical-Surgical Research Center (CIMEQ, the Spanish acronym) in
Havana. Our literature found no studies assessing the usefulness
of CVVH in improving MODS patient survival in Cuban ICUs. The
objective of this study was to describe the effect of CVVH on sys-
temic and brain hemodynamics, oxygenation and metabolism, as
well as on vital status at separation of a group of MODS patients
treated in CIMEQ’s ICU.

METHODS

Definitions MOD: Disturbance in two or more systems for at least
24 hours in a critically ill patient unable to maintain homeostasis
without intervention.[14]
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ARF: Acute increase in plasma creatinine concentration more
than twice baseline value or reduction of glomerular filtration rate
by >50% or urinary excretion <0.5 mL/kg/h for 6 hours.[15]

ALF: Severe liver dysfunction with acute onset in absence of pre-
existing liver disease, characterized by liver encephalopathy and
coagulopathy.[16]

ARDS: Acute respiratory failure independent of cause, accord-
ing to American-European consensus criteria: acute onset, arte-
rial oxygen tension (PaO,/FiO, ratio) <200 mmHg, diffuse bilateral
infiltrates in the anterior-posterior chest X-ray and lung capillary
pressure <18 mmHg, when measured, or without clinical evidence
of cardiac failure.[17]

eter using Nihon Kodhen monitor, Japan) and inspired oxygen frac-
tion (FiO,). Metabolic variables were body temperature and serum
creatinine, urea and bicarbonate concentrations (creatinine and
urea measured in serum by Automatic Analyzer 912 Hitachi, Japan;
bicarbonate measured in arterial blood using a gasometer ABL 700
Series, Radiometer, Denmark). Systemic, cerebral, oxygenation and
metabolic hemodynamic variables were measured both immediately
before CVVH and 12 hours after its onset. Furthermore, the hemo-
filtration dose used at 12 hours from procedure onset was recorded.
Final results evaluated were vital status at separation from ICU and
standardized mortality ratio (SMR).

CVVH technique A Prismaflex (Gambro—Hospal, Sweden) mon-
itor was used. Dialisan B2GD (Gambro—Hospal, Sweden) was

Study type and population An observa-
tional case series study was conducted of
18 patients hospitalized in CIMEQ’s ICU
between 2007 and 2010 who received

Table 1: Study variables

Variable Description

CVVH for MODS, either as admitting  Age (years)

diagnosis or developed during hospital-  Sex
ization. Seven were women (38.9%) and  MODS cause
11 men (61.1%), aged 24 to 78 years  ApACHE Il

(median 49.3, SD +15.9). Mean APACHE
Il[18] score immediately pre-CVVH was
24.5 (range 7 to 38, SD+8.24) and death
risk was 51.9% (range 7.6% to 88.4%, SD
124.24%). MODS was caused by sepsis
in 11 (61.1%) patients, ALF in 4 (22.2%),
ARDS in 2 (11.1%) and ARF in 1 (5.6%).

Death risk (expected)

Inclusion criteria Patients with MODS
of any etiology who received CVVH for
more than 12 hours.

Hemodiafiltration dose (mL/kg/h)

Ethical considerations The study was
approved by the CIMEQ ethics commit-
tee. Patients or relatives (of patients with
impaired consciousness or who were
sedated) provided written informed con-
sent following explanation of the study’s
objectives, risks and benefits.

HR (beats/min)
MAP (mmHg)

Brain hemodynamics
Right MCA MFV (cm/s)
Right MCA PI
Oxygenation

Sa0, (%)

FiO, (%)

Study variables General data collected
for each patient included age, sex, cause
of MODS, pre-CVVH APACHE Il score,
death risk and system dysfunction per the
Sequential Organ Failure Assessment[19]
without the neurological component (Table
1). Systemic hemodynamic variables were
heart rate; mean arterial pressure (MAP)
recorded by invasive monitoring through
the radial artery using a Nihon Kodhen
(Japan) monitor; and norepinephrine dose.
Brain hemodynamic variables were right
middle cerebral artery mean flow velocity
(MCA MFV) and pulsatility index (MCA PI),
collected by transcranial Doppler sonog-
raphy through the temporal window, using
Multi-Dop-T, DWL (Germany).[22] Oxy-
genation variables were arterial oxygen
saturation (SaO,, recorded by pulsioxim-

Metabolic
Creatinine (umol/L)
Urea (mmol/L)
Bicarbonate (meg/L)
Temperature (°C)

SMR

PI: Pulsatility index

Organ system dysfunction/failure

Norepinephrine (ug/kg/min)

Vital status at separation from ICU

FiO,: Inspired oxygen fraction
MCA: Middle cerebral artery

Continuous variable

Male, female

Septic, nonseptic

Disease severity scale including 12 physiological variables,
age and prior health status, used to predict risk of death
low risk: <20 points

high risk: 20-30 points

very high risk: >30 points[18]

Prediction model from APACHE |l score:

logistic regression formula = In (R/1-R) -3.517 = (APACHE
Il score x 0.146) + 0.603 only if emergency surgery + diag-
nostic category coefficient[18]

Per Sequential Organ Failure Assessment (SOFA): scoring
system to assess morbidity and degree of dysfunction of
every organ[19]

[Effluent (mL/h)])/weight in kg

recommended septic MODS dose: 35 mL/kg/h[20]

Systemic hemodynamics

Normal range: 60—100 (beats/min)[21]

[Systolic arterial pressure + 2 (diastolic arterial pressure)]/3.
Normal range: 70-105 mmHg[21]

Dose: 0.05 —1.0 pg/kg/min[21]

Normal range: 46—86 cm/seg[22]
Normal range: >0.6—-1.1[22]

Normal value: 95-100 %[21]

Inspired oxygen fraction in inspired air:
Normal in environmental air, 21%
With mechanical ventilation, harmful if >50%[21]

Normal range: 53—115 pmol/L[21]
Normal range: 2.9—7.5 mmol/L[21]
Normal range: 22—26 mEq/L[21]
Normal range: 36.5-37.2°C[21]

Alive or deceased
Observed/expected deaths[23]

HR: Heart rate
MFV: Mean flow velocity
Sa0,: Arterial oxygen saturation

MAP: Mean arterial pressure
MODS: Multiple organ dysfunction syndrome
SMR: Standardized mortality ratio
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the dialysis fluid with a sodium bicarbonate buffer. Replacement
solution was Hemosol BO (Gambro—Hospal, Sweden) and the
mean hemofiltration dose was 31.22 mL/kg/h (limits 17-50 mL/
kg/h, SD: +7.125). The filter used was M100 (AN69) (Gambro—
Hospal, Sweden) with biocompatible polyacrylonitrile membrane
of 0.9 m? surface. Initial blood flow was 100 mL/h and dialysis
fluid was programmed at 1000 mL/h; the substitution fluid, 1000
mL/h, and replacement through a predilution blood pump at 500
mL/h. Later, depending on clinical course and laboratory moni-
toring, modifications were made to blood flow (up to 250 mL/min)
and replacement through the predilution blood pump (up to 1000
mL/h). System anticoagulation was applied with sodium heparin
at an initial dose of 5-10 IU/kg/h, adjusted to maintain partial
prothromboplastin time between 60 and 80 seconds. Venous
access was via double lumen catheter (13 F) in the femoral,
jugular or subclavian veins. Average duration of CVVH was 3.4
days.

Data collection and analysis A data collection model specifically
designed for the study was used and a database created using
SPSS 13.0. Patients were assigned to two groups by cause of
MODS for purposes of analysis: septic and nonseptic.

A summary of pre-CVVH patient characteristics in both groups
and hemodiafiltration dose after 12 hours of CVVH is provided in
Table 2.

Table 2: Patient characteristics* by MODS cause

. Nonseptic
=

Age (years) (X = SD) 53.7 £ 16.3 years 42.3 + 13.2 years

APACHE Il (X + SD) 25.6+7.8 22.7+9.3
Death risk (%) (X + SD) 55.0 +23.8 47.0 £25.9
Cardiovascular D/F 90.9% (10) 71.4% (5)
Kidney D/F 81.8% (9) 71.4% (5)
Liver D/F 72.7% (8) 85.7% (6)
Respiratory D/F 63.6% (7) 85.7% (6)
Coagulatory D/F 63.6% (7) 85.7% (6)

Final hemodiafiltration
dose (X + DE)

X: Mean value SD: Standard deviation D/F: System dysfunction/failure
*all values pre-CVVH except hemodiafiltration dose

31.45 £ 3.1 mL/kg/h 30.86 + 11.3 mL/kg/h

Analysis was performed separately for each group. Means and
standard deviations were used to describe quantitative values
and percentages for qualitative ones. The Wilcoxon matched
pairs test was used to compare pre- and 12-hour post-CVVH
means for systemic and brain hemodynamic, oxygenation and
metabolic variables. This period was chosen since it allows suf-
ficient time for the procedure to have an effect and to help reduce
confounding by applying homogenous timing in a heterogeneous
group of patients. Statistical significance was defined by p value
of <0.05. Predicted and observed outcomes were compared for
each diagnostic group using SMR.

Treatment effect System hemodynamic efficacy was determined
by return to normal values in heart rate, mean arterial pressure
and reduced need for norepinephrine. Brain hemodynamic effica-
cy was defined by return to normal values of right MCA MFV and
right MCA PIl. Metabolic efficacy was defined as return to normal
levels of serum creatinine, urea and bicarbonate. Survival efficacy
was defined by an SMR of <0.9.

RESULTS

Dysfunctional systems in the entire series were, in order of fre-
quency: cardiovascular, 83.3% (15/18); renal and hepatic, each
77.8% (14/18); and respiratory and coagulatory, each 72.2%
(13/18). The percentage of system dysfunction by diagnostic
group is shown in Table 2.

Comparing clinical and laboratory values pre-CVVH and at 12
hours after initiation, statistically significant improvement was
observed in the septic group (Table 3) in all except for mean arte-
rial pressure and right MCA MFV and right MCA PI. However,
in the nonseptic group, only temperature showed significant
improvement (Table 3).

Relating final outcome (alive or dead) at ICU discharge and diag-
nostic groups (sepsis vs. non sepsis): 7 of the 11 patients in the
septic MODS group were discharged alive from ICU, represent-
ing 63.7% survival (SMR 0.66). None of the nonseptic MODS
patients survived (SMR 2.13) (Table 4).

DISCUSSION

This case series, similar to others reported,[24—-26] com-
prised critically ill patients at high risk of death because of the
severe organ disturbances that characterize MODS. In the
case series we reviewed, the major failing systems were con-
sistent with ours, with cardiovascular (94-100%) and renal
(100%) systems predominant.[24,25] Our series included
four patients without ARF treated with CVVH for septic-origin
MODS who were discharged alive from ICU; studies with a larg-
er number of cases would be useful to define CVVH indications
in MODS patients of septic origin without ARF, as suggested
by other authors, because of the procedure’s elimination of
humoral mediators of systemic inflammatory response and
sepsis.[2,3]

Sepsis was the predominant cause of MODS in our series and
constituted the principal or sole diagnosis in the majority of reports
reviewed for comparison.[4,25-27] Among nonseptic causes in
our series, the most frequent was ALF, since CIMEQ has one of
the two liver transplant programs in Cuba and our ICU receives
liver failure patients from every hospital in the country. As in the
case of septic MODS, the high mortality risk associated with non-
septic MODS compels us to search for more effective treatments,
which is why these cases were included here. The literature
describing use of CVVH in ALF and ARDS consists solely of case
reports or small case series such as ours.[8,9,28,29]

In our septic MODS patients, there was a statistically significant
improvement in all but three variables studied. Such improvement
in systemic hemodynamics, oxygenation and metabolism vari-
ables with CVVH in patients with septic MODS has been reported
by other authors,[25,27] and may be explained by the purifying
effect of dialysis, eliminating urea and creatinine through the filter
membrane, which stabilizes the internal environment. Removal
of inflammatory response mediators and fluid by hemofiltration
and adsorption can also explain improvement in systemic hemo-
dynamics and oxygenation in patients with poor fluid balance.
[2,25,27]

In the group of patients with nonseptic MODS, even though vari-
ables (excluding temperature) showed no significant improve-
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Table 3: Systemic and brain hemodynamics, oxygenation and metabolic variables pre-CVVH and at 12
hours after CVVH start, by MODS causation

Sepsis group (n=11) Nonsepsis group (n=7)

Variables

Systemic hemodynamics

Pre CVVH | Post CVVH Value Pre CVVH | Post CVVH
(X = SD) (X = SD) P (X £ SD) (X = SD)

thermia (32-35°C) in ALF and
ARDS.[32,33] The mechanism
invoked in ALF patients is less-
ened brain edema and intracra-
nial hypertension because of
reduced production of splanch-
nic ammonium, restoration of

p Value

HR (beats/min) 124 (£ 26.5) 101 (£ 13.2) 0.023 104 (£20.4) 87 (+20.1) 0237  brain hemodynamic regulation
MAP (mmHg) 75(£19.7) 89 (+9.9) 0.086 73 (+16.0) 74 (+16.4) 0.866  and reduction in brain oxidative
Norepinephrine metabolism.[34] In ARDS animal
(ug/kg/min) 0.7 (£0.7) 0.3(x0.3) 0.015 04(x0.6) 0.6 (x0.7) 0.173 models, moderate hypothermia

Brain hemodynamics

inhibits adhesion, activation and
accumulation of neutrophils dur-

Right MCA MFV (cm/s) 50 (£20.7) 52 (+10.5) 0.752 60 (+15.9) 55 (+25.3) 0.753 .
ing the acute phase.[33]
Right MCA P! 1.3 (x0.3) 1.1(x0.2) 0.078 15(£0.6) 2.1 (x24) 0.735
Oxygenation Apart from observed improve-
Sao0, (%) 95 (+4.8) 99 (+0.6) 0.003 93 (+4.0) 97 (+3.4) 0.075 ments in oxygenation and met-
FiO, (%) 45 (£4.4) 40 (£3.7) 0.047 61 (£19.0) 58 (£21.7) 0.753 abolic hemodynamic variables,
Metabolic the high rate of survival to ICU
- discharge of septic MODS
Creatinine (mmol/L) 422 (+£235.5) 225 (+ 127.5) 0.003 164 (+57.5) 141 (+ 58.2) 0398 patients with CVVH is notewor-
Urea (mmol/L) 28 (+13.9) 19 (¢7.9) 0.003 13(+84) 11 (x7.7) 0.237 thy because lack of evidence
Bicarbonate (meg/L) 19 (£5.0) 23 (£3.0) 0.013 18(x6.4) 18(x6.4) 0.933 for a survival benefit is one of
Temperature (°C) 37.2(£1.1) 35.6 (+0.5) 0003 37(x12) 35(1.1) 0.043 the criticisms of this procedure.

CVVH: Continuous venovenous hemodiafiltration
MAP: Mean arterial pressure

MODS: Multiple organ dysfunction syndrome
SD: Standard deviation

MCA: Middle cerebral artery
PI: Pulsatility index
X: Mean

Table 4: Prognostic values at CVVH start (APACHE II, predicted death risk) and final result (% deceased,

SMR), by MODS causation

Predicted death risk (%)
(X £ SD)

. APACHE I
MODS causation (X £ SD)

Septic (n=11) 256 (£ 7.8)
Nonseptic (n=7) 22.7 (£ 9.3)

X: Mean SD: Standard deviation SMR: Standardized mortality ratio

55.0 (+ 23.8)
47.0 (+ 25.9)

ment, there was some improvement in metabolic and oxygenation
variables; the lack of statistical significance may have been due
to small sample size and hence limited study power.

However, this group’s results are interesting, even though they
did not benefit as did the septic MODS patients, taking their diag-
nosis into account. In the case of patients with ALF, for whom the
ultimate solution is liver transplantation, the therapeutic objec-
tive would be to improve or stabilize multiple organ function to
‘buy time’ while awaiting a donor organ, to improve the patient’s
condition for transplantation or assist in stabilizing the patient
post transplantation.[29]

Impairment of brain hemodynamic variables—although without
statistical significance—may be explained in patients with ALF,
in whom worsening encephalopathy is characterized by greater
brain edema and progressive deterioration of these parameters,
as previously reported.[30] Although not found to be significant in
this study, improving oxygenation and metabolic variables could
be useful in treating patients with ARDS, ALF and MODS, as
shown by Matsuda.[31]

The decrease in temperature to as low as 35°C could be useful
in view of studies suggesting possible benefits of moderate hypo-

FiO,: Inspired oxygen fraction

% Deceased

HR: Heart rate [2,4,35,36]

MFV: Mean flow velocity

Sa0,: Arterial oxygen saturation SMR calculated for the sep-
tic MODS group by comparing
expected mortality per APACHE Il
values to observed mortality was
similar to the SMR of 0.67 report-
ed by Page for septic MODS
patients, with 53% mortality.[25]
This must be considered treat-
ment efficacy. As previously dis-
cussed, nonseptic MODS patients
did not derive this benefit.

0.66
213

(n)
36.4 (4)
100.0 (7)

The study’s main limitations are its small size and lack of
control group, so results must be considered preliminary. In
addition, numbers were too small to permit analysis by sub-
groups using SOFA scores, and the hemodiafiltration dose
used was lower than currently recommended for septic
patients. Despite these limitations and because of encourag-
ing survival observed in the sepsis group, we view CVVH as
a promising intervention that should be considered for septic
MODS, which despite medical progress still has high case
fatality rates.

Multicenter studies will be needed with increased sample size to
better assess these new technologies, which, while costly, could
yield satisfactory cost-effectiveness for survival in these patients.
New studies on the topic should include confounders, such as
time elapsed between symptom onset and procedure initiation,
inter alia.

CONCLUSIONS

Continuous venovenous hemodiafltration improved clinical
parameters and survival in patients with multiple organ dysfunc-
tion syndrome of septic origin. Further studies are warranted with
larger numbers of patients to corroborate these results for the
sake of improving treatment of such critically ill patients. M-~
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