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Objective: Continuous veno-venous hemofiltration (CVVH) is a mode of renal replacement therapy in criti-
cally ill patients that has gained popularity all over the world. The authors reviewed one-year experience
with CVVH in intensive care units (ICUs) of Bhumibol Adulyadej Hospital. The objectives of this study were to
describe the characteristics of the patients and demonstrate the association between various factors and
outcome.
Material and Method: The medical records of 45 patients who underwent CVVH treatment were analyzed. All
patients had been admitted into the ICUs of Bhumibol Adulyadej Hospital between 1 January 2005 and 31
December 2005.
Results: Average age of patients was 67.7 � 13.3 years (range from 27.0 years to 88.4 years). The male: female
ratio was 1.4:1. Twenty-four patients were admitted to the medical ICU, 17 to the coronary care unit (CCU)
and 4 to the surgical ICU. All of them needed mechanical ventilator support and 91.1% required vasopressor.
Sixty percent of the patients had sepsis. Most of them had comorbidity including, cardiovascular (66.7%),
hepatobilliary (35.6%) and neurological comorbidity (13.3%). Half of them had been diagnosed with chronic
kidney disease (CKD) with pre-dialysis CKD in 40% and end stage renal disease (ESRD) in 11.1%. The mean
number of organ failure was 3.18 � 0.1 and 95.6% had more than 2 organ failures. The range of APACHE II
score was 15-50 (mean 30.8 � 9.5) with a predicted death rate of 21.0-97.8% (mean 66.4 � 23.4). The
indications for renal replacement were 80% for level of nitrogenous waste product, 75.6% for volume over-
load, 42.2% for severe metabolic acidosis, 35.6% for hyperkalemia and 2.2% for toxic substance removal.
Eighty percent of the patients had 2 or more indications. Mean blood urea nitrogen (BUN) and creatinine
(Cr) level before starting CVVH was 78.8 � 36.5 mg/dl (10.0 to 187.0) and 5.3 � 3.3 mg/dl (2.0 to 20.2)
respectively. Duration of CVVH was 1.5 to 251.0 hours (mean 57.8 � 58.9) and the average CVVH dose was
36.6 � 7.5 ml/kg/hr (24.6 to 55.6). The overall mortality was 80%. The two most frequent causes of death were
sepsis (44.4%) and cardiovascular disease (15.6%). The significant difference between the survival and non-
survival groups were surgical ICU admission (p = 0.021), sepsis (p = 0.019), APACHE II score (p = 0.011),
volume indication for CVVH (p = 0.028), number of dialysis indication (p = 0.019), duration of hospitaliza-
tion (p = 0.004), systolic blood pressure (p = 0.012) and serum albumin level (p = 0.009). By logistic
regression analysis, there was only statistical significance for serum albumin level less than 3 g/dl.
Conclusion: One-year experience of CVVH in Bhumibol Adulyadej Hospital showed high mortality rate but it
is comparable to previous publications. The only factor that was associated with death by multivariate
analysis was lower serum albumin level at the time of initiating CVVH. Prospective studies are required to
explore this issue in the future.
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Continuous renal replacement therapy (CRRT)
was first described by Scribner and associates in 1960(1).
This modality is now available in most tertiary intensive
care units (ICU) around the world and has almost com-
pletely replaced intermittent hemodialysis (IHD) in
some countries. In Australia and New Zealand, for ex-
ample, almost 100% of ICU treatments are CRRT(2). This
technology has theoretical advantages over IHD that
are related to cardiorespiratory stability, optimal meta-
bolic control, and fluid balance allowing nutri-tional
supplementation. It has been demonstrated to improve
cerebrovascular stability compared with IHD in patients
with acute renal failure (ARF) who also have liver fail-
ure or cerebral edema(3,4).

Bhumibol Adulyadej Hospital is a tertiary care
of the Royal Thai Air Force and residency training
hospital with 6 beds of medical ICU, 7 beds of coronary
care unit (CCU), and 12 beds of surgical ICU. The first
case of CRRT in Bhumibol Adulyadej Hospital  oc-
curred in 1998 and the number is increasing. Most popu-
lar CRRT mode in the presented center is continuous
veno-venous hemofiltration (CVVH) using mainly con-
vective solute clearance. Before 2005, the authors have
had experience of CVVH treatment in            87 cases, but
have not yet collected the clinical data, CVVH param-
eters, and outcome with this experience.

This study intended to describe current
practices of CVVH in all patients admitted to ICUs
who needed renal replacement therapy and to identify
various variables significantly associated with outcome.
The authors hope to use the outcome of the present
study to improve this treatment as well as for future
research.

Material and Method
The medical records of all patients who re-

quired CVVH treatment in the medical, surgical and
cardiac ICUs of Bhumibol Adulyadej Hospital during a
1-year period (2005) were reviewed retrospectively. The
present study included all patients in whom the initial
renal replacement therapy was performed in ICUs.
Forty-five patients were evaluated.

When considering the treatment of ARF, the
authors first considered IHD. However, those placed
on CVVH were considered to be able to benefit from
CVVH more than IHD. Those were too hemodynami-
cally unstable to tolerate IHD. The attending nephro-
logists in the ICUs decided when to prescribe CVVH
and when to terminate it.

The indications for starting CVVH included;
volume overload inadequately controlled with diuretic

therapy, anuria or oliguria (urine volume < 200 ml per
12 hours), hyperkalemia (serum potassium persistently
> 6.5 mmol/litre), severe acidosis unresponsive to medi-
cal management (pH < 7.1), blood urea nitrogen (BUN)
level exceeding 100 mg per deciliter, creatinine (Cr) level
exceeding 10 mg per deciliter, signs or symptoms such
as encephalopathy that uremia could not be ruled out
as a precipitating cause, intoxication (e.g. salicylates,
methanol, barbiturates, lithium) and other reasonable
conditions that CVVH may help to improve the out-
come such as sepsis.

The CVVH was terminated when there was
partial recovery of renal function. This was defined as
the restoration of diuresis, the absence of uremia,
improved electrolyte, and improved acid-base homeo-
stasis.

CVVH setting in the presented patients was
adjusted according to patient condition and labora-
tory value. The common prescription was 2 litres per
hour of filtration rate. Two bags per hour of replace-
ment fluid were used with pre-dilution of 800 ml and
1200 ml for postdilution. Replacement fluid consisted
of saline solution with added sodium bicarbonate,
potassium and dextrose. The concentration of sodium,
potassium, glucose and bicarbonate in the replacement
fluid varied, depending on the clinical need. A sodium
concentration of 140 mEq/L was usually used in all
patients. The calcium gluconate was a separate drip.
Anticoagulation was usually not required in the pre-
sented patients because of deranged clotting, thrombo-
cytopenia or both. Blood flow and ultrafiltration rate
were adjusted according to hemodynamic and volume
status respectively.

The dialysis filter was a polysulfone hemo-
filter (Aquamax�) with a surface area of 0.7 m2 and an
ultrafiltration coefficient of 33 ml/mm of Hg/hour. All
patients conducted CVVH with the Edwards Aquarius�

machine.
Hemodynamically unstable was defined as

systolic blood pressure < 90 mmHg or requiring vaso-
active drug to maintain blood pressure in the normal
range.

Baseline serum Cr level of selected patients
was retrieved from the OPD files 3 months before
admission. The lowest serum Cr level in the current
admission was considered for new patients with no
previous record. Follow-up serum Cr and serum urea
levels were reviewed in surviving patients at 2, 4 and
8 weeks after coming off CVVH.

For dividing patients into RIFLE classifica-
tion, GFR was estimated (cGFR) by using the Cockcroft-
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Gault formula. This was used because serum albumin
and urea level that affected patients confounding fac-
tors were not required in this formula.

cGFR for males = [(140-age) x BW] / (72 x sCr),
for females multiply by 0.85

Urine output (UO) was calculated in milliliter
per kilogram per hour for all patients.

The following demographic variables were
considered; age, sex, past medical history, admission
diagnosis, admission date and time.

The following data were obtained from the
date of initiation of CVVH and during follow up: BUN,
Cr, electrolytes, Arterial Blood Gas (ABG), Complete
Blood Count (CBC), Glasgow Coma Scale (GCS), and
vital signs.

ARF was defined and classified exclusively
from the first day of initiated CVVH treatment accord-
ing to RIFLE criteria(5,6).

The APACHE II score is the sum of three
components: an acute physiology score, age score,
and a chronic health problems score. Score ranged from
0 to 71, with higher value having worse prognosis. The
APACHE II score was calculated using the method
described by Knaus et al.

The Predicted death rate was calculated by:
Predicted Death Rate = eLogit / (1 + eLogit)
Logit = -3.517 + (APACHE II)* 0.146

The severity of illness was determined accord-
ing to the score on the APACHE II on the day of initia-
tion of CVVH.

Other evaluated data included, the cause of
renal failure (determined on the basis of a chart re-
view), the presence or absence of sepsis and oliguria
(defined as a urinary output of less than 400ml in the
previous 24 hours), the indication for CVVH, the dura-
tion of CVVH session, the using of a ventilator or vaso-
pressor support, other interventions such as surgery,
Cardio Pulmonary Resuscitation (CPR), contrast or
aminoglycoside exposure, time from nephrologist con-
sultation to starting CVVH, length of hospital stay and
outcome of the patients.

Statistical analysis
Descriptive analysis was used to identify

demographic data, clinical parameters, severity of
patients, CVVH setting and outcome. Results were
given in actual number and percentage or mean + SD
unless otherwise stated.

Survivors and non-survivors were compared.
Student’s t test was used for comparing the mean of
continuous measurements. The chi-square test was

used for categorized measurements. Variables were
first analyzed by univariate methods. The variables
with statistical significance in univariate analysis
were included in a multivariate logistic regression ana-
lysis with the help of SPSS 13.0 for window software.
All p values were two-sided, and the value of less
than 0.05 was considered to indicate statistical signi-
ficance.

Results
1. Subject characteristics

1.1 Demographic data
Patient characteristics are presented in Table 1.

Of the 45 CVVH-required patients in the ICU, 19 were
female and 26 were male, the male: female ratio was
1.4:1. The age of the patients ranged from 27 to 88
years with a mean of 67.7 years. The percentage of
patients in the medical ICU was 53.3%, in the coronary
care unit was 37.8%, and in the surgical ICU was 8.9%.
There was no significant difference in this parameter
between the survival and non-survival group except
the non-survival group had higher ratio of medical to
surgical ICU admission (Table 4).

1.2 Underlying and comorbidity
The presence of the following co-morbidities,

and interventions were described in all patients (Table 1):
diabetes (44.4%), cardiovascular disease (66.7%), hepa-
tobilliary disease (35.6%), neurological disease (13.3%),
sepsis (60.0%), aminoglycoside exposure (13.3%), con-
trast exposure (37.8%), post surgery (8.9%) and post
cardiopulmonary resuscitation (15.6%). When compar-
ing between the two groups, the non-survival group
had a significant higher proportion of sepsis (Table 4).

1.3 Severity, organ failure and scoring system
All patients in the present study needed ven-

tilator support and 91% needed vasoactive support to
maintain blood pressure. The mean of organ failure
was 3.2 + 0.1(range from 2 to 5 organs). Only 20% had
one organ failure. Mean of GCS was 8.8 + 5.4.

The APACHE II scores ranged from 15 to 50
(mean 30.8) at the time initiating CVVH. The average
score of survivors versus non-survivors were signifi-
cantly different (23.8 + 6.6 vs 32.6 + 9.4, p = 0.011).

Predicted death rate that was calculated from
APACHE II score and GCS ((70.9 + 21.8 vs 48.5 + 21.5,
p = 0.008). The component of APACHE II score were
also significantly different in both groups (7.75 + 5.2 vs
13.3 + 3.7, p = 0.002). The overall predicted death rate of
the presented patients was 66.4 + 23.4%
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1.4 Renal status and RIFLE classification
The authors found that the patients who

needed CVVH treatment were ARF in 49%, ARF and
CKD in 40%, and ESRD in 11%. When applying RIFLE

classification to these patients, most of them were
RIFLE-F category (91.1%). There were no significant
differences between the two groups.

Table 1. Descriptive analysis

        Case(s) a     Percent b

No of patient (cases)          45 100.0
Age, years, mean + SD (range)       67.7+13.3   27.0-88.4
Male:Female cases (%) 26 (57.8):19 (42.2)  1.4:1 in ratio
Admission in:         Case(s)     Percent

Medical ICU          24   53.3
Coronary Care Unit          17   37.8
Surgical ICU            4     8.9

Underlying and comorbidity         Case(s)     Percent
Diabetes          20   44.4
Cardiovascular comorbidity          30   66.7
Hepatobilliary comorbidity          16   35.6
Neurological comorbidity            6   13.3
Sepsis          27   60.0
Aminoglycoside exposure            6   13.3
Contrast exposure          17   37.8
Post surgery            4     8.9
Post CPR            7   15.6

Renal status         Case(s)     Percent
Acute renal failure (ARF)          22   48.9%
ARF on chronic kidney disease (CKD)          18   40.0%
End stage renal disease (ESRD)            5   11.1%

RIFLE classification         Case(s)     Percent
RIFLE-R            3     6.7
RIFLE-I            1     2.2
RIFLE-F          41   91.1

Severity         Case(s)     Percent
Respirator support          45 100.0
Vasoactive support          41   91.1
Number of organ failure, mean + SD (range)         3.2+0.1     2.0-5.0
Glasgow Coma Score, mean + SD (range)         8.8+5.4     3.0-15.0
APACHE II score (SD),mean + SD (range)       30.8+9.5   15.0-50.0
Predicted Death Rate, mean + SD (range)       66.4+23.4    21.0-97.8

Indication for CVVH         Case(s)     Percent
BUN/Cr level          36   80.0
Volume overload          34   75.6
Acidosis          19   42.2
Hyperkalemia          16   35.6
Toxic removal          1     2.2

No. of organ failure         Case(s)     Percent
1          9   20.0
2          19   42.2
3          9   20.0
4          8   17.8

a in general present in case(s) except mention in other eg. Mean, SD;
b in general present in percent, except mention in other eg. SD, percent change;
** (% change from initiation)
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2. Renal replacement therapy
2.1 Indication for CVVH
The most frequent indication for CVVH treat-

ment in the study patients was BUN/Cr level (80.0%),
followed by volume overload (75.6%), acidosis (42.2%),
hyperkalemia (35.6%) and one case (2.2%) with metha-
nol intoxication. Twenty-percent of these patients had
only one indication, 42.2% had two indications and the
rest (37.8%) had more than two indications for CVVH
treatment. Only volume overload indication was sig-
nificantly higher in the non-survival group.

2.2 Clinical parameters and laboratory values
Clinical parameters and laboratory values of

both groups are listed in Table 1 and 4. Systolic blood

pressure and serum albumin were significantly lower in
the non-survival group compared with the survival
group (p = 0.012 and 0.009 respectively). Other clinical
parameters, including mean arterial pressure, diastolic
blood pressure, heart rate, temperature, respiratory rate,
and urine output showed no significant difference
between both study groups.

The presented patients tend to have acidosis
(mean pH = 7.2 + 0.2) at initiating CVVH. BUN at start-
ing CVVH was 78.8 + 36.5 mg/dL (range from 10 to 187)
while Cr level at starting CVVH was 5.3 + 3.3 mg/dL (range
from 2.0 to 20.2). The mean serum albumin level was 2.8
+ 0.7 g/dL and significantly lower in the non-survival
group.

Table 1. Descriptive analysis (Cont.)

a in general present in case(s) except mention in other eg. Mean, SD;
b in general present in percent, except mention in other eg. SD, percent change;
** (% change from initiation)

Clinical data      Mean + SD        Range
Interval from consult to CVVH, days         2.8+5.9      0.0 to 34.0
Temp, degree Celsius       36.7+1.3    34.0-39.5
Pulse, beat per min.     102.0+24.8    52.0-158.0
Respiratory Rate, times per min.       21.4+6.1    12.0-40.0
Systolic BP, mmHg     105.2+30.4    27.0-176.0
Mean Arterial Pressure, mmHg       72.3+21.7    18.0-116.0
Diastolic BP, mmHg       55.8+19.8    11.0-98.0
Urine output (UO) per hr, ml/hr       19.7+36.9      0.0-200.0
Oliguria,UO less than 400ml/day, cases, %          31 (cases)    68.9 (percent)

Laboratory values Before initiating CVVH      Mean + SD        Range
Mean arterial pH         7.2+0.2      6.8-7.5
Serum BUN, mg/dL       78.8+36.5       10-187
Serum Cr, mg/dL         5.3+3.3      2.0-20.2
Serum HCO3, mmol/L       14.4+6.1      1.0-28.0
Serum Albumin, g/dL         2.8+0.7      1.3-4.5

CVVH Treatment      Mean + SD        Range
Duration (hours)       57.8+58.9      1.5-251.0
Blood Flow rate (ml/min)   138.67+26.3       50-200
Set Fluid removal rate (ml/hr)     70.22+45.4         0-200
Actual Fluid removal rate (ml/hr)       48.5+56.7 -102.9-225.3
Set Filtration rate (ml/hr )      2000          fix
Filtration rate per body weight (ml/kg/hr)       36.6+7.5    24.6-55.6
Replacement K (mEq/dl)         3.0+1.5         0-4
Replacement HCO3 (mg/dl)       37.5+8.2       24-67
Number of dialyzer used per case         2.3+2.0         1-10
Duration per 1 dialyzer (hours)       25.9+18.6      1.5-71.5

Biochemical Parameter during CVVH      Mean + SD   % change**
BUN level at 6hr after CVVH initiation, mg/dL       61.5+29.1   -21.9
BUN level at 6hr after CVVH initiation, mg/dL       40.4+20.4   -48.7
Cr level at 6 hr after CVVH initiation, mg/dL         4.4+3.3   -17.0
Cr level at 6 hr after CVVH initiation, mg/dL         2.6+1.7   -50.9
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2.3 CVVH treatment and parameter during
treatment

All patients underwent CRRT in CVVH mode.
The average values of prescription are listed in Table 1.
The duration of CVVH treatment was 1.5 to 251.0 hours
(mean 57.8 + 58.9 hours). Average setting of blood flow
rate and actual fluid removal rate was 138.67 + 26.3 ml/
hr and 70.22 + 45.4 ml/hr respectively. The authors set the
filtration rate of 2000 ml per hour for every patient and
then calculated the CVVH dose range from 24.6 to 55.6 ml/
kg/hr (mean 36.6 + 7.5). BUN and Cr level were followed
during CVVH sessions. The authors found that serum
BUN level decreased by 21.9% at 6 hours and 48.7% at
24 hours. The serum Cr also had the same decreasing
trend (17.0% at 6 hours and 50.9% at 24 hours).

3. Outcome
Mean duration of hospitalization was 20.0 +

20.5 days (1.0 to 73.0), which was significantly longer in
the survival group (15.8 + 18.6 vs 37.2 + 19.7, p = 0.004).

The overall ICU mortality rate was 80%. Of
these patients, the most common cause of death was
sepsis (44.4%), followed by cardiovascular disease
(15.6%), cancer (4.4%), Acute Respiratory Distress
Syndrome (ARDS) (2.2%), pneumonia (2.2%), intoxica-
tion (2.2%) and undetermined (6.7%). From 9 patients
who survived during hospital admission, 4 had com-
plete renal recovery, 3 patients had incomplete re-
covery. Two patients in the present study had no
recovery in renal function requiring long-term renal
replacement therapy.

4. Univariate and multivariate analysis
The univariate relationship between variables

and outcome are presented in Table 4. Eleven variables
were found to be significantly different between the
non-survival and survival group. To identify risk fac-
tor affecting outcome, five variables were considered
(Table 5). These included: medical ICU admission,
APACHE II score more than 24, the presence of sepsis,

Mean duration of hospitalization 20.0 + 20.5 days (1.0 to 73.0)

N (cases) Nonsurvival, case(s) (%) Survival, case(s) (%)

All CVVHa 45 36 (80.0) 9 (20.0)
All ARFb 40 32 (80.0) 8 (20.0)
ARFb only 22 18 (81.8) 4 (18.2)
ARFb on CKDc 18 14 (77.8) 4 (22.2)
ESRDd   5   4 (80.0) 1 (20.0)

Table 2. Overall outcomes

a CVVH, Continuous Veno-Venous Hemofiltration
b ARF, acute renal failure
c CKD, chronic kidney disease
d ESRD, end stage renal disease

N, case(s) Survival, Complete Recovery, Partial Recovery, Non Recovery,
 case(s)        case(s) (%)      case(s) (%)    case(s) (%)

All CVVHa 45 9 4 (44.4) 3 (33.3) 2 (22.2)
All ARFb 40 8 4 (50.0) 3 (37.5) 1 (12.5)
ARFb only 22 4 3 (75.0) 1 (25.0) 0
ARFb on CKDc 18 4 1 (25.0) 2 (50.0) 1 (25.0)
ESRDd   5 1       -       - 1 (100.0)

Table 3. Outcome in survival group

a CVVH, Continuous Veno-Venous Hemofiltration
b ARF, acute renal failure
c CKD, chronic kidney disease
d ESRD, end stage renal disease
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Factors Nonsurvival (n = 36) Survival (n = 20) p-value

Mean age (range; year)          68.3+13.9       65.4+11.1   0.572
Baseline Cr (range; mg/dL)            2.6+0.6         2.4+0.6   0.881
ICU medicine : surgery  (ratio)          35:1 (35/1)         6:3 (2/1)   0.021*
Diabetes, cases (percent)             14 (70.0%)            6 (30.0%)   0.134
Cardiovascular comorbidity, cases (percent)             24 (80.0%)            6 (20.0%)   1.000
Hepatobilliary comorbidity, cases (percent)             14 (87.5%)            2 (12.5%)   0.350
Neurological comorbidity, cases (percent)               5 (83.3%)            1 (16.7%)   0.826
Sepsis, cases (percent)             25 (92.6%)            2 (7.4%)   0.019*
Vasoactive drug support, cases (percent)             34 (82.9%)            7 (17.1)   0.116
Aminoglycoside exposure, cases (percent)               6 (100.0%)            0   0.188
Contrast exposure, cases (percent)             14 (82.4%)            3 (17.6%)   0.454
Post surgery, cases (percent)               2 (50.0%)            2 (50%)   0.116
Post CPR, cases (percent)               4 (57.1)            3 (42.9)   0.100
Respirator support, cases (percent)             36 (80%)            9 (20.0%)     **
Number of organ failure            3.3+0.7         2.9+0.3   0.115
ARF, cases (percent)             18 (81.8%)            4 (18.2%)   1.000
RIFLE-F             31 (81.6)            7 (18.4)   0.537
Glasgow Coma Score          7.75+5.2       13.3+3.7   0.002*
APACHE II score          32.6+9.4       23.8+6.6   0.011*
Predicted Death Rate, percent          70.9+21.8       48.5+21.5   0.008*
Indication BUN/Cr level, cases (percent)             29 (80.6%)            7 (19.4%)   0.852
Indication volume overload, cases (percent)             30 (88.2%)            4 (11.8%)   0.028*
Indication electrolyte imbalance, cases (percent)             14 (87.5%)            2 (12.5%)   0.350
Indication acidosis, cases (percent)             17 (89.5%)            2 (10.5%)   0.174
Indication toxic removal, cases (percent)               1 (100%)            0   1.000
Number of indication            2.5+1.0         1.7+0.7   0.019*
Interval consult to start CVVH          2.69+6.4         3.1+3.7   0.803
Temperature, degree Celsius          36.7+1.4       36.5+1.2   0.616
Pulse, beat per min        101.3+23.7     104.9+30.3   0.699
Respiratory rate, time per min          21.8+6.3       20.0+5.5   0.440
Systolic BP, mmHg          99.6+27.9 127.7+31.2   0.012*
Lowest SBP, mmHg          64.1+35.5       98.8+26.0   0.009*
Diastolic BP, mmHg          53.9+20.4       63.2+15.9   0.213
Oliguria, cases (percent)             27 (87.1)            4 (12.9)   0.077
Arterial PH            7.2+0.2         7.3+0.1   0.080
BUN, mg/dL          78.7+36.1       79.4+40.1   0.955
Cr, mg/dL            5.1+3.5         6.2+2.1   0.379
HCO3, mmol/L          13.7+6.3       17.2+4.6   0.131
Albumin level, g/dL            2.7+0.7         3.2+0.3   0.009*
Duration, hours          58.2+62.0       56.3+47.5   0.933
Blood Flow rate, ml/min        139.4+21.6     135.6+41.9   0.793
Set Fluid removal rate, ml/hr          72.5+50.1       61.1+15.4   0.251
Actual Fluid removal rate, ml/hr          43.9+59.6       67.2+40.9   0.274
Filtration rate per body weight, ml/kg/hr          36.2+7.2       38.1+8.3   0.542
Replacement K, mEq/L            3.0+1.6         3.3+1.3   0.534
Replacement HCO3, mmol/L          36.9+7.6       39.7+10.9   0.375
Number of dialyzer            2.5+2.2         1.7+0.7   0.072
Duration per 1 dialyzer (hour)          23.1+15.5       37.1+26.1   0.157
Duration hospitalization, days          15.8+18.6       37.2+19.7   0.004*

Table 4. Factor and nonsurvival vs survival

** No statistics are computed because on Respiration is a constant
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serum albumin level less than 3 g/dL and volume over-
load indication for starting CVVH. Table 6 shows multi-
variate correlation and their 95%CI. Logistic regression
was performed on variables that were found to have
statistical significance in univariate analysis. The only
risk factor that was found to be statistically significant
was serum albumin level less than 3 g/dL with p value
of 0.048.

Discussion
ARF is a common problem in ICUs. It occurs

around 1% to 25% depending on the population studied
and criteria used to define it(7,8).

Acute dialysis quality initiative (ADQI)
develops a consensus definition and recommendation
for ARF in critically ill patients, and the RIFLE classifi-
cation for acute renal dysfunction was published in
2003. The RIFLE system uses either GFR criteria or
urine output criteria to classify patients into three
severity categories: Risk, Injury, and Failure; and two
additional outcome categories: Loss and ESRD(5). The
outcome study using these criteria in ARF patients
showed improvement in ability to predict outcome
compared with established ICU scoring systems such
as APACHE II and SAPS II(9). Bell et al used RIFLE
classification in 207 critically ill patients who needed
acute renal replacement therapy, the results showed
57.9% of 30-day mortality rate in RIFLE failure category,

23.5% for those in RIFLE risk category and 22.0% for
RIFLE injury category(6).

The APACHE II has been among the most
widely used scoring system for predicting risk of death
in ICU patients. It has the advantage of being easy to
use and has been used more frequently for risk stratifi-
cation in ARF than any other similar scoring system.
One prospective study showed that APACHE II score
at the time of initiation of dialysis had a statistically
significant predictor of patient survival and recovery
of renal function in 153 patients with ARF(10). There
was another prospective study in 61 patients with ARF
requiring dialysis with 62.3% mortality rate. APACHE
II was found to be statistically significant prognostic
factors for hospital mortality. The mortality rate in-
creased as the APACHE II score increased (odds ratio
1.3 per increase in one score; p < 0.001). The best cut-
off value for APACHE II was 24, with 63% sensitivity
and 96% specificity(11). A study by Zhang also found
the score correlated significantly with the mortality
in patients with ARF. The mortality was 100% with
APACHE II when the score was > or = 35. When
APACHE II score was > or = 26, patients were dialysis
dependent. When APACHE II score was < or = 22, 80.4%
of patients had renal function recovery(12).

In an effort to improve predictive capacity
for critically ill patients, the APACHE III system was
developed in 1991. Because the APACHE III scoring

Factors Nonsurvival, cases (%) Survival, cases (%) p-value Odds Ratio (95%CI)

Medical ICU admission 35 (85.4) 6 (14.6) 0.021 17.5 (1.6-197.4)
APACHE IIa > 24 29 (90.6) 3 (9.4) 0.005   8.3 (1.7-41.6)
Sepsis 25 (92.6) 2 (7.4) 0.010   7.9 (1.4-44.6)
Serum albumin < 3 g/dL 12 (63.2) 7 (36.8) 0.019   6.7 (1.2-37.4)
Volume overload indication 30 (88.2) 4 (11.8) 0.015   6.3 (1.3-30.4)

aAPACHE II, Acute Physiology and Chronic Health Evaluation II

Table 5. Univariate analysis

Odd ratio       95%CI p-value

Medical ICU admission    0.018 0.000 to 1.576   0.078
APACHE IIa > 24   -2.351 0.006 to 1.422   0.088
Sepsis   -0.735 0.056 to 4.140   0.504
Serum albumin < 3 g/dL   -3.160 1.028 to 540.874   0.048*
Volume overload indication   -1.456 0.024 to 2.249   0.208

Table 6. Multivariate analysis:Logistic regression analysis

aAPACHE II, Acute Physiology and Chronic Health Evaluation II
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system includes the presence or absence of oliguria
and serum albumin, this index may improve predictive
power over the APACHE II(13,14). There was a retrospec-
tive review that showed that APACHE III scoring sys-
tem was superior to the APACHE II(15). However, the
complexity of the APACHE III scoring system may limit
its widespread clinical use. Furthermore, it has not
previously been validated in prospective, multicenter,
controlled trials in patients with ARF requiring dialysis.

ARF often is part of the multiple organ dys-
function syndrome(16,17). Patients who develop ARF
requiring dialysis often have multiple coexisting
diseases that contribute to the high morbidity and
mortality rates. Mortality in these patients ranged
from 28% to 90%(5,7,17). The overall ICU mortality rate in
the presented patients reached 80%, which was not
different from other previous reports(18-22). In an
HEMODIAFE study, overall ICU and in hospital mor-
tality rates in continuous veno-venous hemodiafil-
tration (CVVHDF) group was 66% and 72% respec-
tively. In the present study, 56% of patients had sepsis,
more than 85% receiving vasopressor support and
almost all (> 94%) were on mechanical ventilation. A
study from India showed 77.27% of in hospital mortality
and 95.5% had severe sepsis(21). This is similar to a
study by Guerin that reported a 79% mortality rate(22).

The patients in the present study had high
severity. All cases need respiratory support with sep-
sis concomitant in 60%, post CPR in 15.6% and 91.1%
needed vasopressor support. With RIFLE classifica-
tion, the presented patients were categorized in RIFLE-
F in 91.1%. The average APACHE II score was 30.8 with
a predicted death rate of 66.4% less than the actual
mortality rate of 80%. This may be due to some other
factors affecting the outcome that was not calculated
in the scoring components.

The factors affecting outcomes from ARF can
be categorized as (1) patient characteristics contribut-
ing to the severity of the underlying disease associ-
ated with ARF; (2) the process of dialysis for replace-
ment of renal function; and (3) other factors, including
practice variations and the impact of post-ARF inter-
ventions(23). Some of these factors can be modified to
improve outcome.

Advanced age and male gender have been
associated variably with adverse outcome for ARF in
previous studies(24,25). One study reported that a
patient’s age of more than 60 years had a higher mor-
tality rate compared with those younger than 60 years.
(76% vs 40%, p < 0.01) Some investigators have con-
cluded that previous health status, comorbidity disease,

patient age, and the number of failed organ systems
influenced the outcome regardless of the modality of
renal support(26,27).

In the present study, outcome was unaffected
by age, gender, presence of pre-existing renal disease,
diabetes, serum BUN, serum Cr and the need for vaso-
pressor support.

Valentine et al reported CVVH parameters in
their study including, the duration of CVVH of 35.93 +
20.91(11 to 84 hours), mean hourly Ultra Filtration (UF)
of 93.72 + 65.57 ml, average filter life of 35.93 + 20.91
hours. Their study showed an overall mortality rate of
77%. The present study showed a shorter duration of
filter life (25.9 + 18.6), longer duration of CVVH treat-
ment (57.8 + 58.9) and less hourly UF (70.22 + 45.4) with
an overall mortality of 80%.

In the outcome study of ARF in ICU accord-
ing to RIFLE criteria, it demonstrated that significant
risk factors associated with ICU death included: SAPS
II, lowest MAP, serum lactate level, urine output and
presence of medical causes (OR 0.82, 1.4, 0.39, 1.0, 8.04
respectively). In the present study, the authors did not
evaluate for serum lactate level and SAPS II. More-
over, instead of MAP, the authors found SBP was asso-
ciated with death similar to that reported by Lins and
et al(28). Finally, the authors did not find the effect of
medical cause and UO to the outcome of the patients.

Another study by Guerin et al showed the
factors associated with decreasing patient survival
including, SAPS II on admission, oliguria, admission
from hospital or emergency room, number of days
between admission and ARF, cardiac dysfunction, and
ischemic ARF. The absence of underlying disease and
hepatic dysfunction were associated with an increase
in patient survival. The type of RRT was not associ-
ated with outcome in this study(22).

Recently, a study by Lins et al(28) found that
the outcome was unaffected by gender, history of
myocardial infarction, chronic renal failure, chronic
obstructive lung disease, chronic liver disease, alco-
hol abuse, diabetes, underlying neoplasm, serum Cr,
glucose, sodium and hemoglobin, white blood cell
count, urinary sodium or urine osmolality.

Many factors were associated with outcome
in the present study including, medical ICU admission,
sepsis, APACHE II score, volume indication for CVVH,
number of indications, duration of hospitalization, sys-
tolic blood pressure, GCS and serum albumin. Finally,
when using logistic regression analysis, the authors
found that only serum albumin level significantly asso-
ciated with outcome. It is important to note that serum
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albumin level is one of the different components
between APACHE II and APACHE III score. Therefore,
using APACHE III scoring system may predict the
outcome more accurately.

One important consideration to improve the
outcome is from a prospective study by Ronco et al in
critically ill patients using CVVH(29). In the present study,
an increased dose of CVVH from 20 ml/kg/hr to 35 ml/
kg/hr was associated with a better outcome. In current
practice, the authors prescribe a fixed standard CVVH
dose of 2 liters per hour, which is not adjusted for body
weight. The authors’ practice is similar to the majority
(> 90%) of CVVH prescription in Australian centers. In
the present study, the mean filtration rate per body
weight was 36.6 ml/kg/hr. This has already achieved
the beneficial dosage to have a good outcome. How-
ever, increasing the CVVH dose to 45ml/kg/hr did not
show an additional effect on prognosis.

From a large trauma center, single retrospec-
tive, nonrandomized cohort study showed that patients
who started on CRRT at a mean BUN of 42.6 mg/dL had
a 39% survival compared to 20% in those who started
at a mean BUN of 94.5 mg/dL(30). There is still no recom-
mendation for clinical practice in timing of initiation of
CRRT. Because of the severity of critically ill patients
with ARF, severe complications can occur and result in
irreversible renal function. Therefore, renal replacement
therapy should begin early to prevent their develop-
ment. This may be another way to improve outcome.
The presented patients were initiated RRT at a mean
BUN of 78.8 + 36.5 mg/dL. Furthermore, recognition of
patients at risk, prevention before ARF occurs, if pos-
sible, and early treatment will be much more effective
than treatment of established ARF.

Several limitations in the present study should
be recognized. First, it was a retrospective study at a
single medical center. Therefore, these results may not
be directly comparable with other populations. Second,
because of no effective and complete computer-aid
database, all data were reviewed from medical records
manually. There were difficulties in collecting some labo-
ratory data or some data was not available. Finally, the
present study had a small sample size with few survivors.

In summary, 80% of critically ill patients with
CVVH treatment died in the hospital. The present study
showed that serum albumin level less than 3 g/dL was
associated with death. The present study helped to
collect useful information on the authors’ current
practice of renal replacement therapy in ICUs. It also
provides a centre-based collection of data that will be
useful in future research.
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การบำบัดทดแทนไตอยา่งต่อเน่ืองแบบ Continuous Veno-Venous Hemofiltration ในโรงพยาบาล
ภูมิพลอดุลยเดช

อนนัต์  เช้ือสุวรรณ, พงศธร  คชเสน,ี อนตุตร  จิตตินันทน์

วัตถุประสงค์: Continuous Veno-Venous Hemofiltration เป็นวธีิการบำบดัทดแทนไตอยา่งตอ่เนือ่งทีใ่ช้กับผู้ป่วยหนกัทีไ่ด้รับ
ความนิยมเพ่ิมมากข้ึนท่ัวโลก ได้ทำการศึกษาประสบการณใ์นการบำบัดทดแทนไตอยา่งต่อเน่ืองในผู้ป่วยของเราทีเ่ข้ารับการรักษา
ในหอผู้ป่วยหนักโรงพยาบาลภูมิพลอดุลยเดชในระยะเวลา 1 ปี โดยมีวัตถุประสงค์เพ่ือท่ีจะบรรยายลักษณะผู้ป่วยและศึกษาหาปัจจัย
ต่าง ๆ  ท่ีสัมพันธ์กับผลของการรกัษา
วัสดุและวิธีการ: ไดท้บทวนบนัทกึประวตักิารรกัษาของผูป่้วยยอ้นหลงัจำนวน 45 รายทีไ่ดรั้บการบำบดัทดแทนไตอยา่งตอ่เนือ่ง
ในหอผู้ป่วยหนกัของโรงพยาบาลภมิูพลอดุลยเดชในระหวา่งวนัท่ี 1 มกราคม พ.ศ. 2548 จนถึงวันท่ี 31 ธันวาคม พ.ศ. 2548
ผลการศกึษา: ผู้ป่วยทีเ่ขา้รว่มการศกึษามอีายเุฉลีย่ 67.7 + 13.3 ปี (27 ถึง 88.4) อัตราสว่นเพศชายตอ่หญงิเทา่กบั 1.4 ต่อ 1
มีผู้ป่วยจำนวน 24 รายทีเ่ขา้รบัการรกัษาในหอผูป่้วยหนกัอายรุกรรม 17 รายเขา้รบัการรกัษาตวัในหอผูป่้วยหนกัโรคหวัใจ และ 4
รายทีอ่ยูใ่นหอผูป่้วยหนกัศลัยกรรม ผู้ป่วยทุกรายไดรั้บการรกัษาดว้ยเครือ่งชว่ยหายใจ และมถึีงรอ้ยละ 91.1 ทีต่อ้งใชย้าชว่ยเพิม่
ความดันโลหิต ผู้ป่วยร้อยละ 60 มีภาวะติดเช้ือในกระแสเลือดร่วมด้วย ผู้ป่วยส่วนใหญ่มีภาวะการเจ็บป่วยอย่างใดอย่างหน่ึงร่วมด้วย
ดังตอ่ไปน้ี โรคหวัใจและหลอดเลอืด ร้อยละ 66.7 โรคตบัและทางเดนินำ้ด ีร้อยละ 35.6 และโรคทางระบบประสาท ร้อยละ 13.3
คร่ึงหน่ึงของผู้ป่วยเหล่าน้ีมีภาวะโรคไตเรือ้รังร่วมด้วยโดยทียั่งไม่ได้รับการฟอกเลอืดร้อยละ 40 และอีกร้อยละ 11.1 เป็นโรคไตวาย
เร้ือรังระยะสดุ ท้ายทีไ่ด้รับการรักษาดว้ยการฟอกเลอืดอยู่ จำนวนอวยัวะทีล้่มเหลวเฉลีย่ของผูป่้วยเทา่กับ 3.18 + 0.1 และร้อยละ
95.6 มีจำนวนอวยัวะทีล้่มเหลวตัง้แต ่2 ระบบขึน้ไป ค่าช่วงคะแนน APACHE II ในผู้ป่วยทีศึ่กษานีมี้ค่าอยูร่ะหวา่ง 15 ถึง 50
โดยมคีา่เฉลีย่เทา่กบั 30.8 + 9.5 โดยสมัพนัธก์บัคา่การทำนายอตัราการเสยีชวีติทีค่ำนวณจากคะแนน APACHE เทา่กบัร้อยละ
21.0 ถึง 97.8 (ค่าเฉลีย่เทา่กบั ร้อยละ 66.4 + 23.4) ข้อบ่งช้ีสำหรบัการบำบดัทดแทนไตอยา่งตอ่เนือ่งไดแ้กค่่าระดบัของเสยีทีสู่ง
ร้อยละ 80.0 การมีภาวะน้ำเกิน ร้อยละ 75.6 การมีภาวะเลือดเป็นกรดอย่างรุนแรง ร้อยละ 42.2 ภาวะโปแตสเสยีมสูง ร้อยละ 35.6
และการขจัดสารพิษ ร้อยละ 2.2 ในจำนวนน้ีมีผู้ป่วยท่ีมีข้อบ่งช้ีในการบำบัดทนแทนไตอย่างต่อเน่ืองด้วยข้อบ่งช้ีท่ีมากกว่าหรือเท่ากับ
2 ข้อถึงร้อยละ 80.0

ค่าเฉล่ียของ BUN และ Creatinine ก่อนเร่ิมการบำบัดทดแทนไตอยา่งต่อเน่ืองมีค่าเท่ากับ 78.8 + 36.5 mg/dl (10.0 ถึง
187.0) และ 5.3 + 3.3 mg/dl (2.0 ถึง 20.2) ตามลำดบั ระยะเวลาในการบำบดัทดแทนไตอยา่งตอ่เนือ่งอยูร่ะหวา่ง 1.5 ถึง 251.0
ช่ัวโมง (คา่เฉลีย่ 57.8 + 58.9) และคา่เฉลีย่ของขนาดการบำบดัทดแทนไตอยา่งตอ่เนือ่งเทา่กบั 36.6 + 7.5 ml/kg/hr (24.6 ถึง
55.6) อัตราการเสยีชวีติโดยรวมเทา่กบัร้อยละ 80 สาเหตสุ่วนใหญข่องการเสยีชวีติ คอืการตดิเชือ้ในกระแสเลอืดรอ้ยละ 44.4
ตามดว้ยเสยีชีวิตจากโรคทางระบบหวัใจและหลอดเลอืด ร้อยละ 15.6 ปัจจัยทีมี่ความแตกตา่งอยา่งมนัียสำคญัทางสถติิในกลุม่
ผู้ท่ีรอดชีวิตและเสียชีวิตได้แก่ การรักษาตัวในหอผู้ป่วยหนักศัลยกรรม (p = 0.021) การติดเช้ือในกระแสเลือด (p = 0.019) ค่าคะแนน
APACHE II (p = 0.011) ข้อบ่งช้ีในเรือ่งภาวะนำ้เกนิในการบำบดัทดแทนไตอยา่งตอ่เนือ่ง (p = 0.028) จำนวนของขอ้บ่งช้ีในการ
บำบัดทดแทนไตอยา่งต่อเน่ือง (p = 0.019) ระยะเวลาในการเขา้รับการรักษาตัวในโรงพยาบาล (p = 0.004) ระดับความดนัโลหิต
ขณะหวัใจบบีตัว (p = 0.012) และระดบัโปรตนีอัลบูมินในเลอืด (p = 0.009) เม่ือได้ทำการวเิคราะหด้์วยสถติิการวเิคราะหค์วาม
ถดถอยแบบ logistic แล้วพบวา่มีเพียงระดบัโปรตีนอัลบูมินในเลอืดท่ีน้อยกวา่ 3 g/dl ท่ีมีความสมัพันธ์กับการเสยีชีวิต
สรุป: จากการศึกษาการรักษาผู้ป่วยด้วยการบำบัดทดแทนไตอย่างต่อเนื่องในโรงพยาบาลภูมิพลอดุลยเดช ในระยะเวลา 1 ปี
แสดงให้เห็นถึงอัตราการเสียชีวิตของผู้ป่วยที่สูงซึ่งไม่ได้แตกต่างจากการศึกษาต่าง ๆ ที่เคยทำมาก่อน ปัจจัยเพียงปัจจัยเดียว
ท่ีพบว่ามีความสัมพันธ์กับการเสียชีวิตในการศึกษาคร้ังน้ีจากการวิเคราะห์ทางสถิติคือ ระดับอัลบูมินในเลือดท่ีต่ำขณะเร่ิมทำการบำบัด
ทดแทนไตอย่างต่อเน่ือง ควรมีการศึกษาแบบไปข้างหน้าเพ่ือยืนยันและหาความสัมพันธ์ท่ีแท้จริงต่อไป


