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Abstract: High-dose vasopressor use is associated with
increasing mortality in patients with septic shock. We con-
ducted this study to determine if the high-dose of vasopres-
sor used before the initiation of continuous renal
replacement therapy (CRRT) is associated with increasing
mortality in critically ill patients. We retrospectively
reviewed all patients who underwent CRRT in the medical
intensive care unit of China Medical University Hospital
between 2003 and 2007. The association between mortality
and highest vasopressors (dopamine and norepinephrine
[NE]) dose used were analyzed using Kaplan–Meier analy-
sis and multivariate Cox regression. A total of 279 patients
(170 men and 109 women) treated with CRRT in medical
intensive care were reviewed and 237 (84.9%) died. In
Kaplan–Meier analysis with log-rank test, dopamine dose
of �20 mg/kg/min and NE dose of �0.3 mg/kg/min were

significantly linked to mortality (P = 0.007 and <0.001). In
multivariate Cox proportional hazards regression, NE dose
of �0.3 mg/kg/min, Acute Physiology and Chronic Health
Evaluation II score, and low platelet count were indepen-
dently linked to mortality. The hazard ratios and 95% con-
fidence interval (CI) were 1.771 (95% CI: 1.247–2.516,
P = 0.001), 1.035 (95% CI: 1.012–1.058, P = 0.003), and
0.997 (95% CI: 0.996–0.999, P = 0.003), respectively.
Critically ill patients treated with very high dose of
NE before the initiation of CRRT have a very high
mortality rate regardless of the acute kidney injury stage.
Key Words: Catecholamines—Mortality—Vasopressor—
Dopamine—Norepinephrine—Intensive care unit—Con-
tinuous renal replacement therapy—Hemofiltration—
Hemodiafiltration—Acute kidney injury.

Dopamine and norepinephrine (NE) are common
vasopressors used in patients with shock and are sug-
gested in the international guidelines for manage-
ment of severe sepsis as well as septic shock (1). The
administration of high NE doses is effective and may
improve survival in high-risk patients (2–4). Early use
of NE may improve mesenteric blood flow, lower
lactate levels, and require less infused volume in
animal models (3).

However, a mean arterial pressure (MAP) of less
than 70 mm Hg after dopamine treatment is associ-
ated with increasing mortality (5) and high-dose NE
treatment is associated with increasing mortality in
septic shock patients (6). Sepsis is one of the most
common causes of acute kidney injury that requires
continuous renal replacement therapy (CRRT)
(7–9), and some patients may benefit from the
removal of sepsis-related cytokines during CRRT
(10). In clinical practice, we found that acute kidney
injury patients treated with a very high dose of vaso-
pressor to maintain blood pressure rarely respond to
treatment with CRRT. We hypothesize that patients
who need very high dopamine or NE doses before
the initiation of CRRT are associated with increasing
mortality.We conducted this study to determine if the
peak vasopressor dose used before starting CRRT
was associated with mortality in critically ill patients.
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PATIENTS AND METHODS

We retrospectively reviewed all patients treated
with continuous veno-venous hemofiltration
(CVVH) and continuous veno-venous hemodiafiltra-
tion (CVVHDF) in the medical intensive care unit
(ICU) at China Medical University Hospital between
2003 and 2007. All CVVH and CVVHDF were per-
formed using 15–20 mL/kg/h of bicarbonate-buffered
replacement fluid between 2003 and 2004, increasing
to 30–40 mL/kg/h of replacement fluid after 2005.The
filters in use are AN 69 M100 (Gambro, Lund,
Sweden) with predilution, blood flow rates of
100 mL/min, dialysate flow rates of 16.7 mL/min for
CVVHDF, and heparin anticoagulation if needed.
The treatment is initiated by a nephrologist and then
carried out by ICU nurses.

The following data were collected: age, gender,
Acute Physiology and Chronic Health Evaluation
(APACHE) II (11), Sequential Organ Failure Assess-
ment (SOFA) score (12), Risk, Injury, Failure, Loss of
kidney function, End-stage kidney disease (RIFLE)
classification (13), and AKIN (acute kidney injury
network) classification modified from the RIFLE cri-
teria (14) of acute kidney injury on the initiation of
CRRT. The highest dose of vasopressor including
dopamine and NE used before starting CRRT were
recorded and biomarkers on admission to ICU were
also recorded for analysis. Sepsis was defined as sys-
temic inflammatory response syndrome with an
infection (15). Patient survival was recorded from the
initiation of CRRT until death or 60 days.

Statistical analysis
The clinical and demographic data were reported

as mean � standard deviation or percent frequency,
as appropriate. Statistical significance testing was
conducted using t-test, chi-square test, and Mann–
Whitney U-test, as appropriate. Receiver operating
characteristic (ROC) curve and area under curve
(AUC) were created to identify the dopamine and
NE dose in association with mortality. Patients’ sur-
vival was analyzed using Kaplan–Meier estimate with
log-rank test according to the highest dopamine dose
�20 or <20 mg/kg/min and NE dose �0.3 or <0.3 mg/
kg/min. Possible prognostic factors including dopam-
ine dose, NE dose, APACHE II, SOFA score, septic
shock, mechanical ventilation, MAP, serum potas-
sium, creatinine, urine output, platelet counts,
RIFLE, and AKIN classification were analyzed using
univariate Cox regression. Prognostic factors that
were significant in univariate Cox regression were
included in the multivariate Cox proportional
hazards regression. A P value of less than 0.05 was

considered statistically significant. All calculations
were carried out using a standard statistical package
(SPSS for Windows, version 12, SPSS Inc, Chicago,
IL, USA).

RESULTS

A total of 279 patients (170 men and 109 women)
with a mean age of 63.9 � 16.1 years, treated with
CRRT in medical ICU, were reviewed and 237 (84.
9%) patients died. The demographic characteristics
of the entire study group are shown in Table 1, and
24-h urine output was 0.2 � 0.4 L and serum creati-
nine was 4.6 � 3.8 mg/dL. The nonsurvivors had sig-
nificantly lower platelet counts and lower MAPs than
survivors (P = 0.001 and P = 0.047). The SOFA score
was 16.1 � 3.8 for patients who died, significantly
higher than the SOFA score (13.6 � 3.5) of survivors
(P < 0.001). However, the APACHE II score
(P = 0.119) and the percentage of RIFLE-R, -I and -F
classification were not significantly different between
survivors and nonsurvivors (P = 0.067). The highest
dopamine and NE doses used were 19.2 � 11.2 and
0.65 � 0.59 mg/kg/min in nonsurvivors, significantly
higher than that (12.1 � 6.5 and 0.27 � 0.19 mg/kg/
min) of survivors (P < 0.001 and <0.001). The dura-
tion of the admission of ICU to the time of highest
NE dose used ranged from 0 to 31 h (median: 1 h) in
survivors and ranged from 0 to 51 h (median: 1 h) in
nonsurvivors (P = 0.573, Mann–Whitney U-test). The
duration of the time of highest NE used to the initia-
tion of CRRT was from 0 to 87 h (median: 5 h)
among survivors and from 0 to 79 h (median: 7 h)
among nonsurvivors (P = 0.09, Mann–Whitney
U-test). The ROC curve of APACHE II, RIFLE,
AKIN classification, and the highest dopamine and
NE doses in association with mortality are shown in
Fig. 1. The AUC for dopamine and NE were 0.699
and 0.765, respectively, suggesting the peak dose of
NE may be a better predictor than dopamine and
APACHE II. The sensitivity, specificity, positive pre-
dictive value, and negative predictive value for NE
dose of �0.3 mg/kg/min were 68.4, 77.1, 93.5, and
33.6%. As shown in Figs. 2 and 3, the peak dopamine
dose of �20 mg/kg/min and NE dose of �0.3 mg/kg/
min were significantly associated with mortality
(P = 0.0074 and P < 0.001, log rank test). Of 169
(60.6%) patients treated with a peak NE of �0.3 mg/
kg/min, 158 (93.5%) patients died in the 60 days since
the initiation of CRRT. The percentage was signifi-
cantly higher than that (73/110, 66.4%) of patients
treated with a peak NE of <0.3 mg/kg/min (P < 0.001).

The clinical characteristics based on the highest
NE dose used are shown in Table 2; the APACHE II
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scores were not significantly different between
patients with a NE dose of �0.3 mg/kg/min and those
with a NE dose of <0.3 mg/kg/min (P = 0.196). The
SOFA score (16.2 � 3.7 vs. 14.9 � 4.1, P = 0.01) and
MAPs (50.8 � 8.9 vs. 55.6 � 10.7 mm Hg, P < 0.001)
were significantly higher in patients treated with a
NE dose of �0.3 mg/kg/min. The variables with a
P < 0.05 in Tables 1 and 2 were analyzed using
univariate Cox regression and the variables with a
P < 0.05 including NE, dopamine, APACHE II score,
SOFA score, platelet, MAP, and septic shock were
included in multivariate Cox proportional hazard
regression. Urine output (P = 0.109), RIFLE (P =
0.315), and AKIN classification (P = 0.37) are specific
prognostic factors in patients with acute kidney
injury, and were also considered in multivariate Cox
proportional hazard regression. As shown in Table 3,
the peak NE dose of �0.3 mg/kg/min, APACHE II,
and low platelet counts were independently associ-
ated with 60 days mortality. The hazard ratios were
1.771 (95% confidence interval [CI]: 1.247–2.516,
P < 0.001) for NE, 1.035 (95% CI: 1.012–1.058, P =
0.003) and 1.026 (95% CI: 1.007–1.046, P = 0.008) for
every one-point increase of APACHE II score, and

0.997 (95% CI: 0.996–0.999, P = 0.003) for every
103/mL increased platelet counts.

DISCUSSION

In this study, we showed a strong association
between the highest vasopressor used before CRRT
and patients’ mortality in critical patients with acute
kidney injury. Patients treated with a NE dose of
�0.3 mg/kg/min were associated with a 77% increase
of mortality and only 6.5% of patients survived on the
60th day. Our finding supports an important clinical
issue in the practice of intensive care: critically ill
patients treated with a very high dose of vasopressor
have a very high mortality rate and CRRT may not
improve patients’ outcome in our cohort.The associa-
tion between the highest NE dose and morality can be
explained by the poor cardiovascular response to cat-
echolamine (5,16). Similar to our finding, previous
studies (6,17–19) have also shown a high mortality
rate in septic shock patients treated with a very high
NE dose. More prospective interventional studies are
needed to determine if CRRT before very high vaso-
pressor use in critically ill patients improves patient
survival.

TABLE 1. Clinical and demographic characteristics of entire study population

All patients (n = 279) Survivors (n = 48) Nonsurvivors (n = 231) P

Age (years) 63.9 � 16.1 62.5 � 16.2 64.2 � 16.0 0.512
Male sex 170 (60.9) 25 (52.1) 145 (62.8) 0.167
APACHE II 23.9 � 8.1 22.2 � 7.8 24.2 � 8.2 0.119
SOFA score 15.7 � 3.9 13.6 � 3.5 16.1 � 3.8 <0.001
Sepsis 120 (43) 12 (25) 108 (46.8) 0.006
Septic shock 85 (30.5) 28 (58.3) 57 (24.7) <0.001
Mechanical ventilation 55 (19.7) 16 (33.3) 39 (16.9) 0.009
MAP 53 � 10 56 � 12 52 � 9 0.047
pH 7.32 � 0.14 7.32 � 0.14 7.32 � 0.14 0.936
Potassium (mEq/L) 4.5 � 1.3 4.9 � 1.5 4.4 � 1.2 0.019
BUN (mg/dL) 70 � 49 70 � 55 70 � 48 0.974
Creatinine (mg/dL) 4.6 � 3.8 5.6 � 5.9 4.4 � 3.1 0.162
Urine output (L/24 h) 0.2 � 0.4 0.3 � 0.3 0.2 � 0.4 0.515
Platelets (¥103/mL) 157 � 113 207 � 133 147 � 106 0.001
Dopamine (mg/kg/min) 18 � 10.8 12.1 � 6.5 19.2 � 11.2 <0.001
NE (mg/kg/min) 0.6 � 0.57 0.27 � 0.19 0.65 � 0.59 <0.001
RIFLE classification

Nonclassified 16 (5.7) 6 (12.5) 10 (4.3) 0.123
Risk 20 (7.2) 4 (8.3) 16 (7.4)
Injury 21 (7.5) 4 (8.3) 17 (7.4)
Failure 173 (62) 24 (50) 149 (79.7)
Loss 20 (7.2) 6 (12.5) 14 (6.1)
ESKD 29 (10.4) 4 (8.3) 25 (10.8)

AKIN
1 29 (10.4) 8 (16.7) 21 (9.1) 0.069
2 21 (7.5) 5 (10.4) 16 (6.9)
3 214 (76.7) 30 (62.5) 184 (79.7)

Data are presented as mean � standard deviation or as number (%). P values are for Student’s t-test or chi-square test.
BUN, blood urea nitrogen; APACHE II, Acute Physiology and Chronic Health Evaluation II; SOFA, Sequential Organ Failure Assess-

ment; MAP, mean arterial pressure; NE, norepinephrine; RIFLE, Risk, Injury, Failure, Loss of kidney function, End-stage kidney disease;
ESKD, end-stage kidney disease; AKIN, Acute Kidney Injury Network.
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FIG. 1. ROC curve and the area under
ROC curve of norepinephrine, dopamine,
and disease severity scores in association
with 60-day mortality. Peak NE and
dopamine dose used before the initiation
of continous renal replacement therapy.

FIG. 2. Kaplan–Meier survival curve for
patients with dopamine dose �20 or
<20 mg/kg/min.
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FIG. 3. Kaplan–Meier survival curve for
patients with norepinephrine dose of �0.3
or <0.3 mg/kg/min.
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TABLE 2. Comparison between patients who were treated with peak NE doses � or <0.3 mg/kg/min

Characteristics NE<0.3 mg/kg/min (n = 110) NE�0.3 mg/kg/min (n = 169) P

Age (years) 64.0 � 16.1 63.9 � 16.1 0.944
Male sex 64 (58.2) 106 (62.7) 0.448
Mortality (60 days) 73 (66.4) 158 (93.5) <0.001
APACHE II 23.1 � 7.7 24.4 � 8.4 0.196
SOFA score 14.9 � 4.1 16.2 � 3.7 0.010
Sepsis 42 (38.2) 78 (46.2) 0.189
Septic shock 62 (56.4) 132 (78.1) <0.001
Mechanical ventilation 82 (74.5) 142 (84) 0.052
MAP (mm Hg) 56 � 11 51 � 9 <0.001
pH 7.32 � 0.14 7.32 � 0.14 0.718
Potassium (mEq/L) 4.7 � 1.5 4.4 � 1.1 0.063
BUN (mg/dL) 73 � 48 68 � 50 0.394
Creatinine (mg/dL) 4.8 � 4.1 4.5 � 3.6 0.423
Urine output (L/24 h) 0.3 � 0.4 0.2 � 0.4 0.149
Platelets (¥103/mL) 168 � 119 150 � 109 0.182
RIFLE classification

Nonclassified 7 (6.4) 9 (5.3) 0.762
Risk 10 (9.1) 10 (5.9)
Injury 10 (9.1) 11 (6.5)
Failure 63 (57.3) 110 (65.1)
Loss 9 (8.2) 11 (6.5)
ESKD 11 (10) 18 (10.7)

AKIN
1 14 (12.7) 15 (8.9) 0.393
2 11 (10) 10 (5.9)
3 79 (71.8) 135 (79.9)

Data are presented as mean � standard deviation or as number (%). P values are for Student’s t-test or chi-square test.
BUN, blood urea nitrogen; APACHE II, Acute Physiology and Chronic Health Evaluation II; SOFA, Sequential Organ Failure Assess-

ment; MAP, mean arterial pressure; NE, norepinephrine; RIFLE, Risk, Injury, Failure, Loss of kidney function, End-stage kidney disease;
ESKD, end-stage kidney disease; AKIN, Acute Kidney Injury Network.
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The high mortality rate (84.9%) in our study may
be explained by the high percentage of AKIN classi-
fication 3 (76.7%) and RIFLE-F (62%). Because we
reviewed all patients treated with CRRT in medical
ICU, acute kidney injury patients with stable hemo-
dynamic status treated by intermittent hemodialysis
who have a better survival rate were not included in
our cohort. A similar mortality rate (69 and 76%) of
patients with RIFLE-F was also shown in previous
studies (20,21). Because serum creatinine and urine
output are the most important prognostic factors in
patients with acute kidney injury (3,9,14,20–22), the
high 60-day mortality rate (86%) in our study can be
explained by the very low average urine output of
0.3 L/24 h and high serum creatinine (4.8 � 4.1 mg/
dL) in our patients. In the previous studies, the
patients had an average urine output of 2 L/24 h and
a serum creatinine of 1–2 mg/dL (20–22).

The effect for CRRT in improving survival in criti-
cally ill patients remains surrounded by conflicting
results (7–9). One of the most advanced indications
for CRRT is multiple organ dysfunction in septic
patients. The removal of pro-inflammatory mediators
permit a blockade of the systemic inflammation, a
modulation of the altered immune response, and a
restoration of the lost homeostasis (8). In our study,
the septic patients had a 90% (108/120) mortality
rate, significantly higher than the 77.4% (123/159)
mortality rate of patients without sepsis (P = 0.006,
chi-square test). Another concern regarding acute
kidney injury studies is when a stable survival rate is
reached. Longer follow-up results in a higher mortal-
ity rate and may not reflect the real mortality related
to acute kidney injury. Shorter follow-up may not
show the real outcomes either. An optimal follow-up
period for 60 days for patients with acute kidney

injury was suggested by Bell et al. (23). In our study,
only six patients died after 60 days, and 97.5% (231/
237) of patients died within 60 days.

CONCLUSION

Critically ill patients were treated with a high dose
of NE before CRRT; nevertheless, the stage of acute
kidney injury has a very high mortality rate. CRRT
for acute kidney injury in our cohort may provide
little help in the high-risk patients. More studies are
needed to determine if CRRT before a very high
dose of vasopressor treatment improves patients’
outcome.
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