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According to the guidelines for cardiogenic shock, norepinephrine is associated with fewer arrhythmias than dopamine and may be the better first-line vasopressor agent. This study aimed to evaluate the utility of norepinephrine vs. dopamine as first-line vasopressor agent for cardiovascular shock depending on the presence and severity of renal dysfunction at hospitalization. This was a secondary analysis of the prospective, multicenter Japanese Circulation Society Cardiovascular Shock Registry (JCS Shock Registry) conducted between 2012 and 2014, which included patients with shock complicating emergency cardiovascular disease at hospital arrival. The analysis included 240 adult patients treated with norepinephrine alone (n = 98) or dopamine alone (n = 142) as the first-line vasopressor agent. Primary endpoint was mortality at 30 days after hospital arrival. The two groups had similar baseline characteristics, including estimated glomerular filtration rate (eGFR), and similar 30-day mortality rates. The analysis of the relationship between 30-day mortality rate after hospital arrival and vasopressor agent used in patients categorized according to the eGFR-based chronic kidney disease classification revealed that norepinephrine as the first-line vasopressor agent might be associated with better prognosis of cardiovascular shock in patients with mildly compromised renal function at admission (0.0 vs. 22.6%; P = 0.010) and that dopamine as the first-line vasopressor agent might be beneficial for cardiovascular shock in patients with severely compromised renal function [odds ratio; 0.22 (95% confidence interval 0.05–0.88; P = 0.032)]. Choice of first-line vasopressor agent should be based on renal function at hospital arrival for patients in cardiovascular shock.

Clinical Trial Registration: http://www.umin.ac.jp/ctr/, Unique identifier: 000008441.
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INTRODUCTION

The number of patients with chronic kidney disease (CKD) has been markedly increasing worldwide (1). CKD is an important risk factor for cardiovascular events and accounts for all-cause mortality in patients with cardiovascular disease (CVD) (2–5). Moreover, cardiogenic shock is a serious cardiovascular event associated with a high mortality rate (6–8). In patients with cardiogenic shock, vasopressor agents are indicated in patients with severe or persistent hypotension despite fluid administration, and various vasopressor agents have been used for the treatment of cardiogenic shock. According to the clinical statements and guidelines for the management of cardiogenic shock, norepinephrine is associated with fewer arrhythmias and is therefore the vasopressor agent of choice in many patients with cardiogenic shock; however, the optimal first-line vasopressor agent for cardiogenic shock patients remains unclear (9, 10). To our knowledge, no clinical studies to date have investigated the effects of first-line vasopressor agents for cardiogenic shock in patients with poor renal function.

We previously reported that estimated glomerular filtration rate (eGFR) was a strong predictor of 30-day mortality in patients in cardiovascular shock (11); consistent with this finding, other studies also reported that a history of CKD, presence of renal dysfunction at hospitalization, and acute renal dysfunction were strong predictors of 30-day mortality in patients in cardiogenic shock (12–15). In addition, some vasopressor agents are known to impact renal blood flow. Specifically, the administration of norepinephrine usually results in reduced blood flow to organs, particularly to kidneys (16), and the administration of low-dose dopamine, which selectively activates dopamine-specific receptors in renal and visceral blood vessels, results in increased blood flow to kidneys (17).

Therefore, we aimed to evaluate the utility of norepinephrine vs. dopamine for patients in cardiovascular shock and to elucidate the efficacy of vasopressors based on the presence and extent of renal dysfunction at the time of hospitalization in these patients.



METHODS


Study Design

This was a secondary analysis of the Japanese Circulation Society Cardiovascular Shock Registry (JCS Shock Registry) (11). We have previously conducted a prospective, observational, multicenter cohort study based on the JCS Shock Registry (11, 18, 19). Patients diagnosed with cardiovascular shock complicating emergency CVD were registered from 82 centers in Japan between May 2012 and June 2014 (11). Maintenance of the registry was approved by the ethics committee of each participant hospital, and the present study was registered with the University Hospital Medical Information Network Clinical Trials Registry (UMIN000008441; http://www.umin.ac.jp/ctr/index/htm/). We prepared the manuscript according to the strengthening the reporting of observational studies in epidemiology (STROBE) guidelines.

The design and data collection methods for the JCS Shock Registry have been reported previously (11). Briefly, patients eligible for inclusion in the JCS Shock Registry had out-of-hospital onset of cardiovascular shock and met one major criterion and one or more minor criteria described below. The major criteria were systolic blood pressure ≤ 100 mmHg, including decline of systolic blood pressure by >30 mmHg from the usual value, and heart rate < 60 beats/min or > 100 beats/min. The minor criteria were the presence of cold sweating, skin pallor, cyanosis, capillary refill time > 2 s, and altered consciousness. Patients who had out-of-hospital cardiac arrest without return of spontaneous circulation on arrival at hospital and those younger than 16 years of age were excluded. The causes of cardiovascular shock included acute coronary syndrome, non-ischemic arrhythmia, aortic disease, myocarditis, cardiomyopathy, pulmonary thromboembolism, valvular heart disease, infective endocarditis, cardiac tamponade, and others.



Study Patients

Patients from the JCS Shock Registry who were administered intravenous norepinephrine alone or dopamine alone as the first vasopressor agent within 24 h of arrival at the emergency department (ED) were included in the present study. Patients who received both agents were excluded because it was difficult to determine which of the two drugs was used initially or whether both were used simultaneously. In addition, patients who received intra-aortic balloon pump (IABP) support and/or veno-arterial extracorporeal membrane oxygenation (VA ECMO) were excluded for the same reason.

To analyze the relationship between mortality rate at 30 days after hospital arrival and vasopressor agent use, the patients were categorized into four groups according to the eGFR-based CKD classification: CKD stage G0/1/2, eGFR > 60 mL/min/1.73 m2 (Group G0/1/2); CKD stage G3a, eGFR 45–59 mL/min/1.73 m2 (Group G3a); CKD stage G3b, eGFR 30–44 mL/min/1.73 m2 (Group G3b); and CKD stage G4/5, eGFR <30 mL/min/1.73 m2 (Group G4/5). The following three-variable Japanese equation for GFR estimation based on serum creatinine (SCr) level and age, which is recommended in both clinical settings and epidemiological studies, was used: eGFR = 194 × SCr−1.094 × age−0.287 × 0.739 (if female) (20).



Endpoints

The primary endpoint was mortality rate at 30 days after hospital arrival in the entire study population. The secondary endpoint was the 30-day mortality rate after hospital arrival in each group.



Statistical Methods

Data were expressed as medians with interquartile range for continuous variables and as percentages for discrete variables. Baseline characteristics of the subjects enrolled in the present study were compared using the chi-square test for categorical variables and the Mann-Whitney U test for continuous variables, as appropriate. The primary endpoint was compared using the chi-square test, and a P ≤ 0.05 were considered to indicate statistical significance.

Trends were examined using univariate regression models. Multivariable logistic regression analysis was used to assess the contribution of the administered vasopressor agent to 30-day mortality after hospital arrival, and odds ratios (ORs) with 95% confidence intervals (CIs) were calculated. Potential confounding factors based on biological plausibility and previous studies were included in the multivariable logistic regression analysis. These variables included age, sex (male, female), systolic blood pressure at ED arrival, heart rate at ED arrival, respiratory rate at ED arrival, pathophysiology of shock (pump, non-pump, including volume, and rate), CKD stage based on eGFR, and administration of vasopressor agents (norepinephrine or dopamine) (6, 11, 21).




RESULTS


Patient Population

Of a total of 1,004 patients entered in the JCS Shock Registry, 979 eligible patients were included in the present study (Figure 1) (11). Among these, 361 patients did not receive norepinephrine or dopamine and 215 patients received both norepinephrine and dopamine. Among the remaining 403 patients who received norepinephrine or dopamine alone, 163 patients who received IABP and/or VA ECMO support were excluded. Therefore, the final study population included the remaining 240 patients (Figure 1).


[image: Figure 1]
FIGURE 1. Study profile. OHCA, out-of-hospital cardiac arrest; ROSC, return of spontaneous circulation; IABP, intra-aortic balloon pumping; VA ECMO, veno-arterial extracorporeal membrane oxygenation.




Baseline Characteristics

In the study population of 240 patients, 98 (40.8%) and 142 (59.2%) patients received norepinephrine alone and dopamine alone, respectively, and the number of patients administered dopamine alone was significantly higher than that of patients administered norepinephrine alone (P = 0.005). The characteristics of the patients are presented in Table 1. There were no significant differences in the baseline characteristics between the norepinephrine and dopamine groups. According to the eGFR-based CKD classification, the study population included 46, 57, 72, and 62 patients in Group G0/1/2, G3a, G3b, and G4/5, respectively.


Table 1. Patient characteristics.
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Primary Outcome

Table 2 shows the outcomes in the entire study population. The mortality rate at 30-day after hospital arrival was 26.5% in the norepinephrine group and 25.4% in the dopamine group (P = 0.838). In the multivariate logistic regression analysis including the entire study population, the adjusted OR for 30-day mortality in the dopamine group compared to the norepinephrine group was 1.00 (95%CI 0.48–2.09; P = 0.994) (Table 2). In addition, the 30-day mortality rate was lower in the subgroups with better renal function (Group G0/1/2 vs. G3a, G3b, and G4/5 13.0 vs. 12.3, 33.3, and 38.7%; P = 0.001). In the multivariate logistic regression analysis of the entire study population, the adjusted ORs for 30-day mortality in the patients with Group G3a, G3b, and G4/5 were 0.97 (95%CI 0.25–3.66; P = 0.959), 3.33 (95%CI 1.24–8.95; P = 0.135), and 4.21 (95%CI 1.55–12.2; P = 0.029), respectively, compared to the patients with Group G0/1/2 (Table 2). Similar results were observed based on the analysis of the norepinephrine group alone (Supplementary Table 1). Conversely, in the dopamine group (Supplementary Table 2), no significant differences in 30-day mortality rate were noted among the four groups.


Table 2. In entire study population, factors associating with 30-day mortality after hospital arrival.
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Secondary Outcome

We examined the relationship between the 30-day mortality rate and vasopressor use in each group according to the CKD stage (Table 3). The characteristics of the patients in each group are presented in Supplementary Tables 3–6. Among the patients with stage Group G3a, the 30-day mortality rate was significantly lower in the norepinephrine group than in the dopamine group (0.0 vs. 22.6%; P = 0.010). However, among the patients with Group G4/5, the mortality rate tended to be higher in the norepinephrine group than in the dopamine group (51.9 vs. 28.6%; P = 0.062). Furthermore, there was no significant difference in the 30-day mortality rate between the norepinephrine vs. dopamine groups among patients with Group G0/1/2 (norepinephrine vs. dopamine, 13.3 vs. 12.9%; P = 0.968) and among those with Group G3b (norepinephrine vs. dopamine, 34.5 vs. 32.6%; P = 0.865). In the multivariate logistic regression analysis, the adjusted ORs for 30-day mortality in the dopamine group compared to the norepinephrine group were 15.1 (95%CI 0.08–2,928, P = 0.312), 0.60 (95%CI 0.15–2.47; P = 0.474), and 0.22 (95%CI 0.05–0.88; P = 0.032) in patients with Group G0/1/2, G3b, and G4/5, respectively.


Table 3. Relation between administration of vasopressor agents and 30-day Mortality After Hospital Arrival in each group.
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DISCUSSION

In the present study based on the largest nationwide registry of patients with cardiovascular shock caused by various causes of CVD, we assessed the actual use and utility of vasopressor agents for cardiovascular shock within 24 h of arrival at ED in patients with poor renal function. We showed the first-line vasopressor agent, such as norepinephrine and dopamine, should be chosen based on renal function at hospital arrival for patients in cardiovascular shock. As the patients in the present study reflect the real-world situation, our findings have important implications for clinical practice, especially in cases where determining the origin of cardiovascular shock is difficult at hospital arrival.

The present study indicated that the 30-day mortality rate was significantly lower in patients with eGFR 45–59 ml/min/1.73 m2 treated with norepinephrine compared to those treated with dopamine. Conversely, among patients with eGFR < 30 ml/min/1.73 m2, the 30-day mortality rate was significantly higher in those treated with norepinephrine than in those treated with dopamine. In a randomized multicenter study (6), the 28-day mortality rate for patients in shock did not differ significantly between those administered dopamine and those administered norepinephrine as the vasopressor agent of first choice, although the incidence of arrhythmias was higher in patients treated with dopamine than in those treated with norepinephrine as the initial vasopressor agent. In addition, the same study reported that the dopamine treatment was more closely associated with increased 28-day mortality rate than the norepinephrine treatment for patients in cardiogenic shock whereas a similar association was not found for patients in septic or hypovolemic shock (6). Some studies have also recommended norepinephrine as the vasopressor agent of first choice as it primarily stimulates alpha adrenergic receptors, causing an elevation in systemic vascular resistance in a volume-dependent manner, and modestly stimulates cardiac beta adrenergic receptors, thereby aiding in the maintenance of cardiac output (10, 22). Thus, norepinephrine may be superior to dopamine, considering the lower risk of adverse reactions including tachycardia and other arrhythmias, which is the presumed cause for its recommendation for patients in shock (10, 22). However, they did not comment on the utility of norepinephrine or dopamine in patients with poor renal function.

The present study revealed that the 30-day mortality rate was significantly higher in patients with an eGFR <45 mL/min/1.73 m2 than in those with an eGFR > 45 mL/min/1.73 m2 among those treated with norepinephrine. However, the 30-day mortality rate in patients treated with dopamine as the initial vasopressor agent was similar regardless of the level of renal function at admission. Numerous epidemiological studies have demonstrated that the progression of nephropathy is directly associated with an increase in the frequency of cardiovascular events (3, 23–25). An observational study involving 1.12 million adults in the United States has revealed that the mortality rate and CVD incidence increased significantly with decreasing eGFR (3). The rate of increase in CVD-associated mortality rate is higher than the rate of decline in renal function, indicating the importance of suppressing the risk of death from CVD in addition to suppressing CKD progression as a major treatment goal in patients with CKD (26, 27). A major reason for this proposal was the finding that an increase in CKD stage from G3a (eGFR 45–59 mL/min/1.73 m2) to G3b (eGFR 30–44 mL/min/1.73 m2) was associated with a marked increase in the risk for CVD and the onset of terminal renal failure (28).

The present study has several limitations. First, this was not a randomized controlled trial. Second, details of the treatment, such as administration of norepinephrine and/or dopamine and administration of the other agents, were left to the physician's discretion at each hospital. The exact norepinephrine and dopamine doses and durations used in the study patients were not always known. Dopamine is an endogenous catecholamine and serves as a neurotransmitter and norepinephrine precursor. Dopamine activates diverse receptors in a dose-dependent manner. Specifically, low-dose dopamine selectively activates dopamine receptors of the renal and visceral blood vessels, leading to increased blood flow (17). Low-dose dopamine also acts directly on tubular epithelial cells, causing an increase in the excretion of sodium into urine, which is not dependent on the increase of renal blood flow (29). Conversely, norepinephrine stimulates alpha adrenergic receptors, causing a blood volume-dependent increase in systemic vascular resistance. This vasoconstrictive activity usually leads to reduced organ blood flow, in particular renal blood flow (16). Therefore, the optimal doses and durations of these vasopressor agents should be elucidated in future studies. Third, the present study excluded patients who received IABP or VA ECMO support; the analyses including these patients did not reveal a significant difference in the 30-day mortality rate after hospital arrival between those treated with dopamine and those treated with norepinephrine as the initial vasopressor agent. Furthermore, in both patients with and without compromised renal function at admission, the multivariate logistic regression analysis revealed a minimal difference in the 30-day mortality between patients treated with norepinephrine and dopamine as the initial vasopressor agent. Fourth, details of the treatment, including to decide vasopressor agents, were left to the physician's discretion at each hospital. Finally, SCr and not urine output was recorded at admission in the study population, and it was often difficult to confirm whether the patients had acute kidney injury or CKD. Among 979 patients in the JCS Shock Registry, the median time from onset to hospital arrival was 72 min (interquartile range, 40–284 min) (11). Therefore, we considered that the eGFR values calculated at the time of ED arrival reflected the chronic renal function status. However, for severe shock patients, it might be important to decide vasopressor agents by eGFR at admission in ED despite acute kidney injury or CKD. In future studies, it is necessary to record eGFR and urine output overtime to clarify this issue.

In conclusion, the first-line vasopressor agent should be chosen based on renal function at hospital arrival for patients in cardiovascular shock. Furthermore, in patients with mildly compromised renal function at admission (eGFR 45–59 mL/min/1.73 m2), norepinephrine as the vasopressor agent of first choice might be associated with better prognosis. Conversely, in patients with severely compromised renal function (eGFR < 30 mL/min/1.73 m2), dopamine might be more beneficial as the first-line vasopressor agent. Future studies are warranted to elucidate optimal therapeutic strategies for patients with compromised renal function presenting with cardiovascular shock.
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Variable Mortality (%) ~ Crude OR  AdjustedOR  P-value

(95%Cl) (95%Cl)

Age—yr 1.029 1.037 0.065
(1.002-1.057)  (0.998-1.078)

Sex 25/97 (258)  (Reference)  (Reference)

Female

Male 37/143 (25.9) 1.005 1.341 0.459
(0.558-1.812)  (0.617-2.916)

SBP on ED 0990 0990 0.164

arrival (0.980-0.999)  (0.977-1.004)

HR on ED arrival 1.001 1.003 0570
(0.994-1.009)  (0.993-1.013)

RR on ED arrival 0968 0979 0318
(0.937-0.999)  (0.940-1.020)

The 22/113(19.5)  (Reference)  (Reference)

pathophysiology

of shock"

Non—pump

Pump 40/127 (31.5) 1.902 2278 0.085
(1.046-8.457)  (1.062-4.888)

eGFR 6/46(130)  (Reference) (Reference)

Gor1/2

G3a 7/57 (12.3) 0933 0966 0959
(0201-2.998)  (0.255-3.657)

G3b 24/72 (33.3) 3.333 2.463 0.135
(1.241-8.954)  (0.756-8.032)

G4/5 24/62 (38.7) 4211 3.748 0.029
(1.551-11.43)  (1.148-12.24)

Administration of 26/98(26.5)  (Reference)  (Reference)

vasopressor

agents

Norepinephrine

Doparmine 36/142 (25.4) 0940 1.003 0994

(0.523-1.691)  (0.480-2.004)

“the pathophysiology of shock consisted of pump and non-pump inclucing volume and
rate. OR, odds ratio; Cl, confidence interval; SB, systolic blood pressure; ED, emergency
department: HB, heart rate; eGFR, estimated glomerular filtration rate.
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eGFR Variable Mortality (%) Crude OR Adjusted OR P-value

(mL/min/ (95%Cl)  (95%Cl)

1.73m?)

> 60 Norepinephrine  2/15 (13.3)  (Reference)  (Reference)

(©0/1/2)  Dopamine 4/31(129) 0963 1512 0312
(0.156-5.954) (0.078-2,928)

45-59 Norepinephrine  0/26 (0.0)  (Reference)  (Reference)

(G3a) Dopamine 7/31(22.6) - - -

30-44 Norepinephrine 10/29 (34.5) ~ (Reference)  (Reference)

(G3b) Dopamine 14/43 (32.6) 0917 0598 0.477
(0.339-2.485) (0.145-2.466)

<30 Norepinephrine 14/27 (51.9) ~ (Reference)  (Reference)

(G4/5) Dopamine 10/35 (28.6) 0371 0217 0.032

(0.180-1.064) (0.054-0.877)

eGFR, estimated glomerular filtration rate; OR, odds ratio; Cl, confidence interval.
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Characters Norepinephrine ~ Dopamine  P-value
group (n = 98) group (n = 142)

Age-yr median (IQR) 75 (67-82) 76 (67-89) 0977
Meale sex—no. (%) 60(61.2) 83(58.5) 0,668
The pathophysiology of 0.387
shock—no. (%)

Pump 57 (68.2) 70 (49.3)

Volume 20(20.4) 37 (26.1)

Rate 21 (21.4) 35 (24.6)

Cardiogenic source—no. (%) 0261
ACS 45 (45.9) 46(32.4)

Arthythmia 10 (10.2) 28(19.7)

Portic disease 15 (15.3) 44(31.0)

The others 28(28.6) 24(16.9)

SBP on ED arrival-mmHg 72 (50-85) 78 (60-87) 0.100
median (QR)

HR on ED arrival—beats/min 67(39-98)  72(42-10) 0430
median (QR)

RR on ED arrival—per min 20 (15-25) 20 (12-26) 0.971
median (IQR)

BT on ED—degree centigrade  36.0(35.0-36.0) 36.0 (35.0-36.0)  0.586
median (QR)

Arterial pH on ED arrival* 7.32(7.14-7.39) 7.30 (7.18-7.38)  0.904
median (QR)
Atterial Lactate on ED 2.90(1.00-7.50) 4.90 (2.80-7.80)  0.379

arrival—mmol/I** median (IQR)

€GFRat ED arrival’ median  43.7 (27.1-55.4) 43.1(30.1-59.6) 0255
(IR

LVEF on ED arrival median (IQR) 49.0 (35.5-60.0) 50.0 (39.0-65.5)  0.191

Heart failure, —no. (%) 57 (58.8) 78(55.7) 0.641
Out-of-hospital cardiac arrest 24.(24.5) 38(26.8) 0,693
before hospital arrival,—no. (%)

Mechanical ventilation—no. (%) 38 (38.8) 63 (44.4) 0.389
Continuous 2(20) 428 0,698
hemodiafitration—no. (%)

Patients treated anti-arrhythmic 7(7.1) 12(8.5) 0.083
agents within 12h of arrival at

ED—no. (%)

The volume of infusion within 0.141
30min of arrival at ED—no. (%)"

<500mi 8/20 (40.0) /37 (216)

> 500mI 12/20 (60.0)  20/37 (78.4)

“the arterial ph was recorded for 72 patients in the norepinephrine group and for 115
patients in the dopamine group.

“the arterial lactate was recorded for 55 patients in the norepinephrine group and for 83
patients the dopamine group.

Sthe estimated glomerular fitration rate (€GFR) was recorded for 97 patients in the
norepinephrine group and for 140 patients in the dopamine group.

#the number of patients who treated the volume of infusion within 30min of arrival at
emergency department was divided by the number of patients who the pathophysiology
of shock was “volume'.

ACS, acute coronary syndrome; SBR, systolic blood pressure; ED, emergency
department; IR, interquartie range; HR, heart rate; RR, respiratory rate; BT, body
temperature; LVEF, left ventricular ejection fraction.
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