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Background: Increased or decreased blood pressure variability may affect the perfusion of tissues and organs, leading to acute kidney injury and death. This study was conducted to explore the relationship between mean arterial pressure variability and short- and long-term mortality in critically ill patients.

Methods: We used patient data from the MIMIC-III database for cohort study. According to the recorded mean arterial pressure during the first 24 h in the intensive care unit, we calculated each patient’s two variability parameters –coefficient of variation and average real variability. The primary outcome was in-hospital mortality and the secondary outcomes were 28-day mortality and 1-year mortality. We conducted smooth spline models to examine the possible nonlinear associations between blood pressure variability and mortality. According to the smoothing curve, we further developed a two-piecewise linear regression model to find out the threshold effect. Multivariable logistic regression or Cox proportional hazards model was used to evaluate the relationship. Kaplan–Meier survival analysis for 28-day and 1-year mortality was performed. Subgroup analysis explored the factors modifying the relationship between them.

Results: A total of 12,867 patients were enrolled in the study, 1,320 in-hospital death, 1,399 28-day death, and 2,734 1-year death occurred. The smooth spline showed death risk was the lowest when average real variability was around 7.2 mmHg. After adjusting for covariates, logistic or Cox regression showed the highest MAP variability level was strongly associated with increased mortality in the hospital (odds ratio: 1.44; 95% CI, 1.21∼1.72), at 28 days (hazard ratio: 1.28; 95% CI, 1.1∼1.5), and at 1 year (hazard ratio: 1.27; 95% CI, 1.14∼1.42) compared with the second level of average real variability group. The survival curve plot showed patients with higher average real variability had a higher risk of 28-day and 1-year mortality. This relationship remained remarkable in patients with low or high Sequential Organ Failure Assessment scores in the sensitivity analysis. The two-piecewise linear regression model showed that lower ARV was a risk factor for 28-day (HR 0.72, 95% CI, 0.57∼0.91) and 1-year mortality (HR 0.81, 95% CI, 0.68∼0.96) when ARV was less than 7.2 mmHg, higher ARV was a risk factor for 28-day mortality (HR 1.1, 95% CI, 1.04∼1.17) and 1-year mortality (HR 1.07, 95% CI, 1.02∼1.12) when ARV was greater than 7.2 mmHg.

Conclusion: Blood pressure variability predicts mortality in critically ill patients. Individuals with higher or lower mean arterial pressure average real variability during the first day in ICU may have an increased risk of death.
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INTRODUCTION

In clinical practice, blood pressure (BP) is routinely measured physiological variables. Under normal circumstances, blood pressure variability includes fluctuations between beats —— very short-term blood pressure variability (BPV), fluctuations over 24 h —— short-term BPV, daily fluctuations——medium-term BPV, and visits fluctuations——long-term BPV. Blood pressure variability may be a response to external stimuli and changes in daily life, aiming to maintain the so-called “steady state” of blood pressure (1).

However, the continuous increase or decrease of BPV not only reflects the damage of the cardiovascular homeostasis regulation mechanism but also causes potential pathological damage by affecting organ perfusion. The role of BPV for cardiovascular disease or death has been studied widely in recent years. Studies have shown that the effect of BPV independent of mean blood pressure is related to target organ damage (TOD) in heart, blood vessel, brain, and kidney (1–3), and the increase of intraoperative blood pressure fluctuation lead to the increased mortality (4, 5).

Hemodynamics in critically ill patients are often unstable, but there are few studies on the impact of blood pressure variability on prognosis in critically ill patients. Moreover, the current research on blood pressure variability lacks the corresponding safety threshold, which limits the clinical application of this index. This study intends to explore the relationship between mean arterial pressure (MAP) variability and prognosis in critically ill patients by analyzing the data in intensive care multiparameter intelligent monitoring database III (MIMIC-III). We present the following article in accordance with the STROBE reporting checklist.



MATERIALS AND METHODS


Study Design

We collected the patients’ data from the MIMIC-III database and performed a retrospective cohort study. The database is maintained by Beth Israel Deaconess Medical Center (Boston, MA, United States) and the Massachusetts Institute of Technology (Cambridge, MA, United States) and contains the medical information of over 40,000 patients who were hospitalized in the intensive care unit (ICU) from 2001 to 2012 at Beth Israel Deaconess Medical Center, including demographic characteristics, vital signs, laboratory and radiology results, medications, comorbidities, nursing notes, physician discharge summaries, and survival outcomes (6). Any researcher who wants to use the database must complete the “protecting human subjects” training and then can obtain access to the data.



Study Population

All patient information was obtained from the MIMIC-III database(version 1.4) (7). The inclusion criteria were (1) age ≥18 years when entering ICU, (2) first entering ICU. The exclusion criteria were (1) length of stay in ICU <1 day, (2) interval between two adjacent blood pressure monitoring on the first day of admission >1 h and blood pressure monitoring records on the first day <24 times, (3) lack of covariate data for multivariate adjustment. Except for blood pressure records, no other variables were missing.

Since the records of all patients in the MIMIC-III database were anonymous, the institutional review committee of Beth Israel Deaconess Medical Center waived the requirement for individual consent of patients.



Data Extraction

The following patient data were extracted from the MIMIC-III database: age, gender, ethnicity, length of ICU stay, the first Sequential Organ Failure Assessment (SOFA) score, ventilation therapy (noninvasive and invasive), medication usage on day 1 of admission to the ICU, diseases (diabetes mellitus, hypertension, coronary heart disease, congestive heart failure, cancer, chronic lung disease, chronic liver disease, chronic kidney disease, sepsis), complete invasive mean arterial pressure(MAP) records, survival outcomes (in-hospital, 28-days, 1-year). Vasopressor medications included norepinephrine, phenylephrine, dopamine, isoproterenol, epinephrine, and vasopressin, and vasodepressor medications included nitroprusside, nicardipine, labetalol, esmolol, and diltiazem. Chronic lung disease includes obstructive chronic bronchitis and chronic obstructive asthma. Chronic liver disease includes a history of viral hepatitis, autoimmune hepatitis, non-alcohol fatty liver disease, cirrhosis, or liver failure as listed in the electronic health. All diseases in our study were classified using the International Classification of Diseases, Ninth Revision (ICD-9). Data were extracted using Navicat software.



Blood Pressure Variability

Blood pressure variability(BPV) was assessed with 2 different indexes: coefficient of variation (CV), average real variability (ARV). Standard deviation (SD) is the simplest statistical measure for describing variation but is highly dependent on the individual’s BP level. CV is derived from the SD by dividing it by the mean. Consequently, CV is less influenced by BP level and is therefore considered an applicable index in variability studies (8, 9). ARV takes also into account the order of measurements and is calculated from the mean absolute difference between consecutive BP measurements (10). The ARV index and CV index are calculated using the following formulas (4):
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where, N denotes the number of valid BP measurements in the data corresponding to a given subject, and k ranges from 1 to N-1. W means the interval time between two adjacent blood pressure records. In this study, we, therefore, used ARV as our main exposure variable because it can be relatively easily calculated in clinical practice, and a universal reference frame can be defined.

We discarded BP readings with a mean arterial pressure <25 or >250 mm Hg to retain physiologically meaningful readings in the analysis and to ensure the reliability of variability indexes. Baseline blood pressure was the average of MAP on the first day of ICU admission.



Outcomes

The primary outcome measure in our study was hospital mortality. The secondary outcome measures was 28-day and 1-year mortality. In addition, in-hospital and 28-day mortality were defined as short-term mortality, and 1-year mortality was defined as long-term mortality.



Statistics Analysis

Data for continuous and categorical variables were presented as median with interquartile range and frequency with percentage, respectively. Continuous and categorical variables were compared using the Mann–Whitney test and the X2 or Fisher exact test, respectively.

To assess the association of BPV (as a categorical or continuous variable) with the study outcomes, we used multivariate logistic regression models for in-hospital mortality and Cox proportional hazards models for 28-day and 1-year mortality. To assess confounding, we entered covariates into a Cox regression model in the basic model or eliminated the covariates in the complete model one by one and compared the regression coefficients. Those covariates altering initial regression coefficients by more than 10% were included such as age, sofa, average of MAP, coronary heart disease, chronic liver disease, sepsis. Considering that gender, hypertension, diabetes, use of vaso-drug and ventilation therapy in the first day are also important clinical covariates, they were also included in the final model. The odds ratios (ORs) were generated for logistic regression and hazard ratios (HRs) were generated for Cox proportional hazards, with their 95% CIs. We divided the population into 4 groups by quartiles of ARV. We estimated hazard ratios or odds ratios contrasting the risk for mortality in each level versus the average risk in the second level which the risk is lowest. Survival curves were constructed by the Kaplan–Meier method and compared by the log-rank test. We investigated the association between BPV and outcome in subgroups by SOFA score. We tested for interaction to determine whether the relative effect of BPV varied significantly among SOFA levels by introducing an interaction term in the models.

To explore the possibility of a non-linear relationship between BPV and outcomes, we fitted models with smooth spline and carried out nonlinear tests. We found that the risk of mortality was the lowest when MAP ARV is around 7∼8 mmHg. According to the smoothing curve, we further developed a two-piecewise linear regression model to find out the threshold effect, with adjustment for potential confounders. P-values <0.05 were considered statistically significant.

All analyses were performed using R Statistical Software (The R Foundation).1 Navicat software was used to extract population samples and variable information. Python was used to calculate the blood pressure variability index.



Subgroup Analyses

The SOFA score as a measure of organ dysfunction is associated with patient outcomes. We conducted subgroup analyses to determine whether the results persisted even when the severity of the clinical status changed. Based on the median first SOFA score, all patients were divided into the low (<5) and high (≥5) SOFA score groups where 5 was the median of SOFA. Logistic regression and Cox proportional hazards models were used to evaluate the BPV and outcomes in the subgroups.




RESULTS


Patient Selection, Characteristics, and Outcomes

A total of 61532 ICU records were screened from the MIMIC-III database. We excluded 3746 records with multiple admission to the ICU, 8092 records with age <18, 7416 records with the length of stay in ICU <1 day, and 29213 records with blood pressure recording interval greater than 1 h and recording times less than 24 in the first 24 h after admission to the ICU. Finally, 12867 patients were included in the analysis (Figure 1). Among them, 1320 in-hospital death, 1399 28-day death, and 2734 1-year death occurred. The median age of all patients was 65 years old, the median SOFA score was 5, and males accounted for 61.5%. Patients with higher ARV levels tended to be older and female, and to have a history of hypertension, diabetes mellitus as well as other comorbidities. There were also significant differences in outcomes. Table 1 shows the characteristics of the study population across quartiles of ARV.
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FIGURE 1. Flowchart of participant selection. A total of 12,867 patients were included in the analysis. MIMIC-III, Multiparameter Intelligent Monitoring in Intensive Care III.



TABLE 1. Characteristics of the study population grouped by the quartiles of MAP ARV.
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Association Between Average Real Variability and Mortality

Patients in the fourth level of ARV group had higher in-hospital, 28-day, and 1-year mortality than other groups (13, 13.9, and 26.4%, respectively) (Table 1). To verify these findings, we used smooth splines to describe the relationship between BPV and outcomes (Figure 2). It was found that after adjusting the covariates, the relationship between ARV and outcomes showed a U-shaped curve, and the risk of mortality was the lowest when the ARV was about 7∼8 mmHg. The trend of the relationship between CV and outcome was similar (Figure 2). Multivariable analyses adjusted age, gender, sofa, average of MAP, coronary heart disease, chronic liver disease, sepsis, hypertension, diabetes, use of vaso-drug and ventilation therapy in the first day and showed that higher ARV levels were associated with increased risks of in-hospital mortality compared with the second group which the risk of death is lowest (adjusted OR 1.44, 95% CI 1.21∼1.72; P < 0.001), 28-day mortality (adjusted HR 1.28, 95% CI 1.1∼1.5; P = 0.001), and 1-year mortality (adjusted HR 1.27, 95% CI 1.14∼1.42; P < 0.001, Table 2).Kaplan–Meier survival curves revealed that the 28-day and 1-year probability of survival was higher in the fourth ARV group than the rest (Figure 3). According to the smoothing curve, we further developed a two-piecewise linear regression model to find out the threshold effect, with adjustment for potential confounders. The results showed that lower ARV was a risk factor for 28-day (HR 0.72, 95% CI, 0.57∼0.91) and 1-year mortality (HR 0.81, 95% CI, 0.68∼0.96) when ARV was less than 7.2 mmHg, higher ARV was a risk factor for 28-day mortality (HR 1.1, 95% CI, 1.04∼1.17) and 1-year mortality (HR 1.07, 95% CI, 1.02∼1.12) when ARV was greater than 7.2 mmHg. (Table 3).
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FIGURE 2. Association between MAP variability and mortality. Smooth spline plots of the association between MAP ARV and in-hospital mortality (A) or 28-day mortality (B) or 1-year mortality (C), and the relationship between MAP CV and in-hospital mortality (D) or 28-day mortality (E) or 1-year mortality (F). ARV, average real variability; CV, coefficient of variation; MAP, mean arterial pressure.



TABLE 2. Multivariable Analysis of the Association between MAP Variability and Endpoints.
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FIGURE 3. Kaplan–Meier survival analysis plots for 28-day and 1-year mortality with MAP ARV. The curves show that patients with higher MAP ARV in the ICU had lower rates of 28-day survival (A) and 1-year survival (B). ICU indicates intensive care unit; ARV, average real variability; MAP, mean arterial pressure.



TABLE 3. Risk of death per 1 SD increase in blood pressure variability.
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Subgroup Analysis

When stratified by SOFA score (≥5 5898 patients versus <5 6969 patients), we found that our results almost persisted in the different subgroups after adjustment for all covariates. That is, the highest ARV group had a higher risk of mortality. In the group with low SOFA score, in-hospital, 28-day, 1-year mortality had ORs of 1.47 (95% CI, 1.06∼2.04), HRs of 1.49 (95% CI, 1.12∼1.99) and 1.24 (95% CI, 1.03∼1.49), respectively. In the group with high SOFA score, in-hospital, 28-day, 1-year mortality had ORs of 1.28 (95% CI, 1.03∼1.59), HRs of 1.18 (95% CI, 0.98∼1.41) and 1.26 (95% CI, 1.1∼1.44), respectively (Table 4).


TABLE 4. OR/HR With 95% CIs for mortality associated with MAP ARV in patients with different SOFA scores.
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DISCUSSION

In this study, we used ARV and CV to describe blood pressure variability. The results confirmed that there was a significant correlation between the variability of mean arterial pressure in the first 24 h after admission to ICU and in-hospital mortality, 28-day mortality, and 1-year mortality, independent of the confounding factors including BP levels. The relationships between BPV and outcomes were non-liner. In subgroup analysis, the results remained stable in populations with different sofa scores.

In recent years, many studies have explored the relationship between blood pressure variability and adverse outcomes. The traditional view is that the blood pressure threshold is a risk factor for in-hospital mortality or poor long-term prognosis. With the development of technology and concept, people are not satisfied with using only static indicators to describe the state of patients but prefer to use dynamic indicators to measure the general situation of patients. In the context of cardiac surgery, many models and scoring systems used to predict postoperative adverse outcomes, such as STS, EuroSCORE, mainly consider static factors such as complications, drugs, and the nature of surgery. This limitation makes these models not perform well enough for high-risk and elderly patients (11). Therefore, in the population of cardiac surgery and non-cardiac surgery, researchers are more willing to explore the impact of ambulatory blood pressure data on outcomes. It was found that there was a significant relationship between intraoperative blood pressure variability and postoperative adverse outcomes (4, 5, 12, 13). However, blood pressure variability is less effective in predicting death than traditional predictors (12). In outpatients with hypertension, studies have found that the daily average variability of family self-measured blood pressure for three consecutive days which is more than 11.0/12.8 is related to the occurrence of adverse cardiovascular outcomes. In addition, increased blood pressure variability in outpatients with hypertension can cause organ damage (3, 14). Similarly, in the outpatient population, some scholars pointed out that the variability indexes of family self-measured blood pressure and 24-hour ambulatory blood pressure can provide hints for organ injury (15). In critically ill patients, the researchers found that increased diurnal blood pressure variability (greater than 5%) or elevated nighttime blood pressure were associated with in-hospital mortality and long-term mortality (16, 17). At the same time, some studies have shown that the association between blood pressure variability and in-hospital mortality is weak in severe patients. However, the main endpoint of this study is acute renal injury during hospitalization, and the study population is not all severe patients (18). These studies have some defects. For example, the study population excludes the people who use vasoactive drugs and shock on the first day (17), the study factor variability index is divided into two categorical variables (16), or the study does not carry out nonlinear relationship tests (18).

As far as we know, our study is the first to study the relationship between blood pressure variability as a continuous variable and mortality by using the patient information of public database and to analyze the nonlinear relationship between them. The trend of the relationship between BPV and outcomes was similar to the outpatients with hypertension (3) and the patients undergoing surgery (19). As for ARV lower than 7.2 mmHg, lower BPV may be a risk factor. Some studies have shown that low heart rate variability is a marker of autonomic dysfunction (20, 21). Because physiological parameters such as blood pressure and heart rate are autonomic functions, decreased variability in blood pressure may be associated with increased mortality due to autonomic dysfunction as seen with heart rate. As for ARV higher than 7.2 mmHg, higher BPV was a risk factor. This result was consistent with the most of other BPV studies on patients with surgery (4, 5) or outpatients with hypertension (3). The higher or lower BPV may reflect the damage of cardiovascular homeostasis automatic regulation function and also cause potential pathological damage by affecting organ perfusion. That could explain our findings.

Our research has some potential limitations. First of all, this study is a retrospective design. Although we have adjusted many covariates and conducted subgroup analyses, some information such as the frequency of blood pressure monitoring, height of most patients, and so on are lost. Second, MIMIC-III is just a single-center database. Selection bias is inevitable. As the database contains different kinds of ICUs, including internal medicine, surgery, and emergency ICU, their data may reflect the real situation encountered by ICU doctors. Third, the blood pressure records in the database are not routine measurements, and there may be different time intervals between every two blood pressure records. This study only discussed the relationship between the blood pressure variability ARV and CV derived from hourly blood pressure records and mortality. In the future, a well-designed multi-center prospective study should be conducted to evaluate the causal relationship between blood pressure variability and mortality in critically ill patients with more accurate time-resolution blood pressure records.



CONCLUSION

In critically ill patients, we identified a statistically significant association between BPV and in-hospital, 28-day, and 1-year mortality. This relationship is not a simple linear relationship, but a U-shaped curve relationship. Future studies should evaluate the utility of indices of BPV to understand if there is a clinically intervenable target to improve outcomes in critically ill patients.
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Group

Mortality

Hospital, OR(95%Cl)

28-day, HR(95%Cl)

1-year, HR(95%CI)

SOFA < 5 (n = 5898)

Reference
1.11 (0.76~1.62)
1.07 (0.75~1.54)
1.47 (1.06~2.04)*

Reference
1.21 (0.97~1.5)
1.09 (0.87~1.35)

1.28 (1.03~1.59)*

Reference
1.26 (0.91~1.75)
1.03 (0.75~1.42)
1.49 (1.12~1.99)*

Reference
1.17 (0.98~1.39)
0.94 (0.78~1.13)
1.18 (0.98~1.41)

Reference
1.1 (0.89~1.35)
1.01 (0.83~1.23)
1.24 (1.03~1.49)*

Reference
1.14 (1~1.31)
1.08 {0.95~1.25)
1.26 (1.1~1.44)*

*, P <0.05 *, P <0.001;, ARV, average real variability; MAR, mean arterial pressure; SOFA, Sequential Organ Failure Assessment.
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Age, Median (IQR)
Ethnicity,n (%)

o A~ W N =

Mean MAP 1st day, Median (IQR)
SOFA, Median (IQR)

CHD, n (%)

Cancer, n (%)

CHF, n (%)

Chronic liver disease, n (%)
Chronic lung disease, n (%)
Chronic kidney disease, n (%)
Hypertension, n (%)

Diabetes mellitus, n (%)
Vaso-drug use 1st day, n (%)
Ventilation therapy, n (%)
Sepsis, n (%)

LOS_hospital, Median (IQR)
death, n (%)

28-day death, n (%)

1-year death, n (%)

Q1 < 5.7 (n =3217)

1111 (34.5)
63.0 (52.4, 73.1)

2350 (73)
70(2.2)
164 (5.1)
104 (3.2)
529 (16.4)
73.7 (68.8, 80.0)
5.0 (3.0, 8.0)
1203 (37.4)
577 (17.9)
886 (27.5)
472 (14.7)
88 (2.7)
185 (5.8)
1395 (43.4)
833 (25.9)
1414 (44)
2626 (81.6)
903 (28.1)
8.7 (5.5, 14.5)
336 (10.4)
369 (11.5)
664 (20.6)

Q2 > 5.7 to < 7.2(n = 3216)

1188 (36.9)
65.9 (55.6, 75.5)

2316 (72)
67 (2.1)
164 (5.1)

95 (3)

574 (17.8)
74.7 (70.2, 80.8)
5.0 (3.0, 7.0)
1395 (43.4)
540 (16.8)
855 (26.6)
352 (10.9)

90 (2.8)
195 (6.1)
1624 (50.5)
921 (28.6)
1450 (45.1)
2722 (84.6)
809 (25.2)
8.4(5.8,13.9)
264 (8.2)
287 (8.9)
572 (17.8)

Q3 > 7.2to < 9.4(n = 3217)

1233 (38.9)
68.4 (67.3, 77.5)

2338 (72.7)
84 (2.6)
177 (6.5)
81 (2.5)

537 (16.7)

76.0 (71.6, 81.9)

5.0 (3.0, 7.0)

1421 (44.2)

606 (18.8)

857 (26.6)
284 (8.9)
91 (2.8)
188 (5.8)

1657 (51.5)

958 (29.8)

1450 (45.1)

2748 (85.4)

891 (27.7)

8.8 (6.0, 14.5)
301 (9.4)
296 (9.2)
650 (20.2)

Q4> 9.4 (n = 3217)

1427 (44.4)
70.9 (69.2, 79.3)

2237 (69.5)
59 (1.8)
229 (7.1)
78 (2.4)

614 (19.1)

78.7 (73.5, 86.0)

5.0 (3.0, 7.0)
1224 (38)

602 (18.7)

855 (26.6)
299 (9.3)
120 (3.7)
183 (5.7)

1709 (53.1)

921 (28.6)

1486 (46.2)

2758 (85.7)

1058 (32.9)

9.5(6.2, 16.1)
419 (13)
447 (13.9)
848 (26.4)

<0.001
<0.001
<0.001

<0.001
0.29
<0.001
0.123
0.78
<0.001
0.061
0.925
<0.001
0.005
0.354
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

Values are presented as median (inter-quartile range) or number (%). IQR, inter-quartile range; ARV, average real variability; MAR, mean arterial pressure; SOFA: Sequential
Organ Failure Assessment; LOS, length of stay; Ethnicity: 1, WHITE; 2, ASIAN; 3, BLACK; 4, HISPANIC OR LATINO; 5, OTHER; CHD, coronary heart disease; CHF,
congestive heart failure; LOS, length of stay.





OPS/images/fcvm-09-870711-t003.jpg
Outcomes

ARV < 7.2 mmHg

ARV > 7.2 mmHg

OR/HR(95%CI) P-value OR/HR(95%ClI) P-value
In-hospital mortality 0.75 (0.57~1) 0.054 1.05 (0.97~1.13) 0.238
28-day mortality 0.72 (0.57~0.91) 0.006 1.1 (1.04~1.17) 0.001
1-year mortality 0.81 (0.68~0.96) 0.015 1.07 (1.02~1.12) 0.003

ARV, average real variability.
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Outcomes

In-hospital mortality

28-day mortality

1-year mortality

MAP ARV level categorical/continuous

Q2
Qt
Q3
Q4
MAP ARV(per SD)
Q2
Qi
Q3
Q4
MAP ARV(per SD)
Q2
Q1
Q3
Q4
MAP ARV(per SD)

Number of patients with event (%)

260 (8.1)
278 (8.6)
338 (10.5)
444 (13.8)
287 (8.9)
296 (9.2)
341 (10.6)
475 (14.8)
597 (18.6)
587 (18.2)
674 (21)
876 (27.2)

Adjusted OR/HR (95% ClI)

Reference
1.17 (0.97~1.42)
1.32 (1.1~1.59)
1.44 (1.21~1.72)
1.05 (0.99~1.11)
Reference
1.22 (1.05~1.43)
0.95(0.81~1.12)
1.28 (1.1~1.5)
1.05 (1~1.1)
Reference
1.15 (1.03~1.29)
1.06 (0.95~1.19)
1.27 (1.14~1.42)
1.06 (1.02~1.09)

Adjusted P-value

0.105
0.003
<0.001
0.117

0.011
0.559
0.001
0.051

0.015
0.319
<0.001
0.002

ARV, average real variability; MAP, mean arterial pressure.





