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Abstract

Background: Previous research has shown a non-linear relationship between systolic blood pressure (SBP) and patient
outcomes, with increased risks at both low and high SBP levels. However, the specific association between different SBP
levels and outcomes in critically ill patients remains unclear. This study aimed to investigate the relationship between the
cumulative time spent at various SBP levels and mortality in this patient population.

Methods: A retrospective analysis was conducted using data from the MIMIC-III database, encompassing over 3 million SBP
records from 30,833 patients. The associations between cumulative time spent within four SBP ranges (<100, 100-120,
120-140, and >140 mmHg) and 12-month mortality were evaluated. Restricted cubic splines and multivariable Cox regression
models were employed to assess the relationships between the percentage of cumulative time at different SBP levels
(categorized into four levels: <25%, 25-50%, 50-75%, and >75%) and mortality after intensive care unit (ICU) admission.
Results: The study found that prolonged periods with SBP <100 mmHg were associated with a higher risk of mortality, while
time spent with SBP within the 120-140 mmHg range was associated with reduced mortality risk. Patients spending the highest
percentage of cumulative time at SBP <100 mmHg exhibited an approximately 4.24-fold increased risk of 12-month mortality
compared to those in the lowest percentage category. Conversely, patients with the highest percentage of cumulative time at
SBP 120-140 mmHg demonstrated a lower adjusted risk of mortality at 12 months (OR, 0.49; CI, 0.42-0.56) compared to those
in the lowest percentage category.

Conclusion: The results of this study suggest that for critically ill patients, SBP <100 mmHg is associated with increased
mortality following ICU admission, whereas maintaining SBP within the 120-140 mmHg range may lead to improved
outcomes. Further research, specifically randomized trials, is necessary to establish whether interventions targeting this optimal
SBP range after ICU admission can effectively enhance patient outcomes.

Key words: Systolic Blood Pressure, Mortality Benefit, Risk Exposure, Critically 11l Patients.

Introduction

Systolic blood pressure (SBP) is a pivotal factor in
patient outcomes, with appropriate management
crucial for improving patient well-being (1-5). A
J-shaped relationship has been established between
SBP levels and the occurrence of cardiovascular
events and overall mortality (6-8). Notably, the
total duration of hypotension has been linked to an
elevated risk of death (2,9,10).

Prior studies have shown that a rapid drop in
systolic blood pressure (SBP) within the first 24

hours after admission for acute heart failure is
linked to worsened outcomes within the first 6
months, including kidney problems (11). Similarly,
in patients with stable heart disease or elevated
cardiovascular risk, lowering SBP below 120
mmHg during treatment has been associated with
an increased risk of death (6,12). Notably, the
optimal baseline SBP for minimizing risk in
high-risk patients appears to be within the range of
120 to 140 mmHg (7,13).
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While maintaining appropriate arterial pressure may
potentially enhance the prognosis of critically ill
patients, research investigating this association
remains limited. This study aims to address this
knowledge gap by examining the relationship
between the duration of various SBP levels and
mortality rates in critically ill patients. The findings
of this study will inform the development of
evidence based SBP management strategies
following admission to the intensive care unit
(ICU).

Method

This study utilized data from the Multiparameter
Intelligent Monitoring in Intensive Care III
(MIMIC-III) database (version 1.4), curated by the
Laboratory for Computational Physiology at the
Massachusetts Institute of Technology (14). This
database comprises de-identified electronic health
records of over 46,500 critically ill patients
admitted to intensive care units (ICUs) at Beth
Israel Deaconess Medical Center between 2001 and
2012. Due to the de-identified nature of the data
and researcher completion of human subjects
training, ethical approval and informed consent
were waived for this study.

Study population and stratification.

Inclusion criteria were: (1) only the first ICU stay
for patients with multiple admissions, (2) age 18-89
at ICU admission, (3) ICU stay >24 hours, and (4)
inclusion of all recorded SBP measurements (both
noninvasive and invasive) during the ICU stay.
Noninvasive blood pressure (NIBP) values outside
the physiological range (<20 mmHg or >300
mmHg) were excluded. If NIBP and invasive blood
pressure (IBP) measurements were available at the
same time point, the higher value was selected.
Total SBP measurement hours were calculated and
categorized into four ranges: <100-120, 120-140,
and >140 mmHg. Additional variables extracted
from the database included demographics, fluid

balance parameters, laboratory test results,
mechanical ventilation duration, and vasoactive
drug use.
Outcomes

The endpoint was the 12-month mortality after ICU
admission.

Data analysis

Continuous variables were summarized using
medians and interquartile ranges (IQRs).
Categorical variables were presented as frequencies
and percentages. Comparisons of  patient
characteristics between groups were performed
using chi-square tests for categorical variables and
either unpaired t-tests or Kruskal-Wallis tests for
continuous variables, depending on the normality of
the data distribution. Missing data for patient
characteristics were imputed using random forest
algorithms (15).

Cumulative time spent within each SBP range was
measured in hours. The percentage of cumulative
time in each range was categorized into four levels:
<25% (level I), 25-50% (level II), 50-75% (level
I1I), and 75-100% (level 1V).

Overall defined as the time from
admission to the ICU until death from any cause,
was estimated using the Kaplan-Meier method.
Statistical differences in survival between groups
were assessed using a stratified log-rank test.
Restricted cubic splines were employed to model
the relationship between the percentage of
cumulative time at different SBP ranges and
mortality risk.

Multivariable Cox proportional hazards regression
models were used to examine the associations
between cumulative time at different SBP ranges
and mortality. Covariates included patient
characteristics, fluid balance parameters, laboratory
values, mechanical ventilation duration, and
vasopressor use. All results presented are from the
fully adjusted model. All analyses were performed
using R version 3.61.

Results

Among the 46,428 ICU patients and 61,051 ICU
admissions in the MIMIC-III v1.4 database,
6,736,615 SBP records were available. Sequentially,
we excluded 9,948 patients whose age at admission
was above 89 years or below 18 years and 5,647
patients who stayed in the ICU less than 24 hours,
as illustrated in (figure 1). The final cohort
comprised 30,833 patients with their first ICU
admission and the corresponding 3,711,495 records
of SBP measurement.

survival,
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MIMIC III v1.4
46,428 patients

61,051 ICU admissions
9,160,700 SBP records

Availabe SBP measurement records
after the first ICU admissions

46,428 patients
6,736,615 SBP records

9,948 Excluded
1,990 excluded patients with age > 89 years
7,958 excluded patients with age < 18 years

36,480 patients eligible for anylysis
4,891,268 SBP records

—>{ 5,647 Excluded patients with duration of ICU stay <24 h

30,833 patients included in analysis
4,746,542 SBP records

1,035,047 Excluded SBP records
1,034,827 null SBP records
214 SBP records <20 mmHg

6 SBP records > 300 mmHg

30,833 patients included in analysis
3,711,495 SBP records

4% During the first 12 month since ICU admission

| 7,866 patients expired | | 22,967 patients survived |

Figure 1. The flow of participants through the study. ICU, intensive care unit; SBP, systolic blood pressure

The 12-month mortality rate of patients after
admission to the ICU was 21.5% (n=7,866). Overall,
fatal patients were older, had a higher SAPS-II
score during first day of admission, and have longer
ICU stay and hospital stay than survival patients
(Table 1)

Kaplan-Meier curves showed the association of the
percentage of cumulative time at SBP levels with
all-cause death (Figure 2). The difference in overall
survival at the four levels was statistically
significant (P <0.001 by the log-rank test).

Table 1. Data Set Population Characteristics and Characteristics of Patients who survived and died 12-month after admitting to

ICU.
All Cases Survival Cases Fatal Cases
Variable (n=30,833) (n=22,967) (n=7,866) P Value
65.0 72.2
Age, median (IQR), y (52.4-76.5) 62.5 (50-74.1)  (60.4-80.8) <0.001
Female, No. (%) 17873 (58) 11658(41.7) 1302 (44.8) <0.001
Ethnicity, No. (%) <0.001
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White 21845 (70.8)
Black 2362 (7.7)
Latino 1013 (3.3)
Asian 736 (2.4)
Other 4877 (15.8)
Admission type, No. (%)
Elective 5111 (16.6)
Emergency 24879 (80.7)
Urgent 843 (2.7)
SAPS-II score during
first day of admission 33 (25-43)
ICU length of stay,
median (IQR), d 2.5 (1.6-4.8)
Hospital length of stay,
median (IQR), d 7.5 (4.6-12.8)

16248 (70.7) 5597 (71.2)
1785 (7.8) 577 (7.3)
851 (3.7) 162 (2.1)
547 (2.4) 189 (2.4)
3536 (15.4) 1341 (17)

<0.001
4621 (20.1) 490 (6.2)
17729 (77.2) 7150 (90.9)
617 (2.7) 226 (2.9)
30 (23-38) 43 (34-53)  <0.001
22(1.5-4.1)  34(1.9-7.1) <0.001
72(4.6-11.8)  8.7(4.7-15.8) <0.001

Abbreviations: SAPS-II score, simplified acute physiology score II.
Data shown as mean + standard deviation, number (percent), or median (interquartile

range) as appropriate

Analysis taking the percentage of cumulative time
at different SBP levels as a continuous variable and
using cubic spline regression revealed that the
relationship between the percentage of cumulative
time and mortality was nonlinear. (Figure 3) shows
the HRs for 12-month mortality and the percentage
of cumulative time at different SBP levels after
adjusting for all variables in the table. Twenty-five
percent of the cumulative time was used as a
reference (HR=1). Compared with a
cumulative time at an SBP of less than 100 mmHg,
the risk for mortality increased for higher
cumulative times. Furthermore, the risk for
mortality tended to decrease with increased
cumulative time at an SBP between 120 and 140
mmHg (Figure 3). This trend was not observed for
the percentage of cumulative time at an SBP
between 100 and 120 mmHg and 140 mmHg or
more.

lower

In our cox proportional hazards regression models,
we observed an independent, graded relationship
between the length of time spent with an SBP of
less than 100 mmHg or SBP of 120-140 mmHg and
in-hospital mortality (Table 2). Compared with
patients at level 1, those with the most prolonged
periods at an SBP of less than 100 mmHg had an
approximately 4.24-fold increased risk of mortality.
Furthermore, compared to patients with the lowest
proportion of time spent with SBP 120-140 mmHg
(Level 1), those with increasingly higher
proportions of time within this range exhibited a
stepwise decrease in mortality risk. The odds ratios
(ORs) for mortality decreased from 0.62 (95% CI,
0.57-0.67) for Level 2 to 0.49 (95% CI, 0.42-0.56)
for Level 4. Notably, the cumulative time spent
within the SBP ranges of 100-120 mmHg and >140
mmHg did not emerge as independent predictors of
mortality in the multivariate Cox regression
analysis.
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Figure 2. Kaplan-Meier survival curve of 1000-day mortality by the four levels of percentage of cumulative time at different
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Figure 3. Hazard ratios 1-year mortality according to the percentage of cumulative time at different SBP ranges.

Table 2. Cox regression results regarding percentages of cumulative time at different systolic blood pressure levels.

Percentage of Cumulative No. (%) 12-month mortality,
time of at different SBP Adjusted odds ratio (95%
ranges (%) CD)
SBP <100 mmHg
0-25% 24033 (78.1) REF
25-50% 4538 (14.8) 1.69 (1.53 - 1.86) ***
50-75% 1564 (5.1) 2.78 (2.47 - 3.12) ***
75-100% 603 (2.0) 4.24 (3.69 - 4.88) ***
SBP 100-120 mmHg
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0-25% 10463 (34.0) REF

25-50% 11873 (38.6) 0.98 (0.95 - 1.05)

50-75% 7464 (24.3) 0.97 (0.84 - 1.12)

75-100% 938 (3.1) 0.92 (0.77 - 1.10)
SBP 120-140 mmHg

0-25% 12906 (42.0) REF

25-50% 13437 (43.7) 0.62 (0.57 - 0.67) ***

50-75% 4046 (13.2) 0.52 (0.33 - 0.83) **

75-100% 349 (1.1) 0.49 (0.42 - 0.56) ***
SBP >140 mmHg

0-25% 21628 (70.4) REF

25-50% 4992 (16.2) 0.94 (0.89 - 1.01)

50-75% 2772 (9.0) 1.05(0.97 - 1.14)

75-100% 1346 (4.4) 0.97 (0.84 - 1.12)

Abbreviation: CI, confidence interval; Ref, reference.

Cox model was adjusted for patient age, sexuality, ethnicity, types of
admission, fluid volume intake and output, urine volume, minimum time of
activated partial thromboplastin, minimum white blood cell count, minimum
level of blood lactic acid, serum creatinine and total bilirubin, duration of
mechanical ventilation and vasopressor usage.

*P<0.05, **P<0.01 and ***P<0.001.

Discussion

This study examined the relationship between the
total duration of time spent at different systolic
blood pressure levels and the outcomes of critically
ill patients. Our findings indicate that a cumulative
SBP below 100 mmHg is associated with increased
mortality after ICU admission.
maintaining an SBP of 120-140 mmHg was linked
to improved outcomes. Unlike static baseline
characteristics, SBP can often be managed after
ICU admission, making it a potential therapeutic
target. Understanding this relationship could guide
future interventions for critically ill patients.

Our study's unique strength lies in accounting for
each minute spent with SBP below 100 mmHg,
providing a sensitive assessment of SBP's impact
on outcomes. We observed a rapid escalation of risk
with no safe duration at this low SBP, emphasizing
the importance of addressing hypotension due to its
prevalence and association with morbidity
(3,13,16).

While the optimal SBP level for critically ill
patients remains unclear, our study offers insights
into the clinically relevant degree and duration of

Conversely,

time spent within specific SBP ranges. Notably, we
found that maintaining an SBP between 120-140
mmHg was an independent protective factor in a
diverse ICU patient cohort. This aligns with
previous  research  demonstrating  increased
mortality associated with both hypotension and
hypertension in the first 24 hours after
out-of-hospital cardiac arrest (8), as well as in acute
aortic dissection patients with SBP either <100
mmHg or >180 mmHg (16). Additionally, a
secondary analysis of large trials found the lowest
risk associated with an SBP of 120-140 mmHg in
high cardiovascular risk patients (13).

Our study's strengths include the analysis of over
3.7 million SBP measurements from 30,738
critically ill patients, providing a comprehensive
representation of hemodynamics and sufficient
statistical power. Notably, our focus on a diverse
ICU population distinguishes our study from others
that examine specific patient groups or disease
processes (4,13,16). However, our conclusions may
not be generalizable to ICU populations with
specific blood pressure targets (e.g., circulatory
shock, aortic dissection), where active treatment of
the underlying condition is paramount (15).
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Although various statistical methods
consistent results, potential
confounders like ischemic cardiomyopathy could
exist (5,17). Additionally, while we found an
association between prolonged SBP within 120-140
mmHg and decreased mortality, this may be
influenced by myocardial injury, which is prevalent
but often underdiagnosed in ICU patients (18).
Future research should explore this relationship
further, potentially considering troponin
monitoring.

yielded
unmeasured
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