
Page 1 of 10

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(18):1404 | https://dx.doi.org/10.21037/atm-21-2806

Recognizing blood pressure patterns in sedated critically ill 
patients on mechanical ventilation by spectral clustering 

Shengjun Liu1#, Longxiang Su1#, Xin Liu2, Xueqian Zhang2, Zuyu Chen2, Chun Liu3, Na Hong3, Yali Li2, 
Yun Long1

1Department of Critical Care Medicine, State Key Laboratory of Complex Severe and Rare Diseases, Peking Union Medical College Hospital, 

Chinese Academy of Medical Science & Peking Union Medical College, Beijing, China; 2Department of Electronic Engineering, Tsinghua 

University, Beijing, China; 3Digital Health China Technologies Co., Ltd., Beijing, China

Contributions: (I) Conception and design: S Liu, L Su; (II) Administrative support: Y Long, Y Li; (III) Provision of study materials or patients: S Liu, 

L Su; (IV) Collection and assembly of data: C Liu, N Hong, S Liu; (V) Data analysis and interpretation: X Liu, X Zhang, Z Chen; (VI) Manuscript 

writing: All authors; (VII) Final approval of manuscript: All authors.
#These authors contributed equally to this work.

Correspondence to: Dr. Yun Long. Department of Critical Care Medicine, Chinese Academy of Medical Science & Peking Union Medical College, 

Beijing, China. Email: ly_icu@aliyun.com; Dr. Yali Li. Department of Electronic Engineering, Tsinghua University, Beijing, China.  

Email: liyali13@tsinghua.edu.cn.

Background: Blood pressure is a critical therapeutic goal in intensive care unit (ICU). One important 
factor influencing blood pressure are analgesia and sedation. Analgesic and sedative drugs are commonly 
used in critically ill patients. These drugs affect blood pressure by reducing the tension of the venous 
system, the cardiac preload, and cardiac output and inhibiting cardiac functions. Consequently, vasoactive 
agents are commonly used to increase blood pressure. The indications for the usage of vasoactive agents 
are unequivocal. However, opinions on when to stop raising blood pressure vary. This study explored the 
relationship between blood pressure and sedation.
Methods: Patients in the Multiparameter Intelligent Monitoring in Intensive Care-III (MIMIC) database 
who had received mechanical ventilation, had been administered sedative analgesics during their ICU stay, 
and met the inclusion criteria were included in this study. The mean arterial pressure (MAP) tendency 
patterns were identified using spectral clustering and visualized using the t-distributed Stochastic Neighbor 
Embedding (t-SNE) algorithm. The 28-day mortality rates of patients with different MAP patterns during 
their first 24 hours in the ICU and their sedation levels were calculated in the crosstab.
Results: Fourteen thousand seven hundred and eighty-five patients from the MIMIC-III database were 
included in this study. Three MAP patterns were identified by spectral clustering. The median MAP of the 
low, moderate, and high MAP groups was 71.2, 80.4, and 97.6 mmHg, respectively. The 28-day mortality 
rate of patients in the moderate MAP group (13.0%) was lower than that of patients in the low (16.6%) and 
high (15.6%) MAP groups. No difference was found in the 28-day mortality rate between the low and high 
MAP groups. Dynamic changes in blood pressure at different sedation depths were also examined. Notably, 
compared with light and moderate sedation level, patients in the deep sedation group, especially those in the 
high MAP group (48.5%), had a higher 28-day mortality rate (36.5%).
Conclusions: Low MAP in the first 24 hours in ICU indicates a high possibility of poor prognosis for 
critically ill patients on mechanical ventilation. For patients under deep sedation, maintaining a high mean 
arterial pressure also indicates poor prognosis. A personalized MAP target should be determined according 
to the severity of illness and level of sedation for each patient.
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Introduction

In the intensive care unit (ICU), patients suffer from 
discomfort and pain, which are mainly attributable to 
hypoxia, shock, high fever, visceral pain, and surgical 
incisions. Additionally, studies have shown that various 
treatment procedures and noisy medical environments can 
further deteriorate the surroundings of patients (1,2). Such 
factors may increase patients’ anxiety, irritability, pain and 
may even make them delirious. In addition to negative 
subjective emotions, these factors may also lead to changes 
in patients’ physiological states, increase the burden placed 
on organ functions, and worsen patients’ condition in severe 
cases (3). Thus, sedatives are frequently administered to 
critically ill patients in the ICU to relieve anxiety, reduce 
the stress of being mechanically ventilated, and prevent 
agitation-related harm (4,5).

Due to their pharmacological features, the use of 
sedatives may increase morbidity (6). The depth of 
sedation is associated with delirium, increase the duration 
of mechanical ventilation, increase the length of stay, and 
decrease survival (7). Accumulating evidences have shown 
the hemodynamic effects of sedation (8). As blood pressure 
changes, analgesia and sedation drugs may reduce the 
tension of the venous system, reduce the tension volume, 
and change patient’s volume state, thereby reducing the 
cardiac preload and cardiac output and lowering blood 
pressure (9). Additionally, Analgesic and sedative drugs can 
inhibit cardiac functions due to their negative chronotropic 
and negative inotropic effects (10,11).

Consequently, doctors may use vasoactive agents to 
increase blood pressure in the ICU. However, there is 
debate on whether maintaining a high mean arterial 
pressure (MAP) is essential for sedated patients in intensive 
care unit (12). Guidelines provide indications on the use 
of vasoactive agents (13) but fail to indicate when blood 
pressure should stop being elevated.

This study used the spectral clustering method to 
examine MAP patterns in sedated ICU patients and realized 
dimensionality reduction by t-distributed stochastic 
neighbor embedding (t-SNE) algorithm. Clinical features 
were extracted to identify any standard or feature that 
determines the patients’ optimum blood pressure and 

sedation depth.
We present the following article in accordance with the 

STROBE reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-2806).

Methods

Data set

The Medical Information Mart for Intensive Care-III 
(MIMIC-III) database is a free database comprising de-
identified health-related data. The database comprises the 
data of over 40,000 patients who stayed in critical care 
units at the Beth Israel Deaconess Medical Center between 
2001 and 2012 (14). We used the data of 14,785 adults  
from the MIMIC-III database who had received mechanical 
ventilation and had been administered sedative analgesics 
during their ICU stay. Patients’ data were extracted from 
the MIMIC-III database for the study if they met the 
following inclusion criteria: (I) The patient was aged over 
18 years, had complete medical records, and had received 
medical ventilation; and/or (II) the patient had received 
any of the following 5 sedative or analgesic drugs: fentanyl, 
midazolam, morphine, propofol, and dexmedetomidine. 
The patient selection process is shown in Figure 1. 
For missing values in the MAP data, we applied the 
Akima method (15), as it provides a natural and smooth 
interpolation that builds a continuously differentiable sub-
spline from piece-wise cubic polynomials.

Analysis of analgesia and sedation depth

The Richmond-Agitation-Sedation Scale (ASS) (16) and 
the Riker Sedation-Agitation Scale (17) reflect the degree 
of sedation of a patient. The lower the score, the better the 
sedation effect. In the MIMIC-III database, sedation depth 
is evaluated according to these 2 scales. Based on previous 
clinical studies and experiences, we divided patients into the 
3 categories to reflect different degrees of sedation (deep 
sedation, moderate sedation, and light sedation) based on 
Richmond-ASS scores of [–5, –3], [–3, 0], and [0, +4], and 
Riker Sedation-Agitation Scale scores of 1 and 2, 3 and 4, 
and ≥5 respectively (18).
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Clustering analysis

We applied spectral clustering (19) method to explore the 
patterns of the MAP data. As a flexible and computationally 
efficient approach, spectral clustering does not make any 
assumption on the form of the data clusters; thus, it was 
an appropriate method for clustering the MAP data. The 
method uses the spectrum of the affinity matrix, which is 
constructed by computing a graph of the nearest neighbors, 
to classify MAP data points into 3 groups according to their 
similarities. From the graph cut point of view, each data point 
can be regarded as a graph’s vertex in a high-dimensional 
space. Spectral clustering aims to find a partition in the graph 
for which the edges within the same groups have a high 
weight while the edges between different groups have a low 
weight. The algorithm can be formulated as:

Minimize Graphcut 
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where 1,..., kA A  denote the partition of the graph, 
iA  complement, and represent the weight between data point 

m and data point n.
As the ground-truth labels were not known, we used a 

silhouette coefficient to evaluate the clustering quality. This 
coefficient measures how similar a data point is to its cluster 
compared to other clusters (20). the silhouette coefficient is 

given as:
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where da denotes the mean distance between a data point 
and all other points in the same cluster, and db is the mean 
distance between a data point and all other points in the 
next nearest cluster. In our study, the silhouette coefficient 
was 0.21, which indicates that the clusters were relatively 
dense and well separated.

t-distributed stochastic neighbor embedding

t-SNE is a non-linear dimensionality reduction algorithm 
that approximates a simple form of spectral clustering 
and is suitable for the dimensionality reduction of high-
dimensional data into 2 or 3 dimensions for visualization. 
t-SNE converts the similarity between data points into 
probabilities and models the distribution of each data 
point’s neighbors (the term ‘neighbors’ refers to a set of data 
points close to each other). The similarity in the original 
high-dimensional space is represented by the Gaussian 
distribution, and the similarity in the embedding space 
is represented by the t-distribution. The ultimate goal is 
to minimize the gap between these 2 distributions for all 
points. The Kullback-Leibler (KL) divergence of the joint 

Patients in MIMIC-III database from 2001–2012 (n=61,532)
Last ICU admission is adopted for multiple admissions

Patients under 18 years old (n=8,200)

No weight records or weight over 200 kg (n=8,387) 

Did not receive Mechanical ventilation in first 
24 hours (n=21,852)

Fail to record any RASS score or Riker Sedation-Agitation 
Scale score in first 24 hours (n=2,110)

Fail to record or did not use following analgesia and 
sedation drugs: fentanyl, midazolam, morphine, 

propofol, and dexmedetomidine (n=2,819)

Fail to record blood pressure for more than 
18 hours and outlier (n=3,379)

Patients meets preliminary inclusion criteria (n=23,093) 

Study population (n=14,785)

Figure 1 Flow chart of patient selection. MIMIC-III, Medical Information Mart for Intensive Care; ICU, intensive care unit; RASS, 
Richmond agitation-sedation scale.
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probability of the original space and the embedding space is 
used to evaluate the quality of the visualization; that is, the 
function of the KL divergence is used as the loss function, 
which is given as:

( ) log i j
i ji j

i j

P
KL P Q P

Q
=∑ ∑ 	 [3]

where P and Q are the distribution function of data in the 
original space and embedding space. The loss function is 
then minimized by the gradient descent method, and finally, 
the convergence results can be obtained. The distribution 
of MAP data are shown in a 2-dimensional space.

Statistical methods

Statistical analyses were performed using SPSS Statistics 
under the Windows system (version 19.0, IBM Corporation, 
Armonk, NY). The clustering analysis and t-SNE were 
implemented based on Python programming and Scikit-
learn library. The student’s t-test or the Wilcoxon rank-
sum test was used to compare the continuous variables. The 

categorical data were compared using the chi-square test 
or Fisher’s exact test. A one-way analysis of variance among 
groups was used to compare differences in continuous 
parametric variables with normal distributions, and the 
Kruskal-Wallis test was used to compare differences in 
continuous parametric variables with abnormal distributions. 
Differences in the variables between the groups were 
considered statistically significant at the level of P<0.001.

Ethical statement

This study is carried out according to the provisions of the 
Declaration of Helsinki (revised in 2013). Data in MIMIC-
III database was deidentified in accordance with Health 
Insurance Portability and Accountability Act (HIPAA) 
standards using structured data cleansing and date shifting. 
Protected health information was removed from free text 
fields. The components of this deidentification system are 
continually expanded as new data is acquired.

Results

Patient characteristics

14,785 patients from the MIMIC-III database were included 
in this study. The cohort comprised 5,665 women (38.3%) 
and 9,120 men (61.7%) with a mean age of 63.8±15.9 years. 
The simplified acute physiology score (SAPS II) score and 
sequential organ failure assessment (SOFA) score are 37 
[interquartile range (IQR): 29 to 47] and 5 (IQR: 3 to 7), 
respectively. The overall 28-day mortality of the included 
patients was 14.8%. According to the analysis of sedation 
depth, the number of patients in deep sedation, moderate 
sedation, light sedation was 1,610, 12,472, and 433, 
respectively (Table 1).

Clustering of blood pressure patterns

Figure 2 shows the visualization of the clustering results, 
which was produced by reducing the dimensionality of high-
dimensional MAP data to 2 dimensions using the t-SNE 
algorithm. The blood pressure vectors of the 14,785 patients  
were classified into 3 categories.

Characteristics exploration of the 3 blood pressure patterns

According to the clustering, Figure 3 shows the MAP 
tendency of overall patients and the 3 MAP patterns for 

Table 1 Basic patient characteristics of the included patient 
population

Parameters Values

Age (years) 63.8±15.9

Male gender 9,120 (61.7)

SAPS II score 37 [29–47]

SOFA score 5 [3–7]

Mortality (28 days) 14.8%

Sedation depth

Deep 1,610 (10.9)

Moderate 12,742 (86.2)

Light 433 (2.9)

Sedatives/analgesics usage

Dexmedetomidine 834 (5.6)

Fentanyl 5,828 (39.4)

Midazolam 4,010 (27.1)

Morphine 3,936 (26.6)

Propofol 12,691 (85.8)

SAPS II, Simplified Acute Physiology Score II; SOFA, Sequential 
Organ Failure Assessment.
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patients in the initial 6–24 hours in the ICU. The mean 
MAPs and their 95% confidence intervals are depicted 
by the full lines and shadow areas. The trend is similar 
between the deep, moderate, and light sedation groups. The 
clinical characteristics of the 3 groups are shown in Table 2.  
Notably, the median, mean MAP of the low, moderate, 
and high MAP group was 71.2, 80.4, and 97.6 mmHg, 
respectively. The 28-day mortality rate of patients in the 
moderate MAP group (13.0%) was statistically lower 
than that of patients in the low MAP (16.6%) and high 
MAP (15.6%) groups. However, there was no statistically 
significant difference in the 28-day mortality rate between 
the low and high MAP groups.

The 28-day mortality rates of patients are set out in 
Table 3. Patients in the deep sedation group, especially 
those in the high MAP group, had higher 28-day mortality 
compared with other groups. Additionally, the mortality of 

patients in the moderate sedation and moderate MAP group 
was 10.2% (622/6,128), which was statistically significantly 
lower than the mortality of patients overall (2,181/14,785) 
(P<0.001).

Discussion

Using the data of the sedated mechanical ventilation 
patients, a 3-way classification of the MAP tendency pattern 
was made by spectral clustering and visualized by the t-SNE 
algorithm. We found that the 28-day mortality rate of 
patients in the moderate pattern MAP group was lower than 
that of patients in the low and high pattern MAP groups. 
However, there was no difference in the 28-day mortality 
rate between the low and high MAP groups. Additionally, 
low MAP was associated with the severity of illness (i.e., 
higher SAPS II and SOFA scores), a deep sedation level, 
and more usage of sedative/analgesic medications. Thus, 
clinicians must balance the depth of analgesia and sedation 
against the adverse hemodynamic effects of the drugs.

Unsurprisingly, compared to the same sedation level, 
patients with low MAP had a higher rate of 28-day  
mortality compared with other groups. The harms of 
hypotension in critically ill patients are obvious. In a 
retrospective analysis of 110 United States hospitals, 
researchers found that for every 1 unit increase in a time-
weighted average MAP <65 mmHg, the odds of in-hospital 
mortality increased by 11.4% (P<0.001), the odds of acute 
kidney injury increased by 7.0% (P<0.001), and the odds 
of myocardial injury increased by 4.5% (P=0.03) (21). 
However, in our study, we found that even if the SAPS II 
and SOFA score was statistically higher in the low MAP 
group, the 28-day mortality rate of patients with high MAP 
was not statistically lower than that of patients with low 
MAP (P=0.360). Thus, patients do not appear to benefit 
from aimless blood pressure elevating.

1-dimension 2-
di

m
en

sio
n

Low MAP
Moderate MAP
High MAP

Figure 2 t-SNE visualization analysis of clustering results for 
blood pressure patterns. t-SNE, t-distributed stochastic neighbor 
embedding; MAP, mean arterial pressure.

Figure 3 Visualization of MAP of (A) overall, (B) deep sedation, (C) moderate sedation, (D) light sedation patients in initial 6–24 hours in 
ICU. The red, green and blue line represents high, moderate and low MAP groups respectively; unit of x axis is hour. MAP, mean arterial 
pressure; ICU, intensive care unit.
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Table 2 Description of clinical characteristics of three blood pressure patterns

Parameters
Group 1: low MAP 

(N1=6,194)
Group 2: moderate MAP 

(N0=7,093)
Group 3: high MAP 

(N2=1,498)
P (G1, G2) P (G2, G3) P (G1, G3)

General features

Age 69 [59–78] 64 [53–74] 54 [43–66] * * *

Gender (male) 3,479 (56.2) 4,424 (62.4) 947 (63.2) 0.029 0.539 0.055

Weight (kg) 79 [66.7–92] 80 [68.5–95.2] 80.5 [68.3–96.2] * * 0.490

Mortality (28 days) 1,028 (16.6) 919 (13.0) 234 (15.6) * 0.006 0.360

SAPS II 40 [31–51] 36 [29–46] 32 [24–41] * * *

SOFA 5 [4–8] 5 [3–7] 4 [2–6] * * *

Sedation Level 0.007 * *

Deep sedation 667 (10.8) 747 (10.5) 196 (13.1)

Moderate sedation 5,391 (87.0) 6,128 (86.4) 1,223 (81.6)

Light sedation 136 (2.2) 218 (3.1) 79 (5.3)

Sedation medications

Dexmedetomidine 385 (6.2) 380 (5.4) 69 (4.6) 0.081 0.024 0.196

Fentanyl 2,838 (45.8) 2,330 (32.8) 660 (44.1) 0.005 * 0.004

Midazolam 1,862 (30.1) 1,767 (24.9) 381 (25.4) 0.003 0.017 0.513

Morphine 1,826 (29.5) 1,828 (25.8) 282 (18.8) * * *

Propofol 5,203 (84.0) 6,168 (87.0) 1,320 (88.1) * * 0.223

Vital signs and I/O parameters

Heart rate (bpm) 84.4 [77.4–93.4] 85.7 [77.1–95.6] 89.2 [78.1–101.1] 0.003 * *

Respiratory rate 17.6 [15.7–20.2] 17.7 [15.8–20.1] 18 [15.9–20.4] 0.559 0.002 0.005

Systolic pressure (mmHg) 107.4 [102.2–112.8] 118.7 [111.9–126.7] 142.2 [133.6–152.0] * * *

Diastolic pressure (mmHg) 53.5 [49.7–56.8] 61.8 [58–65.8] 75.6 [70.5–80.3] * * *

Mean arterial pressure (mmHg) 71.2 [68.0–74.3] 80.4 [76.7–85.0] 97.6 [93.2–103.1] * * *

In amount (mL) 6,127 [4,107–8,568] 5,375 [3,571–7,682] 4,858 [3,080–7,400] * * *

Out amount (mL) 1,795 [1,064–2,664] 1,940 [1,245–2,792] 2,040 [1,299–3,008] 0.005 * 0.001

Fluid Balance (mL) 4,059 [1,984–6,693] 3,226 [1,360–5,608] 2,646 [735–5,165] * * *

Temperature (℃) 36.9 [36.5–37.3] 36.9 [36.6–37.4] 37.1 [36.7–37.5] * * *

SpO2 (%) 98.2 [97.1–99.1] 98.2 [97–99.1] 98.5 [97.1–99.5] 0.017 * *

CVP (mmH2O) 10.8 [8.4–13.3] 10.7 [8.3–13.2] 9.8 [7.5–13.1] 0.151 * 0.004

Table 2 (continued)
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Table 2 (continued)

Parameters
Group 1: low MAP 

(N1=6,194)
Group 2: moderate MAP 

(N0=7,093)
Group 3: high MAP 

(N2=1,498)
P (G1, G2) P (G2, G3) P (G1, G3)

Laboratory examinations

CBC and CRP

White blood cell (×109) 12.2 [9.3–16] 11.7 [8.9–15.1] 11.4 [8.4–14.9] * * 0.008

Neutrophil (%) 82.5 [73.6–88] 82.8 [74.7–88] 83 [75.2–88.3] 0.147 0.103 0.499

Hemoglobin (g/dL) 10.1 [9.2–11.1] 10.6 [9.5–11.9] 11.6 [10.2–13.1] * * *

Hematocrit (%) 29.9 [27.5–32.9] 31.4 [28.4–35.1] 33.9 [30.1–38.4] * * *

Platelet (×109) 179 [137–241] 188.5 [141–251] 211 [144–276] * * *

CRP (mg/L) 77.4 [13.4–150.7] 41.1 [7.4–123.3] 18.9 [7.7–56.4] 0.230 0.009 0.079

Biochemical and electrolyte

Total bilirubin (mg/dL) 0.8 [0.4–1.6] 0.7 [0.4–1.4] 0.7 [0.4–1.6] * 0.530 0.011

Albumin (g/dL) 2.9 [2.4–3.4] 3.1 [2.6–3.6] 3.2 [2.8–3.7] * * *

ALT (U/L) 28 [17–61] 30 [18–71] 35 [19–120.5] 0.003 * *

AST (U/L) 47 [27–105] 44 [26–104] 48 [25–158] 0.303 0.199 0.035

BUN (mg/dL) 18.5 [13.5–29.5] 17 [12.5–25.3] 16.5 [11.5–25] * * 0.004

Lactate (mmol/L) 2.0 [1.4–2.8] 1.9 [1.4–2.7] 2.0 [1.4–3.0] * 0.898 0.060

Potassium (mmol/L) 4.3 [4–4.6] 4.2 [3.9–4.5] 4.0 [3.7–4.3] * * *

Sodium (mmol/L) 138 [136–140] 138 [136–140] 139 [137–142] * * *

Chloride (mmol/L) 107 [104–110] 106.3 [103–109] 105.2 [102–108] * * *

Total calcium (mmol/L) 8.1 [7.7–8.6] 8.3 [7.8–8.7] 8.4 [7.9–8.9] * * *

Arterial blood gas analysis

pH 7.4 [7.3–7.4] 7.4 [7.3–7.4] 7.4 [7.3–7.4] * * *

PO2 (mmHg) 197 [134.3–250.1] 188.5 [135–242.6] 172 [126–229.2] 0.022 * *

PCO2 (mmHg) 41 [37.8–44.2] 40.7 [37.3–44.2] 40 [36.5–44.4] 0.703 * 0.001

HCO3
− (mmol/L) 23.5 [21–25.3] 23.7 [21.5–25.7] 24 [21.5–26.3] * * 0.022

Base excess (mmol/L) 2.3 [1.5–3.3] 2.3 [1.5–3.5] 2.5 [1.5–4] 0.139 0.001 0.022

*, stands for <0.001. SAPS II, Simplified Acute Physiology Score II; SOFA, Sequential Organ Failure Assessment; I/O, input/output; SpO2, 
pulse oximetry; CVP, central venous pressure; CBC, complete blood count; CRP, C-reactive protein; ALT, alanine transaminase; AST, 
aspartate aminotransferase; BUN, blood urea nitrogen; pH, blood urea nitrogen; PO2, partial pressure of oxygen; PCO2, partial pressure of 
carbon dioxide.

In the subgroup analysis of deep sedation patients, we 
found that patients with high MAP had a much higher 
mortality rate (48.5%) compared with low and moderate 
blood pressure groups. According to clinical practice, as 
agitation/sedation medications may cause hypotension, 
doctors may use a relatively high dosage of vasoactive agents 
to prevent hypotension. Interestingly, our results showed 

that patients with higher blood pressure also had a worse 
prognosis. Thus, patients may not benefit from aimless 
blood pressure elevations. There may be several reasons for 
this. First, increasing arterial pressure does not necessarily 
improve microvascular perfusion. In 2015, the concept of 
“hemodynamic coherence” was examined by Ince (22). The 
goal of recovery is to improve systematic circulation and 
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Table 3 Mortality rate of patients under different blood pressure patterns and sedation depth

Low MAP (n=6,194) Moderate MAP (n=7,093) High MAP (n=1,498)

Light sedation (n=433) 26.5 13.8 8.9

Moderate sedation (n=12,742) 14.2 10.2 10.8

Deep sedation (n=1,610) 33.7 35.7 48.5

MAP, mean arterial pressure.

microcirculation simultaneously. In a study of 252 patients 
with severe sepsis for whom sublingual microcirculation was 
visualized, De Baker et al. found that circulation-perfusion 
uncoupling in microcirculation was strongly associated with 
an unsatisfactory prognosis (23). Second, different organs have 
different requirements for perfusion pressure under different 
hemodynamic conditions; fluctuations in blood pressure and 
their relationship with metabolism may be the most important 
parameters (24). Adrenergic vasopressors could cause a 
reduction in splanchnic circulation, which could increase the 
oxygen consumption of the intestinal tract and the whole body, 
which could, in turn, elevate lactic acid (25).

Further, adrenergic vasopressors are associated with 
reductions in cerebral tissue oxygenation (26), cardiac 
complications, including myocardial cell injury and atrial 
fibrillation (27), and muscle weakness in mechanically 
ventilated patients (28). Thus, the appropriate blood 
pressure should be determined based on tissue perfusion 
function and each patient’s specific condition (29). 
Additionally,  it  may be that subjective evaluation 
methodologies of sedation (based on the Richmond-ASS 
and Riker Sedation-Agitation Scale) do not precisely reflect 
a patient’s actual sedation status. An actual unsatisfactory 
sedation level could cause high MAP. In such circumstances, 
to rule out this possibility, objective evaluation method 
should be used to titrate the usage of agitation/sedation 
medications, such as bispectral index monitoring (30).

The limitations of this study need to be considered. 
First, vasoactive agents may have also contributed to 
changes in blood pressure. In the low blood pressure group, 
1,810 patients used anti-hypertension agents, which is 
surprising, as anti-hypertension agents are seldom used 
in patients with low blood pressure. It may be that those 
patients had relatively high blood pressure initially, and 
their blood pressure only lowered after their physicians 
administered anti-hypertension agents. However, compared 
to moderate blood pressure, low blood pressure did not 
produce any benefits for patients. Additionally, in this study, 
14.2% of patients used both vasopressors and hypotensive 

drugs in the first 24 hours in the ICU, which suggests that 
there is a modulation/titration in blood pressure in the 
first 24 hours. We do not have any information about the 
sequencing and dosage of vasopressors and hypotensive 
drugs for these patients. However, all adjustments of 
vasoactive agents could end up affecting blood pressure. 
Second, concerning the database, we were not aware of the 
real target MAP of each patient. Thus, in considering the 
reason why some patients had poor outcomes, we cannot 
determine whether the physicians achieved an optimal MAP 
for patients or whether the patients had a serious illness 
that prevented physicians from achieving the MAP target. 
Third, three group with low, moderate, and high MAP had 
different baseline characteristics, which could potentially 
affect outcome. Logistic regression can be used to make 
adjustments of confounding factors. However, given there 
are three sedation levels and three blood pressure levels, 
more than 25 parameters which may potentially affect 
outcome analysis and some of them are interactive (e.g., 
evaluation of SAPS II score including MAP. A low MAP 
may increase SAPS II. Evaluation of SOFA score including 
vasopressors, the usage of vasopressors may increase 
SOFA score), such measurements that reduce effect of 
confounding factors have its limitations too.

In terms of the machine learning analysis, the spectral 
clustering method does not assume the statistics of 
the clusters and is highly adaptable to different data 
distributions, including MAP data distributions. The 
main advantage of t-SNE is its ability to maintain a local 
structure, which suggests that similar points in the high-
dimensional data space remain similar when projected 
into a low-dimensional data space. A t-distribution has a 
longer tail, which helps the data points to be more evenly 
distributed in the 2-dimensional space.

Conclusions

We examined sedated critically ill patients on mechanical 
ventilation and found that patients with low MAP had 
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a high possibility of a poor prognosis. High MAP in deep 
sedated patients should be cautiously considered to identify 
any underlying issues. To improve prognosis, a personalized 
MAP target should be set according to the severity of the 
illness and level of sedation. We should endeavor to use 
the positive hemodynamic effects of analgesic and sedative 
treatments to facilitate the treatment of the underlying disease 
in patients with critical illness to improve patient outcomes. 
Such medications may not only relieve pain and anxiety but 
also optimize tissue perfusion and oxygen supply and demand.
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