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Purpose: The aim of this study was to evaluate and compare the capacity to predict hemody-

namic variables obtained with photoplethysmography (PPG) and Acute Physiology and Chronic 

Health Evaluation (APACHE II) in patients hospitalized in the intensive care unit (ICU).

Materials and methods: A prospective cohort study was conducted in the adult ICU of Hos-

pital Nossa Senhora da Conceição, located in Tubarão, Santa Catarina, Brazil. The data collected 

included the diagnosis for hospitalization, age, gender, clinical or surgical profile, PPG pulse 

curve signal, and APACHE II score in the first 24 hours. A bivariate and a multivariate logistic 

regressions were performed, with death as an outcome. A mortality model using artificial neural 

networks (ANNs) was proposed.

Results: A total of 190 individuals were evaluated. Most of them were males (6:5), with a 

median age of 67 (54–75) years, and the main reasons for hospitalization were cardiovascular 

and neurological causes; half of them were surgical cases. APACHE II median score was 14 

(8–19), with a median length of stay of 6 (3–15) days, and 28.4% of the patients died. The fol-

lowing factors were associated with mortality: age (OR=1.023; 95% CI 1.001–1.044; P=0.039), 

clinical profile (OR=5.481; 95% CI 2.646–11.354; P<0.001), APACHE II (OR=1.168; 95% 

CI 1.106–1.234; P<0.001), heart rate in the first 24 hours (OR=1.020; 95% CI 1.001–1.039; 

P=0.036), and time between the systolic and diastolic peak (∆T ) intervals obtained with PPG 

(OR=0.989; 95% CI 0.979–0.998; P=0.015). Compared with the accuracy (area under the 

receiver-operating characteristic curve) 0.780 of APACHE II (95% CI 0.711–0.849; P<0.001), 

the multivariate logistic model showed a larger area of 0.858 (95% CI 0.803–0.914; P<0.001). 

In the model using ANNs, the accuracy was 0.895 (95% CI 0.851–0.940; P<0.001).

Conclusion: The mortality models using variables obtained with PPG, with the inclusion of 

epidemiological parameters, are very accurate and, if associated to APACHE II, improve prog-

nostic accuracy. The use of ANN was even more accurate, indicating that this tool is important 

to help in the clinical judgment of the intensivist.

Keywords: photoplethysmography, intensive care units, computer-aided signal processing, 

pulse wave analysis, prognosis, hemodynamic monitoring

Introduction
Intensive care units (ICUs) are characterized by high complexity, multi/interdiscipli-

narity, and state-of-the-art technology. Such a profile represents an ideal place to take 

care of seriously ill patients.1

The first form of screening to classify the severity of an illness and intensive care 

was carried out by Florence Nightingale in 1863. Since then, this evaluation had been 

made in a subjective manner by clinical judgment, until the development of the Acute 
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Physiology and Chronic Health Evaluation score (APACHE) 

in 1981, which allowed an objective evaluation of severity.2

Nowadays, score systems are routinely used in ICUs to 

predict the end point or to evaluate the severity of organic 

dysfunction. Such scales generally use clinical and labora-

tory data to reach a score. The most common systems are 

APACHE II, Simplified Acute Physiology Score, Multiple 

Organ Dysfunction Score, and Sequential Organ Failure 

Assessment. However, in some situations, they are not very 

accurate, as in the subgroups of patients or in specific dis-

eases. Thus, other scores are important to help in the clinical 

evaluation of seriously ill patients.3

In this perspective, noninvasive measures to help stabiliz-

ing the prognosis are important, as their use is not expensive 

and represents minimal risk. Photoplethysmography (PPG) 

is an optical noninvasive technique that monitors the pulse 

wave, capturing the variation of the peripheral blood volume, 

by means of the Beer–Lambert law. The basis of this theory 

is that the absorption of light is directly related to the wave-

length of the light source and the concentration of substances 

in the optical path. The first description of PPG occurred in 

1937 by Hertzman and Spealman. Later, the AC (alternating 

coupling, corresponding the pulsatile arterial blood flow) and 

DC (direct coupling, related to the tissue background and 

venous blood) components and their interaction with red and 

infrared light were identified, leading to the development of 

pulse oximeters. However, it works by means of a light beam, 

and situations such as hypothermia, severe hypotension, and 

motor agitation can reduce the signal-to-noise ratio.4

In addition to the information included in the peripheral 

pulse oximetry, such as the heart rate (HR) and peripheral oxy-

gen saturation (SpO
2
), other relevant parameters are present in 

the PPG signal, even though they are commonly underused. 

Besides HR, the PPG signal is influenced by hemodynamic 

status, physiological condition, and arteriolar properties. In 

this sense, studies have shown that variables of cardiovascular 

function, such as arterial stiffness, peripheral resistance, tis-

sue perfusion, hypovolemia, and sympathovagal balance, are 

present in the photoplethysmographic pulse wave.4–7

For these purposes, the evaluation of the pulse curve 

variation requires a nontrivial analysis, requiring differential 

calculus for the composition of the first and second derivatives 

and identification of the regions of interest. This mathematical 

manipulation requires the use of computational algorithms 

that allow the identification of the characteristics of the pulse 

wave, such as systolic peak (SP) and diastolic peak (DP).8 

Among the parameters used, the time interval between SP 

and DP is associated with the reflection of the pulse wave at 

the distal vascular bed, representing arterial stiffness.9 In addi-

tion to the time interval between SP and DP, the proportion 

of the amplitude of these peaks is also related to the arterial 

compliance and total peripheral resistance. Another parameter 

obtained by the PPG, analyzing its second derivative is called 

the PPG acceleration. This can provide information about the 

blood flow acceleration. The relationship between these peaks 

indicates the state of arterial aging.10 Still, from the analysis 

of the components AC and DC and oscillation of the SP 

amplitude, the perfusion index (PI) and PPG variability can be 

obtained. These parameters refer to peripheral perfusion11 and 

volume status, respectively, indicating responsiveness to fluid 

therapy infusion.12 Also, evaluating the time intervals between 

SPs, a beat-to-beat temporal analysis, inferred the state of the 

autonomic nervous system.13 Therefore, the purpose of this 

study was to evaluate and compare the capacity to predict 

hemodynamic variables obtained from PPG and APACHE 

II combined analysis in ICU hospitalized patients by means 

of logistic regression and artificial neural networks (ANNs). 

Besides avoiding invasiveness, the cardiovascular variables 

identified through this technique improve the clinical judg-

ment in intensive care setting.

Some researches compare risk prediction in medicine 

using ANNs and logistic regression. The results seem to be 

better with ANNs, which has the advantage to incorporate 

nonlinear effects. Difficulty in interpreting the model param-

eters is a disadvantage, despite that both techniques prove 

important as predictive tools.14,15

Materials and methods
A prospective cohort study was conducted in the adult 

intensive care center (ICC) of Hospital Nossa Senhora da 

Conceição, located in Tubarão, Santa Catarina, Brazil. This 

ICC has three ICUs, each one with 10 beds, serving an area 

of 18 municipalities. One of the ICUs is intended to treat 

patients with cardiovascular diseases and the other two have 

a general care profile.

Individuals hospitalized from July 2016 to July 2017 

were selected, whose relatives have signed the voluntary 

informed consent form. The poor quality of PPG signal and 

the individuals transferred from the ICUs were considered as 

exclusion criteria. This study was submitted to the research 

ethics committee of the University of Southern Santa Catarina 

(UNISUL), located in Palhoça, SC, Brazil, and was approved 

by CAAE 50687515.6.0000.5369.

As this is an accuracy study, for sample size calculation, 

a mortality prevalence of 26% (P=0.26) was considered, in 

accordance with a previous estimate, with an error of 10% 
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(e=0.1) in the CI of 95% (Zα/2
=1.96). The sensitivity was 

determined as 85% (Sens=0.85). According to Equation 1, 

the sample size obtained was 188 patients:16

 
n

Z

e Psens

Sens Sens
=

−( ) .( )

.
/α 2

2

2

1
 (1)

In the data collection, we included the diagnosis for hos-

pitalization, age, gender, PPG pulse curve signal, clinical or 

surgical profile, and APACHE II score,17 in the first 24 hours. 

The individual was followed up until the end point (hospital 

discharge or death), including the time of hospitalization in 

the ICU.

For acquisition of the PPG signal, a Reflex Aqwave 

oximeter was used. It can store the pulse curve values in a 

sampling frequency of 60 Hz and duration of 1 minute. The 

device can export the text file data for computational analysis. 

The data from the PPG pulse curve were manipulated in the 

MATLAB software. Initially, the PPG raw signal process-

ing was performed by a low-pass filter of 12 Hz to extract 

the noise. After smoothing, the first and second derivatives 

of PPG were made. Peaks, valleys, and time between peaks 

were identified. The values below and above the interquartile 

distance were excluded. The medians of the PPG interest 

variables were selected for analysis.

The variables related to cardiovascular function, arterial 

stiffness, and peripheral resistance were crest time (CT), time 

between the SP and DP (∆T), augmented index resulting from 

the division of the DP and SP, and arterial aging, obtained 

with the second derivative of the PPG signal.7 For the analy-

sis of peripheral perfusion and volemia, the expressions PI 

and pleth variability index (PVI)5 were used, and to evaluate 

the autonomic nervous system, the root mean square of the 

differences between the adjacent SPs (rMSSD)18 were used. 

Equations 2–6 describe the calculation of these parameters:

 AI=100%*[PD/PS] (2)

 Arterial Aging= 100% × [b/a] (3)

 PI=100% × [AC/DC] (4)

 PVI=[(SP
max

–SP
min

)/SP
max

] × 100% (5)

 rMSSD= 
1

1 1

1

1
2

N i

N

i i
−

− − −

−

−

+∑(( ) ( ) )PS PS PS PS  (6)

The identification of the PPG parameters is described 

in Figure 1.

The data were stored in a database created with the 

assistance of the Excel® software and then exported to the 

SPSS 20.0® software. The data were presented in absolute 

numbers and percentages and measures of central tendency 

and dispersion. The variables were compared in relation 

to the end point (hospital discharge or death) by means 

of gross and adjusted logistic regression. For multivariate 

analysis, the backward method was used, and it was com-

pleted only with significant variables (a=5%). The variables 

associated to the end point were selected for training (70%) 

and test (30%) by the ANN multilayer perceptron.19 The 

accuracy of the multivariate models was compared with 

APACHE II using the receiver-operating characteristic 

(ROC) curve. To compare the ROC curves, the DeLong 

method was used.20

Results
A total of 230 individuals participating in the research were 

followed up, of which 14 were excluded for poor quality of 

signal and 26 for error in the medical record identification, 

totaling 190 patients. The median (p25–p75) age was 67 

(54–75) years, with higher prevalence of men and the most 

common diagnoses for hospitalization in the ICU were car-

diovascular and neurological causes, with more than half of 

the cases being surgical. The characteristics of the sample 

are described in Table 1.

Figure 2 shows the histogram of the variables obtained 

with the PPG signal, identifying the mean ± SD and median 

(p25–p75).

In the bivariate analysis, the variables related to death 

were age, surgical, APACHE II, time of hospitalization, HR, 

and ∆T (Table 2).

By using some PPG variables and an epidemiological 

variable, three models for mortality prediction in ICUs were 

developed. In the comparison of Models 1, 2, and 3 with 

APACHE II, there was no statistical difference (P=0.466, 

0.386, and 0.411, respectively). In the association of Model 

1 + APACHE II, Model 2 + APACHE II, and Model 3 + 

APACHE II, only the first was different from APACHE II 

(P=0.049, 0.118, and 0.125, respectively). Table 3 shows 

the involved variables.

Using the variables related to the end point (HR, ∆T, CT, 

augmented index [AI], surgical, and APACHE II), a model 

was developed based on the ANN. At first, the network 

was trained and tested without the APACHE II variable, 

obtaining the degree of importance related to the follow-

ing variables: ∆T (100%), HR (63.5%), surgical (47.6%), 
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Figure 1 Identification of PPG parameters.
Abbreviations: SP, systolic peak; DP, diastolic peak; CT, crest time; SPmax, maximum systolic peak, SPmin, minimum systolic peak; AC, pulsatile component; DC, 
nonpulsatile component.
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AI (37.8%), and CT (26%). In the comparison of ANN 

model with APACHE II, there was no statistical difference 

(P=0.377). The variable APACHE II was then included in 

the ANN. The related degree of importance obtained was 

APACHE II (100%), HR (68%), ∆T (56.8%), AI (54.4%), 

surgical (51.8%), and CT (35.6%). In the association of 

ANN model + APACHE II, there was a statistical difference 

when compared with APACHE II (P=0.027). We can see 

that the ANN accuracy was slightly higher than the previ-

ous models, performed by means of multivariate logistic 

regression (Table 4).

Discussion
The profile of the sample of this study showed a prevalence 

of male individuals (6:5) with a median age of 67 years, and 

the main reasons for hospitalization were cardiovascular 

and neurological causes. Half of them were surgical cases, 

and the median time of hospitalization was little more than 

a week. Death occurred in approximately one-fourth of the 

sample. Such data are similar to the study carried out in 

the ICU of Hospital das Clínicas (general hospital) of the 

 Medical School of Marília, Brazil.21 A similar mortality rate, 

of nearly 20%, was also found in a multicenter trial in Euro-

pean ICUs.22 However, it is different from the study carried 

out by Siddiqui,23 in Singapore, which showed a mortality 

rate of nearly 8% and the main reason for hospitalization was 

Table 1 Characteristics of the ICC sample of HNSC in Tubarão, 
SC, Brazil

n (%)

Age (years)
≥18 and <40
≥40 and <60
≥60

24 (12.6)
44 (23.2)
122 (64.2)

Gender
Male
Female

106 (55.8)
84 (44.2)

Surgical
No
Yes

95 (50.0)
95 (50.0)

Diagnosis
Cardiovascular
Neurological
Gastrointestinal
Neoplasm
Respiratory
Infection
Polytrauma
Orthopedic
Endocrine
Genitourinary

68 (35.8)
39 (20.5)
19 (10.0)
18 (9.5)
14 (7.4)
13 (6.8)
11 (5.8)
3 (1.6)
3 (1.6)
2 (1.1)

APACHE IIa 14.0 (8.0–19.0)
Probability of death (%)a 18.6 (8.7–32.2)
Length of ICC stay (days)a 6.0 (3.0–15.0)
Death

No
Yes

136 (71.6)
54 (28.4)

Note: amedian (percentile 25 - percentile 75).
Abbreviations: APACHE II, Acute Physiology and Chronic Health Evaluation; 
HNSC, Hospital Nossa Senhora da Conceição; ICC, intensive care center.

Figure 2 Variables related to PPG of the ICC sample of HNSC in Tubarão, SC, Brazil.
Abbreviations: ∆T, time between the systolic and diastolic peaks; AI, augmented index; CT, crest time; HNSC, Hospital Nossa Senhora da Conceição; HR, heart rate; 
PI, perfusion index; PPG, Photoplethysmography; PVI, pleth variability index; rMSSD, root mean square of the successive differences.
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Table 3 Mortality prediction model based on epidemiological variables and PPG signal

Model 1 Model 2 Model 3

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

Surgical
Yes
No

1.00
6.600 (3.006–14.491)

<0.001 1.00
5.715 (2.688–12.148)

<0.001 1.00
6.236 (2.891–13.451)

<0.001

HR (bpm) 1.035 (1.013–1.058) 0.002 0.988 (0.977–0.999) 0.040 0.964 (0.937–0.993) 0.014
∆T (ms) 0.985 (0.975–0.996) 0.006 0.984 (0.974–0.995) 0.005 0.979 (0.965–0.992) 0.002

Area under ROC curve (95% CI); P
APACHE II
0.780 (0.711–0.849); <0.001
Model 1
0.786 (0.718–0.855); <0.001
APACHE II + Model 1
0.858 (0.803–0.914); <0.001

Area under ROC curve (95% CI); P APACHE II
0.780 (0.711–0.849); <0.001
Model 2
0.759 (0.684–0.833); <0.001
APACHE II + Model 2
0.847 (0.788–0.905); <0.001

Area under ROC curve (95% CI); P APACHE II
0.780 (0.711–0.849); <0.001
Model 3
0.764 (0.692–0.835); <0.001
APACHE II + Model 3
0.847 (0.790–0.904); <0.001

ROC curve ROC curve ROC curve

Abbreviations: ∆T, time between the systolic and diastolic peaks; APACHE II, Acute Physiology and Chronic Health Evaluation; AI, augmented index; CT, crest time; HR, 
heart rate; PPG, Photoplethysmography; ROC, receiver-operating characteristic.

Table 2 Bivariate analysis and crude OR for death of the ICC sample of HNSC in Tubarão, SC, Brazil

High (median ± IQL) Death (median ± IQL) OR (95% CI) P-value

Age (years) 65.5±21.0 70.0±21.0 1.023 (1.001–1.044) 0.039
Gendera

Male
Female

79 (74.5)
57 (67.9)

27 (25.5)
27 (32.1)

1.000
1.386 (0.736–2.610) 0.312

Surgicala

Yes
No

83 (87.4)
53 (55.8)

12 (12.6)
42 (44.2)

1.000
5.481 (2.646–11.354) <0.001

APACHE II 11.5±10.0 18.5±11.0 1.168 (1.106–1.234) <0.001
Length of ICC stay (days) 4.0±8.0 10.5±16.0 1.049 (1.021–1.079) 0.001
HR (bpm) 80.0±23.1 85.7±25.3 1.020 (1.001–1.039) 0.036
rMSSD (ms) 21.6±23.3 19.3±36.6 1.006 (0.998–1.015) 0.146
CT (ms) 200.0±50.0 200.0±50.0 0.997 (0.988–1.006) 0.490
∆T (ms) 200.0±50.0 187.5±50.0 0.989 (0.979–0.998) 0.015
Arterial aging (%) −88.5±30.8 −86.8±23.5 1.008 (0.093–1.023) 0.316
AI (%) 52.7±22.0 54.7±59.0 1.000 (0.991–1.008) 0.922
PI (%) 102.7±45.4 102.5±52.0 1.027 (0.423–2.497) 0.952
PVI (%) 36.7±39.4 34.1±44.9 0.997 (0.986–1.008) 0.622

Note: aCategorical variables expressed in n (%).
Abbreviations: ∆T, time between the systolic and diastolic peaks; AI, augmented index; APACHE II, Acute Physiology and Chronic Health Evaluation; CT, crest time; 
HNSC, Hospital Nossa Senhora da Conceição; HR, heart rate; ICC, intensive care center; IQL, interquartile; PI, perfusion index; PVI, pleth variability index; rMSSD, root 
mean square of the successive differences.
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Table 4 Prediction of mortality based on epidemiological variables and PPG signal, using ANNs

ANNs without APACHE II

Bias

Bias

Sinaptic weight >0
Sinaptic weight <0

High

Death

H (1:1)

H (1:2)

H (1:3)

N-Surg.

Surg.

CT

HR

AI

�T

Hidden layer Output layer

H(1:1) H(1:2) H(1:3) High Death

(Bias) 0.175 −0.284 −0.249
Nonsurgical  0.215 0.89 −0.984
Surgical −0.611 −0.537 158
CT −0.347 0.039 −0.700
∆T −0.393 −0.573 0.622
HR 0.244 −0.065 −0.806
AI −0.476 −0.304 −0.191
(Bias) 0.985 −0.475
H(1:1) −0.860 0.084
H(1:2) 0.228 0.697
H(1:3) 0.850 −0.156

ANNs with APACHE II

Hidden layer Output layer

(1:1) H(1:2) H(1:3) H(1:4) High Death

(Bias) 0.324 0.039 0.327 1.297
Nonsurgical 0.685 −1.726 −0.492 1.365

Surgical −0.191 2.132 −0.129
−0.2
1

APACHE II 0.866 −1.449 0. 124 0.992
CT −1.080 −0.814 0.473 −0.283
∆T −0.709 0.811 0.070 −0.620
HR 0.780 −2.004 −0.452 −0.179
AI −1.514 −1.110 0.076 −1.363
(Bias) 1.861 −1.359
H(1:1) −0.452 1.254
H(1:2) 1.324 −1.140
H(1:3) −0.640 0.745

H(1:4) −0.312
0.6
1

ROC curve
Area under ROC curve (95% CI) – P

APACHE II
0.780 (0.711–0.849) – <0.001

ANN model
0.800 (0.731–0.868) – <0.001

APACHE II + ANN model
0.895 (0.851–0.940) – <0.001

Abbreviations: APACHE II, Acute Physiology and Chronic Health Evaluation; AI, augmented index; ANNs, artificial neural networks; CT, crest time; PPG, 
Photoplethysmography; HR, heart rate; ROC, receiver-operating characteristic.

Bias

Bias

Sinaptic weight >0
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High

Death
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septic shock, followed by neurological and cardiovascular 

causes. Moreover, a study carried out in an ICU in Nigeria 

identified a mortality rate above 60% and the neurological 

cases as main basic diagnoses.24 Such data show that the 

epidemiological profile of ICUs can change according to the 

area and structure of services.

With regard to the epidemiological aspects related to mor-

tality, it was observed in this research that older individuals, 

nonsurgical cases, and longer periods of hospitalization were 

associated to death. The gender was not related to higher odds 

of dying. Although the review study conducted by Vezzani et 

al25 describes that, even with a higher number of male patients 

in the ICU, there is no difference in the end point between 

men and women. However, other studies26,27 found that, for 

uncertain reasons, women have higher odds of dying. On 

the other hand, advanced age, nonsurgical cases, and longer 

length of stay are undoubtedly described as factors related 

to higher odds of dying.28,29

The probability of death indicated by the APACHE II score 

was close to the probability found in this research, and the 

score was related to higher odds of dying, indicating that for 

each increase in the score, there is a corresponding increase 

in the risk of mortality of ~17%. Although the APACHE score 

is widely used as a prognostic measure and comparison of the 

severity of the disease among groups of patients, there are criti-

cisms about its use, mainly because it does not consider the 

clinical evolution of the patient, requires careful attention in 

the counting of the points and is not suitable for subgroups of 

patients. For these reasons, it is indicated the complementation 

of other scores and the customization of existing scores.30,31

In this perspective, this study used the PPG to develop 

prediction models based on the pulse curve signal. One of 

the most basic parameters obtained with PPG is the HR. In 

this research, it was observed that tachycardia in the first 

day of hospitalization was related to the death, represent-

ing a 2% chance for each increase in heartbeat. This result 

was also found by Kara et al,32 who identified a higher risk 

of mortality in patients with HR >100/min in the first 24 

hours of hospitalization in the ICU. For specific cases, such 

as individuals with cerebrovascular accident, an HR little 

higher than 80 per minute in hospital admission is a marker 

of death risk.33,34 Such findings confirm this study, showing 

that perhaps the im balance of the autonomic nervous system 

is apparent at an early stage in critically ill patients.

Even more specifically, the HR variability (HRV) is one 

of the measures that have been most used for analysis of the 

autonomic nervous system modulation. In ICUs, the major 

studies have focused on the use of HRV for the prediction of 

morbimortality.35 It is traditionally obtained by comparing 

the R–R intervals in the electrocardiogram, differently from 

this study, which used the interval between the PPG SPs. 

Studies have shown that the analysis of the HRV is reliable in 

individuals at rest and that motion artifacts can contaminate 

the signal.36,37 In this study, this measure was taken excluding 

the ectopic beats and signal noises, for only 1 minute. This 

ultrashort time, made available by the PPG device manufac-

turer, allowed only the rMSSD measure analysis, which is 

very accurate when compared with the 5-minute measures.38 

The results did not present a significant difference between 

the groups, as it was expected and shown in other studies, 

in which a lower HRV is related to a higher sympathovagal 

imbalance and higher mortality.35 Perhaps, the very short time 

in collecting data has influenced such results.

Regarding the PPG pulse wave form, only the ∆T 

parameter was individually associated to the death. For each 

decrease of 1 millisecond in the ∆T, there is an increase of 

1.1% in the odds of dying. This measure corresponds to the 

time between the SP and DP and is related to arterial stiffness. 

Physiologically, it indicates the time between the ejection of 

blood into the aorta and the reflection by the peripheral arte-

rioles. This index is compared with the pulse wave velocity 

(PWV) when normalized by the individual’s height.39 In this 

study, only ∆T was analyzed. From the epidemiological point 

of view, the arterial stiffness indicated by a higher PWV is 

related to mortality for all causes, as shown in the systematic 

review and meta analysis by Vlachopoulos et al.40 The results 

obtained in this research confirm such fact.

The other parameters of PPG pulse wave form, such as 

AI, CT, and b/a, do not show a statistical difference when 

individually compared with the group discharge and death. 

The AI corresponds to the height proportion between the 

DP and SP. It has an inverse correlation to the HR and is 

positively associated with peripheral vascular resistance, 

being subject to reduction in the infusion of nitroglycerin, a 

potent vasodilator.9 The CT is the time of ejection of blood 

into the aorta, after the cardiac isometric contraction and the 

SP, almost at the end of the systole. Its reduced value is a 

marker of cardiac dysfunction.41 The b/a index represents the 

stiffness of the large arteries, corresponding to the vascular 

response to the ejection of blood of the left ventricle. It has 

a positive correlation to arterial aging.10

In this study, the perfusion index did not show a statisti-

cal difference when compared with the group discharge and 

death. Many researches have shown the use of this measure 

as an important monitoring of the noninvasive peripheral 

perfusion.11,42 The research conducted by Pirneskoski et al5 

showed that lower PI values are related to the most severe 

cases, serving as a tool for screening in emergency services. 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Vascular Health and Risk Management 2018:14 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

319

Photoplethysmography and mortality in intensive care units

In the study conducted by Acar et al,43 the PI was monitored 

daily in the ICU. The authors showed that, only in the last day 

of hospitalization, the PI was able to stratify the death risk. 

And in the study conducted by Oskay et al,44 the prognostic 

capacity of this index in the emergency department was 

analyzed in more than 700 patients. The researchers did not 

find any association between the PI and admission in the ICU 

and hospital mortality. Likewise, in this study, the PI was not 

able to predict the risk of mortality in the first 24 hours of 

hospitalization. It is assumed that this measure is the most 

indicated in specific patient profiles, in a dynamic way, as 

follow-up in cases suggesting organic hypoperfusion, and it 

does not have much applicability in profiles of heterogeneous 

patients, as in this research.

The PVI parameter is derived from the PI variability 

and is related to hypovolemia. Its monitoring is important 

in patients who need volemic resuscitation, in which high 

indices indicate a greater need for volume replacement.4 

The PVI is highly accurate only in mechanically ventilated 

patients.45 The research by Pirneskoski et al5 showed that 

higher PVI values can identify the cases with a greater need 

for intensive care, when evaluated in the emergency. However, 

in this study, we did not find any association between this 

variable and mortality. It is considered that, perhaps, the PVI 

is not adequate in the evaluation of patients in spontaneous 

breathing and without clinical correlation to the volemic state.

In the multivariate analysis, three models were proposed 

using the epidemiological surgical × nonsurgical variable 

and variables obtained with the PPG. Both models resulted 

in an accuracy close to the one obtained with APACHE II. 

Nonsurgical patients with arterial stiffness, identified with 

lower ∆T and with tachycardia in the first 24 hours of hos-

pitalization generally have a higher death risk. The lower 

CT and AI, found in the multivariate analysis of Models 2 

and 3, seem to be related to cardiovascular dysfunction and 

reduction in the peripheral vascular resistance. Complement-

ing the models to APACHE II, a greater capacity to predict 

mortality in the three cases was observed, showing that the 

combination of scores can improve the prognosis of patients 

hospitalized in ICUs. Moreover, with the use of a nonlinear 

algorithm, obtained by ANNs, it was observed that the end 

point prediction was more accurate, indicating that this form 

of analysis is an important tool for clinical judgment, as 

already presented in other studies.46,47

As limitations to the study, we can describe the heteroge-

neity of the sample, which may have made the convergence 

of the results difficult, the use of the PPG signal of only 1 

minute, which made a more rigorous analysis of the HRV 

impossible, the sample loss for errors in the medical record 

identification, and poor quality of the signal, reducing the 

statistical power of data treatment.

Conclusion
This research analyzed the capacity to predict mortality in 

patients hospitalized in ICUs, by means of the PPG pulse 

curve. When compared with APACHE II, the accuracy was 

similar, but with the association of the proposed models with 

the APACHE II score, better results were observed. The use 

of ANNs was even more accurate, indicating that this tool is 

important to help in the clinical judgment of the intensivist.

However, more studies are necessary to compare such 

results with other ICU profiles.
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