Journal of Medicine and Medical Sciences Vol. 6(8) pp. 209-220, November 2015
Available online http://www.interesjournals.org/JMMS

DOI: http:/dx.doi.org/10.14303/jmms.2015.115

Copyright © 2015 International Research Journals

Full Length Research Paper

Dynamical systems applied to dynamic variables of
patients from the intensive care unit (ICU):
Physical and mathematical mortality predictions on ICU

Javier Rodriguez Velasquez

MD. Grupo Insight Head. Coordinator of Protocol C025-2014 of the Hospital Militar Central. Researcher of Clinica del
Country Research Center. Teacher of Research Area, Special Internship and Seedbeds in Physical and Mathematical
Theories Applied to Medicine. Faculty of Medicine — Universidad Militar Nueva Granada, Bogota, Colombia
E-mail: grupoinsight2025@yahoo.es

Abstract

Methodologies have been developed to evaluate the heart rate (HR) chaotic dynamics, differentiating
normality of chronic and acute disease and the evolution between these states; other dynamic variables
of system on ICU have shown a chaotic behavior. An induction from 8 patients was realized, five
discharged alive from ICU and 3 cases of mortality, defining sets and subsets, as well as operations
between them that differentiate and predict the dynamics of patients who survive of those with fatal
outcome, through the maximum and minimum values of chaotic attractors of 4 dynamic variables: Heart
rate (HR), arterial carbon dioxide partial pressure (PACO2), venous carbon dioxide partial pressure
(PvCO2), and oxygen venous saturation (SVO2). Finally a blind study was done with 12 patients,
calculating sensitivity, specificity, PPV, NPV and accuracy. Also a temporal decrease in the cardiac
dynamics evaluation was done, from 21 to 15 hours, through an induction with two cases, one with
normal dynamic and one with acute dynamic. The occupation spaces of cardiac chaotic attractors were
measured, and then a blind study was realized with 18 patients, calculating sensitivity, specificity and
Kappa coefficient. The equation T = [(B2N C2) U A1 U D3] U [(A2Nn B1) U C3 U D1] differentiates and
predicts the dynamics of patients who survive of those with fatal outcome in the ICU. The sensitivity,
specificity, PPV and NPV were 100%, and accuracy was 1. Acute cardiac dynamic was differentiated of
normal dynamic on 15 hours, allowing to reduce the time of the evaluation of this dynamic of 21 to 15
hours, the sensitivity and specificity values were 100% and Kappa coefficient was 1. Dynamical
systems in the context of set algebra allow differentiate patients who are discharged alive from those
with an adverse outcome. The evolution to death can be predicted in a physical and mathematical way
in the ICU.
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INTRODUCTION

The theory of dynamical systems studies how systems
evolve over time by analyzing its dynamic variables,
which are represented in the phase space with geometric
attractors. Such attractors can be punctual or cyclic if
they describe predictable dynamics, or can be chaotic if
they describe unpredictable dynamics (Devaney, 1992).
The latter attractors, by its own irregularity may be
characterized from fractal geometry. Founded by
Mandelbrot, fractal geometry studies the irregular objects;
fractals like chaotic attractors are called wild fractals,
which have overlapping parts (Peitgen, 1992). Also there
are abstract and statistical fractals, whose complexity is

calculated with Zipf's / Mandelbrot law (Zipf, 1949;
Mandelbrot, 1972; Rodriguez, 2005). The measure for
characterization of fractals is the fractal dimension; there
are various kinds of dimension definitions, such as Rényi
dimension spectrum, correlation dimension, information
dimension, between others (Kinsner, 2007; Eckmann and
Ruelle 1985; Grassberger and Procaccia, 1983).

This new geometric approach has allowed to show
morphological and  physiological  aspects of  living
systems (West, 1990; Goldberger and West, 1987) taking
into account the irregular structure of nature (Mandelbrot,
1972). Since this new approach have been characterized
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neoplastic and normal mammographic images (Pohlman,
et al.,, 1992; Lefebvre and Benali, 1995), lung, intestinal
and neural structures, among others (Gough, 1992;
Goldberger et al., 1990). Some research has achieved to
geometrically distinguish normal arterial structures from
pathological ones (Rodriguez et al., 2002, Rodriguez et
al.,, 2010b) and differentiate cell types of the squamous
epithelium of the cervix from normality to carcinoma
(Prieto et al., 2014, Rodriguez et al., 2015b). Also the
physical and mathematic theories has been applied to the
analysis of cardiac dynamics from Holter and continuous
ECG recordings, two test traditionally used to assess the
variability of RR interval, as well as bradyarrhythmias and
tachyarrhythmias, including other measures. The analysis
of the variability of the heart rate from the RR changes
over time was one of the greatest areas of interest in
cardiology. With the application of mathematical and
physical theories to the Holter record (Goldberger et al.,
2002, Higgins 2002, Costa et al., 2002), it has shown that
normal cardiac dynamics presents a chaotic or irregular
behavior (Wu et al.,, 2009, Braun et al., 1998), totally
contrary to the homeostatic conception, from which the
diagnostic parameter of normality is regularity while
irregularity was associated to disease. From this,
predictive fractal dimensions of mortality following acute
myocardial infarction (AMI) were developed (Huikuri et
al., 2000), finding better predictors.

Evaluating the space occupation of cardiac chaotic
attractors (Rodriguez et al., 2008), acute pathological
dynamics were differentiated of the chronic and normal
ones, confirmed with 150 cases (Rodriguez et al., 2011b)
and 170 (Rodriguez et al., 2015¢). Later it was applied to
ICU, reducing the evaluation time of cardiac dynamics
from 24 to 16 hours, achieving to establish objective and
reproducible mathematical measurements that
distinguish normal dynamics from those with acute
illness, allowing evaluate the evolution between these
states in less time (Rodriguez et al.,, 2015d). Also a
cardiac chaotic law (Rodriguez 2011) was developed,
which was applied to 115 patients (Rodriguez et al.,
2013a), and finally with the probability theory and the
principle of entropy was possible to differentiate normality
from the chronic and acute disease, and states between
them (Rodriguez, 2010b; Rodriguez, 2012a; Rodriguez et
al., 2013e; Rodriguez, 2014b; Rodriguez, 2015). In the
same way, the complexity degree of the normal and
acute cardiac dynamics from Zipf-Mandelbrot law was
found (Rodriguez et al., 2015c).

Arterial blood gases test is an invasive method to
measure the pH and the partial pressures of oxygen
(PAO2) and carbon dioxide (PACO2). Latters represent
the pressure of each gas in plasma. Normal values for
these arterial gases have been established for example,
PAO2 normal value should be higher than 80mmHg —
decreasing progressively with age — while the PaCO2,
usually between 35 and 45 mmHg, does not change with
age. On the other hand, venous blood gas

test is used not just to evaluate parameters such as
venous saturation — central or mixed —, venous oxygen
pressure (PVO2) and carbon dioxide pressure (PVCO2);
it also determines if body tissues are extracting and using
the oxygen from the arterial blood and indicates if
ventilation mechanisms work properly. In ICU, these
measures are usually evaluated directly into the heart
through a central catheter (Figueredo and Gonzalez,
2010; Jiménez and Montero, 2006).

There are not systematic and unified methods for the
specialized physician decisions (Gémez et al., 2000)
independently of populations and patients with specific
diseases. a lot of information should be taken into
account simultaneously, on which the physician must
decide if a specific data requires a more accurate
monitoring or can be dismissed as inconsequential
(Gémez et al., 2000).

From the algebra of sets, a methodology of clinical
application was developed to predict from the information
CBC, the population of CD4 cells in specific ranges of
leukocytes (Rodriguez et al., 2012, Rodriguez et al.,
2011a; Rodriguez et al., 2013b; Rodriguez et al., 2013d;
Rodriguez et al., 2014a). This methodology has been
applied to 500 (Rodriguez et al., 2013b), 800 (Rodriguez
et al., 2013d) cases and also it was improved and applied
to 150 cases (Rodriguez et al., 2014a), in all studies the
prediction percentages were up to 100%. This
methodology is useful for patients with HIV, because it
has lower costs than the flow cytometry, which is
currently considered as gold standard, but for its costs is
hardly accessible for the patients of low resources.

The present study aims to predict the evolution of
dynamic system variables of ICU patients, through the
simultaneous application of the dynamical systems theory
and set theory, developing physical and mathematical
mortality predictions of clinical application. This paper
also seeks to reduce the time of assessment of cardiac
dynamics of 21 to 15 hours.

METHODOLOGY

Definitions

Fractal

As substantive, irregular object; as adjective, irregularity.
Phases space

Space of two or more dimensions, which is possible to
plot the geometric attractor that represents the dynamics
of a system, in this case the return map will be used.
Return map

Plot of a dynamical variable, in which the values are



plotted, one against the following in sequential order.

Population

The following variable records were analized: Heart rate
(HR), arterial carbon dioxide partial pressure (PACO2),
venous carbon dioxide partial pressure (PVCO2) and
venous oxygen partial pressure (SVO2); this information
was recorded from 20 patients; 12 came out alive (group
A) and 8 with death condition (group B) from databases
of postoperative intensive care unit (ICU) of the Hospital
Militar Central (HMC), with ages over 21 years.

And for the study to reduce the time required for the
assessment of cardiac dynamics of 21 to 15 hours, were
taken 20 continuous electrocardiographic recordings or
holters of patients over 21 years old; 5 normal dynamics
came from Holter database of Insight Group and 15
dynamics of continuous electrocardiographic recordings
corresponding to ICU patients came from records
databases of postoperative ICU of HMC.

Procedure

An induction with eight patients (table 1) was developed:
five discharged alive, from group A, and three discharged
dead, from group B. Holter monitor test or continuous
electrocardiographic recording were taken for each
patient; maximum and minimum values for heart rate and
total number of heart beats in each hour were taken. Also
were measured daily values of others physiological
variables during time lapses between 2 and 12 days:
arterial carbon dioxide partial pressure (PACQO2), venous
carbon dioxide partial pressure (PVCOZ2), and oxygen
venous saturation (SV0O2), even 48 and 24 hours values
before dying for mortal outcome cases.

Heart rate information was imported to software
previously developed, which generates a simulation of
cardiac dynamics beat to beat inside the indicated range
for each time register. With this data, ordered pairs from
a heart rate against the next one in time were plotted,
generating a return map in the phases space in order to
build the chaotic attractor of cardiac dynamics. In the
same way, with maximum and minimum values from the
measures of the other variables — PACO2, PVCO?2,
SVO2 -, assessed from central catheter, chaotic
attractors were generated for each variable. Sets of each
of the variables for group A and group B were defined;
also subsets were defined between the sets defined for
mortality and alive outcome, as well as operations
between the sets and subsets searching to establish
quantitative and qualitative differences between the two
groups of patients analyzed in the induction.

Subsequent, a blind study was developed with data
from the other 12 patients. For that purpose, diagnostic
conclusions and outcome condition (dead or alive) were
hidden. The mathematical evaluation developed was
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applied to each patient; through operations between sets
and subsets, mathematics measures of alive or dead
outcome were obtained. Furthermore, data was unhidden
and sensitivity [SENS=TP / (TP + FN)], specificity
[SPEC=TN / (TN + FP)], positive predictive value (PPV)
[PPV =TP / (TP + FP)], negative predictive value (NPV)
NPV =TN /(TN + FN)] and accuracy [EXC=(TP + TN) /
(TP + FP + TN + FN)] were found. A binary classification
was used for this purpose: true positives (TP) where the
number of patients whose outcome was dead and that
are inside the mathematical values corresponding to
dead outcome; false positives (FP) is the number of
patients that mathematically behave as discharged dead
and in medical history are reported as discharged alive;
false negatives (FN) is the number of patients that
clinically were discharged dead but whose mathematical
values match with discharged alive, and finally, true
negatives (TN) were defined as those patients that
clinically were discharged alive and whose mathematical
values match with discharged alive.

A reduction of the time needed in order to evaluate
cardiac dynamic to 15 hours was also developed, in
which an induction was done with a continuous
electrocardiographic record with acute dynamic and a
normal Holter recording. Values of maximal and minimal
cardiac frequencies and the total heartbeat in 21 hours as
minimum were taken, and later during 15 hour. Cardiac
attractors were built for each patient and occupation
spaces were measured from two grids of 5 (Kp) and 10
beats/min (Kg) and the Box counting fractal dimension
was calculated such as in others works (26-28).
Subsequently, obtained mathematical measurements
from attractors obtained during 21 and 15 hours were
compared. Finally, a blind study was developed with 14
continuous electrocardiographic recording and 4 Holters,
to whom their diagnostic conclusions were masked and
the mathematical evaluation to each recording was
found.

To develop this blind study, the conventional
diagnostic was the gold standard and this result was
compared with the mathematical methodology,
calculating specificity, sensitivity and Kappa coefficient.
Such measures shall be made through a binary
classification where the true positives (TP) are the
number of patients diagnosed within the limits of
abnormality and has the same mathematical diagnosis,
false positive (FP) is the number of heart records that
mathematically behave as studies within the abnormality
and whose clinical diagnosis is normal, false negatives
(FN) is the number of heart records clinically diagnosed
as abnormal but whose mathematical values correspond
to normal patients and finally true negative (TN) is
defined as the number of heart records clinically
diagnosed as normal and whose mathematical values
also correspond to normal.

With the objective to evaluate the correlation between
the physical-mathematical methodology and conventional
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Table 1. Clinical data of the prototypes of groups A and B, chosen for induction. Sex: Female (F), Male (M).

No. Age Sex Indications

P1 86 M

Sepsis soft tissue. Chronic pulmonary disease exacerbation unspecified

P2 78 M

Cervical disc disorder with myelopathy. UCI- Evolution Orthopedics
Ventilator associated pneumonia and ARDS resolved

Acute neuropathic pain and cervical somatic

POP C3CS5 cervical fusion, type 2 diabetes, obesity, hypertension
IRC escalation in medullary shock resolution

Heavy Ex-smoking
P3 70 M

Extahapatica malignant tumor of the biliary tract. Severe sepsis source to establish severe ARDS
3A stadium cholangiocarcinoma Bismuth

POP ultrasound guided biospy of the intrahepatic biliary
Gram negative shock ECOLI type resolved

P4 79 M COPD

P5 75 M Pulmonary edema

Pleuropulmonar sepsis. Acute respiratory failure hypoxemia

Decompensated congestive heart failure

Upper abdominal pain located
Constipation

P6 82 M
Femoral neck fracture

Chronic obstructive pulmonary disease unspecified

P7 68 F Bleeding subracroidea

P8 86 M

perfusion.

State post resuscitation coupled mechanical ventilation, nasogastric tube fusional no murmurs
rhythmic heart sounds, noises bilateral basal hypoventilation, tips edema not adequate distal

clinical diagnosis is calculated Kappa coefficient by the
following formula:

K =Co—Ca
To-Ca

Co: Observed concordance, that means the number of
patients that represent the same diagnosis with both
methodologies: physical-mathematical methodology and
gold standard.

To: totality of observations, in this case, all continuous
electrocardiographic recordings and Holters studied Ca:
Random concordance that is calculated by the following
formula:

Ca=[(f,xC,)/To]+[(f,xC,)/To]

F1 is the number of patients who present
mathematical values within normal limits, C1 is the
number of patients clinical diagnosed within normality, F2
is the number of patients who represent mathematical
values associated to illness, C2 is the number of patients
clinically diagnosed with illness and T, is the total
number of cases.

Ethical considerations

This study included the approval of the ethics committee
of the Hospital Militar Central by file number 19696. This
study complies with the ethical principles of the
Declaration of Helsinki of the World Medical Association,
and adheres to scientific, technic and administrative
health research standards for the Ministry of Health of
Colombia. According to the resolution 8430 of 1993, this
research study is classified as safe, as calculations on
results previously prescribed tests are done without any
direct intervention on patients.

RESULTS

The maximum and minimum values of the attractors (see
examples of the attractors for the four variables below,
figures 1-4) of analyzed variables, for the patients of
group A were between 51 and 226 beat/min for HR, for
SVO2 between 59,7 and 93,7%, for PVCO2 between
29,4 and 65 mmHg, and for PACO2 oscillate between
25,8 and 73,7 mmHg. For the group B patients, the
values were between 68 and 183 beat/min for the HR,
between 14,4 and 64,1 mmHg for PACO2, between
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Figure 1. Attractor of HR for the prototypes P2 (dead) and P6 (alive).
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Figure 2. Attractor of PACO2 for the prototypes P2 (dead) and P6 (alive).

13 and 97,9 mmHg for PVCO2 y for the SVO2 between
22,1 and 92 %.

In order to differentiate the two groups, from these
maximum and minimum values, four sets, one for each
variable were defined for each group, and then 12
subsets were defined, including so to all possible
dynamics of variables.

For all sets and subsets, the HR units are beat/min,
SVO2 is expressed in %, and the units for PACO2 and
PVCO2 are mmHg.

The sets defined for the group A are:

Aa: {X € HR: 51= x < 226}

Ba: {x e PACO2: 25,8< x £ 73,7}

Ca: {x e PVCO2: 29,4 < x < 65}

Da: {x € SVO2: 59,7 < x £ 93,7}
And for the group B are:

Ag: {X € HR: 68=< x < 183}

Bg: {x e PACO2: 14,4< x < 64,1}
Cg: {x e PVCO2: 13 £ x< 97,9}
Dg: {x € SVO2: 22,1< x £ 92}

The subsets defined are:

Aq: {x € HR: 51< x< 68},

Az: {x e HR: 68< x< 183},

Asz: {x e HR: 183< x < 226},

B4: {x e PACO2: 14,4< x< 25,8},
B,: {x e PACO2: 25,8=< x< 64,1},
Bs;: {x e PACO2: 64,1< x < 73,7},
Ci: {x e PVCO2: 13 =< x< 29,4},
C,: {x e PVCO2: 29,4 < x< 65},
Cs: {x e PVCO2: 65 = x £ 97,9},
Dq: {x e SVO2: 22,1< x< 58,3},
D,: {x e SVO2: 58,3< x< 92},
Dj: {x € SVO2: 92< x < 93,7}
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Figure 3. Attractor of PVCO2 for the prototypes P2 (dead) and P6 (alive). In in this case, contrary
to the behavior of other variables, the attractor dynamics with fatal outcome, is larger than that

with alive outcome
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Figure 4. Attractor of SVO2 for the prototypes P2 (dead) and P6 (alive).

When analyzing the belonging of each patient to these
sets using the sets algebra (table 2), the totality (T) of
dynamics of the variables is given by the equation, L:
ALIVE. D: DEAD:

T=L+D =[(B,N Cy) U A, U D3] U [(AN By) U C3U D4

Disjuncts sets that determine the mortality (M) and alive
outcome (L) were obtained:

L (A1, Bz, Cz, D3) = (an C2) U A1 U D3
M (A2, B1, C3, D1) = (Azn B1) U C3U D1

In conducting the blind study, it was established that
the sensitivity, specificity, PPV and NPV were 100%, and
accuracy was 1.Regarding the study for reducing the time
required for analyzing cardiac dynamics from 21 to 15
hours (Table 3), the spaces occupied by normal
attractors evaluated in 21 hours were between 75 and

111 for the grid Kg, and between 275 and 419 for Kp, the
fractal dimensions (FD) varied between 1,5850 and
1,9296. For the pathological dynamics, FD ranged from
1,6555 and 1,9281; Kp values were between 54 and
1456 and kg values were between 16 and 390.

For evaluation in 15 hours, it was found that the
occupancy values for Kp grid of attractors of normal
dynamics were between 276 and 417; for the grid Kg
were between 76 and 111 and DF ranged from 1,5899 to
1,9095. For pathological dynamics, the DF were between
1,1699 and1,9475, Kp values were between 36 and
1439, and Kg took values between 16 and 399.

Comparing the space occupation of the
measurements for 21 hours and 15 hours for continuous
ECG records or Holter (figure 5), it was found that
occupying spaces values were higher than those found in
previous papers (Rodriguez et al., 2008, Rodriguez et al.,
2011b), so that a new mathematical diagnosis evaluation
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Table 2.Analysis of belonging or not to the joint defined by the algebra of sets.Outcome: D:Dead, L: Alive. P: Prototype

used for induction.NR: Not recorded.

Outcome No. Age Sex B,N C,[(B,N Cy) UA;|(B,N Cy) UA;UD;|A,N By (AN By) U Cs|(A,N By) UC;U Dy

P1 8 M X X X
1 8 M X X X
P2 78 M X
P3 70 M X X

b 2 89 M X X X
3 81 M X
4 60 F X
5 71 M X
P4 79 M X X X
PS 75 M X X X
P6 82 M X X X
P7 68 F X X X
P8 8 M X X X

L 6 70 F X X X
7719 F X
8 47 M X
9 49 F X
10 NR F X
11 68 M X
12 NR F X

was defined, establishing an acute dynamic was
characterized by values less than 74, values between 74
and 200, and values greater than 535 are characteristic
of disease, while values between 200 and 535
correspond to normal.

Subsequent to perform the blind study, sensitivity and
specificity of 100% and Kappa coefficient of 1 were
obtained.

DISCUSSION

This is the first work in which a predictive methodology of
clinical application for the evaluation of 4 physiological
variables usually used in the ICU were developed, after
an induction with eight cases, five with alive outcome and
three with dead outcome. This method achieved to
establish differences between alive and fatal outcome in
an objective, quantitative and reproducible way since
dynamical systems and algebra of sets. Its predictive
ability was confirmed by a blinded study, whose
sensitivity, specificity, PPV and NPV were 100%, and
accuracy was 1. This methodology, being based on
physical and mathematical theories, allowed a

simplification for the predictions of the observed
phenomenon. It also was developed the reduction of the
time required for assessing cardiac dynamics of 21 to 15
hours, founding a sensitivity and specificity of 100% and
a Kappa coefficient of 1. Timeless set of temporary
variables of the dynamic system allow to predict
irrespective of length of stay in the ICU, whether 24
hours, days, or months the limits of the values found
could change, however, this does not change the
essence of the mathematical methodology developed.
There are many scoring system and models for
intensive care units (Knaus et al., 1985, Hosseini and
Ramazani, 2015; Hsieh et al., 2014; Cismondi et al.
2015, Le Gall et al., 1993). Some of the most frequently
used are APACHE-II (acute physiology andchronic health
evaluation 1) (Knaus et al., 1985) and SAPS Il (simplified
acute physiological score Il) (Le Gall et al., 1993), which
provide a gross estimate of mortality risks in ICU.
However these scoring systems depend of measures
taken in a specifical moment and the development of the
patient dynamic is not taken into account, and also these
scoring have shown dependence of the population
(Rowan et al., 1993). The predictions developed in this
paper allow making dynamic assessments over time,
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Table 3.0ccupation values of cardiac chaotic attractors for 21 to 15 hours.Sex: Female (F), Male (M).FD:Fractal Dimension.

21 hours

15 hours

Age

Indications

Kg

Kp

FD

Kg

Kp

FD

43

Study within normal limits

99

297

1,58496

98

295

1,58986

39

Study within normal limits

87

308

1,82384

87

304

1,80498

31

Study within normal limits

111

419

1,91639

111

417

1,90949

45

Study within normal limits

105

400

1,92961

106

397

1,90507

alb|lw|N]|=|=z

31

(7

Study within normal limits

75

275

1,87447

76

276

1,86060

7

Abdominal sepsis. Exploratory laparotomy
Postoperative; drain peritonitis, removal of
adhesions; omentectomy; appendectomy.
Coronary disease history.

Invasive mechanical ventilation

33

114

1,78850

32

93

1,563916

79

COPD

35

121

1,7895802

33

116

1,81359

82

Pulmonary sepsis. Ventilatory failure secondary.

175

601

1,78001

159

588

1,88679

89

Renal failure unspecified. Other signs and
symptoms involving cognitive function and
awareness unspecified. Acute respiratory
Insufficiency

16

54

1,7548875

16

36

1,16993

10

86

Sepsis soft tissue. chronic pulmonary disease
exacerbation unspecified

36

137

1,92811

34

118

1,79518

11

83

Gall bladder disease, unspecified

213

798

1,9055

217

837

1,94753

12

32

Diffuse alveolar hemorrhage, septic shock,
pneumonia in immune suppressed patient,
acute-pulmonary hipotemic pneunositosis,
double mitral valve lesion, minimal aortic
regurgitation, severe tricuspid failure, Systemic
erythematosus lupus, serosistis: pericardial
effusion  without hemodynamic  minimum
repercussion, severe pulmonary hypertension
type A. Background alveolar hemorrhage four
years ago.

29

87

1,585

27

85

1,65450

13

29

Congestive heart failure. Cardiogenic shock,
Terminal heart failure LVEF 15%. Dilated cardio
myopathy. Primary thrombophilia

22

74

1,75

21

72

1,77761

14

79

Atrial flutter fibrillation. Hypertension blood and
unclear history of heart arrhythmia, constant
oppressive  chest pain, cardiac output,
respiratory failure requesting endotracheal
intubation performed cardiac enzymes reported
as positive curve starts vasoactive support to
maintain adequate perfusion pressures. UCI
torequest transfer to hemodynamic monitoring
and management.

33

97

1,6555

32

100

1,64386

15

83

Gall bladder disease, unspecified

211

800

1,92276

194

711

1,87379

16

62

Septic shock of abdominal origin, with suspected
intestinal fistula

48

171

1,83289

48

175

1,86625

17

82

Pulmonary sepsis. Ventilatory failure secondary.

390

1456

1,90046

399

1439

1,85061

18

70

Cancer of the bile duct extrahapatica. Severe
sepsis source to establish Severe ARDS

33

97

1,6555

32

100

1,64386

19

79

=E| = =] =

Frontopariental hemorrhagic stroke left primary
Vs secondary malformation

16

54

1,56555

16

36

1,16993

20

67

Epilepsy. Unspecified pneumonia. Unspecified
heart failure, chronic obstructive pulmonary
disease unspecified

59

180

1,60921

58

189

1,70426

in a universal way, being applicable to each particular

case. The time, in hours, required to the predictions,

could be adjusted with further studies.
In a previous study, from spaces occupied by the
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Figure 5. Pathological cardiac dynamics attractor corresponding to patient No. 6
(Table 3). The similarity of the space occupied between the two attractors can be
observed, one generated with data for 21 hours (red) and the other for 15 hours
(green) obtaining measures of 114 for 21 hours and 93 for 16 hours, in Kp grid.

attractor of cardiac dynamics in less than 21 hours, it was
possible to differentiate between normal and acute illness
(Rodriguez et al, 2008, Rodriguez et al., 2011b,
Rodriguez et al.,, 2015e), subsequently reducing the
evaluation time (Rodriguez et al., 2015d). Here, a
reduction to 15 hours is achieved, being useful to study
the evolution in less time. Other diagnostic physical-
mathematical methodologies (Rodriguez 2011,
Rodriguez et al., 2013a; Rodriguez, 2010b; Rodriguez
2012a; Rodriguez et al., 2013e; Rodriguez, 2014b) could
also be applied to the ICU. Different mathematical
methods for the study of heart rate variability have been
developed (Perkiomaki et al., 2002; Lin et al., 2001; Voss
et al.,, 2009; Perkiomaki et al., 2005) being its clinical
applicability still discussed. In this study, the HR along
with the other three variables analyzed in the context of
set theory allow to establish an objective assessment of
the dynamics of the system, showing a simultaneous self-
organization of clinical application, where the predictions
were corroborated by the blind studies developed. These
would be useful for evaluating the effect of
pharmacological or surgical interventions, regardless of
population variables.

In cardiac dynamics, from entropy proportions,
postoperative predictions were developed, taking two
specific cases, including one of coronary ablation
postoperative for which, the evolution of patient
(Rodriguez, 2010b) was mathematically predicted from
declining values of thousands, values that reflect how far
the dynamics is from normal obtaining following values;
Day 1: 0.88, Day 2: 0,60 and Day 3: 0.41, showing
recovery, which was confirmed clinically. The other case
is a patient who underwent cardiac catheterization and
colocation of a stent in the right coronary artery, values of
thousands were on Day 1: 0.95, Day 2: 0.94 and Day 3:
2.71 (Rodriguez et al., In press), on day 3 a worsening of
cardiac dynamic system evolution occurs, which was

confirmed clinically because the patient had an acute
myocardial infarction. On the other hand, predictions of
the number of T CD4+ cells have been developed from
set theory and probability theory (Rodriguez et al., 2012;
Rodriguez et al., 2011a; Rodriguez et al., 2013b;
Rodriguez et al., 2013d; Rodriguez et al., 2014a) applied
to the information of CBC, which have been confirmed
with 800 (Rodriguez et al., 2013d) and 500 (Rodriguezet
al., 2013b) cases; this methodology has been improved
and applied to 150 cases (Rodriguezet al., 2014a), and
the prediction was extended for patients with CD4
lymphocyte population below 200CD4/ul; thus, there is an
alternative for monitoring treatment in patients with HIV,
more affordable and accessible especially in those
regions of the world with limited resources. In this paper,
at joining the two theories from induction, it is described
the phenomenon quantitatively and qualitatively,
establishing mortality predictions.

The determinism based on causality was reevaluated
from the appearance of physical theories like statistical
mechanics (Matvéev, 1987; Tolman, 1979), quantum
mechanics (Feynman et al., 1964a) and chaos theory
(Fernandez, 1990), opening doors to causeless
conception of phenomena. From this perspective,
Prigogine affirms that for wunderstanding of the
phenomena we only have temporal windows,
quantifications achieved by the developed methodology
are causeless temporal windows, from simultaneous
mathematical relations where is possible to find all
dynamics of evolution to mortality, taking medicine to
generalizations. Temporal windows have shown to be
useful in diagnosis of uterine cervix cells (Prieto et al.,
2014), displaying the possible trajectories (Rodriguez et
al., 2015b) between normality to cancer, evaluating
the proportion of nucleus and cytoplasm occupation
space. From this perspective, it is possible that patients
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appear between both sets, meaning we can find patients
progressing to an alive outcome or mortality, which
makes the evolution of temporal windows useful in the
evaluation of the critical patient in these cases and
applicable in any other specific patient.

The developed methodology follows the generalist
perspective of theoretical physics; during millenniums,
empirical tables about movement of celestial bodies were
developed, but Newton achieved a complete
understanding about mechanics in a single equation
(Feynman et al., 1964b) in which all empiric tables are
deduced, and phenomena is predicted doing experiments
to confirm what it was already known, unlike empirism,
which makes experiments to know how nature works.
With these sets, all empiric tables can be built for these
variables in the ICU avoiding classifications whether a
patient is classified with sepsis or postsurgical o
coronary, etc., and as Kant affirms, about the method in
physics (Kant 1905): “They comprehended that reason
has insight into that only, which she herself produces on
her own plan, and that she must move forward with the
principles of her judgments, according to fixed law, and
compel nature to answer her question”. In this direction,
clinical and experimental information has been taken to
the context of predictive physical and mathematical laws
and principals, elevating critical medicine to theoretical
physics level.

In addition to the aforementioned, (Rodriguez et al.,
2002; Rodriguez et al., 2010b; Prieto et al., 2014;
Rodriguez et al.,, 2015b; Rodriguez et al., 2008;
Rodriguez et al., 2011b; Rodriguez et al., 2015e;
Rodriguez et al., 2015d; Rodriguez, 2011; Rodriguez et
al., 2013a; Rodriguez, 2010b; Rodriguez, 2012a;
Rodriguez et al., 2013e; Rodriguez, 2014b; Rodriguez,
2015; Rodriguez et al., 2012; Rodriguez et al., 2011a;
Rodriguez et al., 2013b; Rodriguez et al.,, 2013d;
Rodriguez et al., 2014a), other methodologies based on
physics and mathematics have been developed in
different branches of medicine; from dynamic systems
theory and application of Boltzmann-Gibbs entropy law,
differentiation between normality and disease was
achieved in fetal monitoring (Rodriguez 2012b); in
neonatal cardiac dynamic, quantification of progression
to sepsis based on occupation spaces in a range of time
between 6 and 3 hours previous to the septic event was
developed (Rodriguez et al., 2014c), predictions of
binding of peptides of Plasmodium falciparum to HLA-II in
molecular biology was achieved (Rodriguez et al.,
2010a), as well as prediction on epidemics dynamic
(Rodriguez, 2010a), Rodriguez and Prieto, 2010;
Rodriguez, 2009; Rodriguez, 2009; Rodriguez, 2013c,
Rodriguez, 2011c; Rodriguez et al.,2015a).
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