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ORIGINAL ARTICLE

Hemodynamic monitoring in the intensive care

unit: a Brazilian perspective

Monitorizacdo hemodindmica em unidade de terapia intensiva:

uma perspectiva do Brasil

ABSTRACT

Objective: In Brazil, there are no
data on the preferences of intensivists
regarding hemodynamic monitoring
methods. The present study aimed to
identify the methods used by national
intensivists, the hemodynamic variables
they consider important, the regional
differences, the reasons for choosing
a particular method, and the use of
protocols and continued training.

Methods:

were invited to answer an electronic

National intensivists
questionnaire during three intensive care
events and later, through the Associacio
de Medicina Intensiva Brasileira portal,
between March and October 2009.
Demographic data and aspects related
to the respondent preferences regarding
hemodynamic monitoring were
researched.

Results: In total, 211 professionals
answered the questionnaire. Private
hospitals showed higher availability
of  resources for  hemodynamic
monitoring than did public institutions.
The pulmonary artery catheter was
considered the most trusted by 56.9%

of the respondents, followed by
echocardiograms, at 22.3%. Cardiac
outputwas considered the mostimportant
variable. Other variables also considered
relevant  were mixed/central  venous
oxygen saturation, pulmonary artery
occlusion pressure, and right ventricular
end-diastolic volume. Echocardiography
was the most used method (64.5%),
followed by pulmonary artery catheter
(49.3%). Only half of respondents used
treatment protocols, and 25% worked
in continuing education programs in
hemodynamic monitoring.

Conclusion:
monitoring has a greater availability in

Hemodynamic

intensive care units of private institutions
in Brazil. Echocardiography was the
most used monitoring method, but
the pulmonary artery catheter remains
the most reliable. The implementation
of treatment protocols and continuing
education programs in hemodynamic
monitoring in Brazil is still insufficient.

Keywords: Monitoring/physiology;
Monitoring, physiologic; Catheterization,
Swan-Ganz; Echocardiography; Cardiac
output; Questionnaires; Brazil

INTRODUCTION

Hemodynamic monitoring (HM) is an important component of critically
ill patient care. Knowledge of the cardiovascular function, monitoring of
therapeutic interventions, and the need for differential diagnosis make HM
techniques an essential component for the outcomes of these patients.

Since the early 1970s, with the introduction of the pulmonary artery
catheter (PAC)," the cardiovascular variables began to be routinely monitored
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in intensive care units (ICU). PAC allows for assessing
the hemodynamic status in detail, which is not possible
only by clinical means.* Because PAC is a monitoring
technique, it has no therapeutic properties, and as
an invasive technique, it has caused a heated debate
regarding its efficiency and safety in the decades since its
introduction.®” This debate is a product of the results of
some observational® and subgroup® studies, which have
led to reduced use of this tool."” The decreased use of
PAC coincided with the emergence and dissemination of
other less invasive HM techniques, such as determination
of the cardiac output (CO) by arterial pulse wave
analysis, transpulmonary  thermodilution,
echocardiography, Doppler, carbon dioxide (CO)
rebreathing, and bioimpedance and bioreactance."

However, although many forms of HM are available,
most physicians still need to better understand how to use
them and how to interpret the provided information*'¥
because there is a large variability in decisions based on the
HM-derived parameters.">'?

This study aimed to investigate the Brazilian status
regarding the use of HM devices, considering the
preferences of physicians, the variables used in HM,
how much HM is used in the ICU, reasons for choosing
a particular method, the existence or non-existence of
hemodynamic management and continuing training
protocols, and potential regional differences.

METHODS

contour

During three scientific meetings, (II Congresso
Luso-Brasileiro de Medicina Intensiva, held in 2010
in Pernambuco; XIV  Congresso Brasileiro de Medicina
Intensiva, held in Sdo Paulo in 2009; and IV Simpdsio
Internacional de Monitorizagio em UTI, also held in Sdo
Paulo in 2010), an electronic form was made available for
completion. Over a six-month period (March - October
2009), the form was also made available for completion
on the website of the Associacio de Medicina Intensiva
Brasileira (AMIB). Physicians present at these events,
intensivists or non-specialists in intensive care medicine,
whether intensivists or not, were invited to participate
in the study. The project was approved by the Ethics and
Research Committee of the Instituto de Assisténcia Médica
ao Servidor Publico Estadual (IAMSPE) under number
760.253/14, and there was exemption from obtaining the
informed consent form because the present study does not
involve patients or interventions.
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The following demographic data were collected: age,
gender, time since graduation, title in intensive care,
region of the country (North, Northeast, Southeast,
Midwest, and South), hospital type (public or private),
and number of ICU beds where the respondent worked.
The responses were stored in a database created exclusively
for this purpose. The identity of respondents was kept
confidential.

Respondents were asked whether the ICU where they
worked was able to assess central venous pressure (CVDP)
and mean arterial pressure (MAP) via an invasive arterial
line and whether PAC, esophageal Doppler LiDCO®,
PiCCO®, FloTrac/Vigileo®, and echocardiography were
available in the service. Furthermore, respondents were
asked how many patients had CVP and invasive blood
pressure measured per month.

Aiming to evaluate the importance of each method,
respondents were asked which of the methods they
considered the most reliable. To determine which variables
were most valuable in a patient with hemodynamic
instability, respondents were asked to grade the variables
in order of importance from 0 and 10. To identify which
were the most used monitoring methods, respondents were
asked which methods were used in the ICU they worked
at. The need for HM and the way it was performed was
assessed using the following questions: (1) to how many
patients per month was HM recommended; (2) how many
patients underwent HM; (3) whether a HM protocol was
used; and (4) whether there was a training and retraining
HM program.

The statistical analysis involved describing the
demographic characteristics of the individuals included in
the study. The health centers were divided into two groups
(private and public hospitals) and compared. To describe
categorical variables, the frequencies and percentages were
calculated. The quantitative variables were described using
central tendency and dispersion measures (mean and
standard deviation).

The choice of the statistical method used for
evaluating each variable was based on their distribution
pattern. Categorical variables were analyzed using the
chi-square test, and continuous variables were analyzed
with Student’s 7 test for normal distribution. P values
<0.05 (two-tailed) were considered significant. The
Statistical Package for the Social Sciences (SPSS) 13.0
for Windows (Windows Inc. Chicago, IL, USA) was
used for these calculations.



RESULTS

Table 1 shows the demographic characteristics of
the 211 respondents. Respondents were divided into
two groups according to the characteristics of their
institution: private (n=113) or public (n=98). These
two groups did not differ regarding age, gender, time
since graduation, geographic region, or title in intensive
care. There was a predominance of units with 10-20
beds, compared to units with less than 10 or more than
20 beds.

Table 1 - Demographic variables

Variables Puhll:\:l i(;s;mals Prlva':le=h1o:::)ltals \ i\lzl11 va||)ue
Age 38.3+8.6 37.3x7.7 37.8+8.1 0.353
Male 1.4 72.6 72.0 0.88
Time since graduation 0.50
Less than 5 years 16.3 15.9 16.1
5-10 years 245 31.0 28.0
10-20 years 43.9 40.7 42.2
More than 20 years 15.3 12.4 13.7
Region 0.50
Southeast 52.0 53.1 52.6
Northeast 14.3 21.2 18.0
South 15.3 9.7 12.3
Mid-West 1.2 115 11.4
North 7.1 4.4 5.7
Title 52.0 59.3 55.9 0.30
No title 48.0 40.7 441
ICU beds 0.02
<10 26.5 15.9 20.9
10-20 54.1 54.0 54.0
>20 19.4 30.1 25.1

ICU - intensive care unit. Results are expressed as means=standard deviations and
percentages.

Table 2 presents the most available HM methods.
There was greater availability of HM resources in private
hospitals than in public hospitals, with a significant
difference in MAP (p=0.001), PAC (p=0.005), esophageal
Doppler (p=0.002), FloTrac/Vigileo® (p=0.001), and
echocardiogram (p=0.004).

Table 3 shows the degree of confidence of respondents
in each monitoring type and the importance given to
certain variables. PAC was considered the most reliable
method by 56.9% of the respondents; echocardiography,
by 22.3%; FloTrac/Vigileo®, by 12.3%; and LiDCO®, by
4.7%. PiCCO® and esophageal Doppler were the most
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Table 2 - Available methods and variables used in hemodynamic monitoring

Variables Publllt\:l :;s;ntals PrlvaI:Ie=h101s;|tals \ :Izl1 1 ‘,a':ue
CVP/month 0.47
<25 46.9 3938 43.1
26-50 33.7 3938 37.0
>50 19.4 204 19.9
MAP/month 0.68
<25 56.1 4738 51.7
26-50 30.6 43.4 374
>50 13.3 8. 10.9
Available methods 35=16 450+1.4 4.03+=16 0.001
CvpP 94.9 98.2 96.7 0.18
MAP 69.4 88.5 79.6 0.001
PAC 49.0 68.1 59.2 0.005
Esophageal Doppler 35.7 575 474 0.002
LiDCO® 5.1 8.0 6.6 0.40
PiCCO® 5.1 6.2 5.7 0.73
FloTrac/Vigileo® 204 42.5 322 0.001
Echocardiography 69.4 81.4 75.8 0.04

CVP - central venous pressure; MAP - mean arterial pressure; PAC - pulmonary artery catheter.
Results are expressed as means=standard deviations and percentages.

reliable methods for only 1.9% of respondents for each
of the methods. Regarding the variables used for HM, the
five that were considered the most important were CO,
central venous oxygen saturation (SvcO,), mixed venous
oxygen saturation (SvO,), right ventricular end-diastolic
volume (RVEDV), and pulmonary artery wedge pressure
(PAWD).

Respondents indicated echocardiography as the
most used monitoring method, followed by PAC,
FloTrac/Vigileo® and esophageal Doppler, with 64.5%,
49.3%, 31.3%, and 25.6%, respectively. LIDCO® and
PiCCO® had usage percentages of 5.2% and 4.7%,
respectively (Table 4).

Table 5 lists the number of patients and HM
procedures per month and the percentage of services
that used protocols with therapeutic goals and that had
training and retraining programs.

DISCUSSION

The present study demonstrated, for the first time,
how HM is used in Brazil. The population interested in
answering the questionnaire was composed mostly of
physicians who had graduated between 5 and 20 years
before, were from the Southeast, had a specialist title in
intensive care medicine granted by AMIB and worked
in medium-sized ICUs. Therefore, interest in HM was
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Table 3 - Methods considered more reliable and importance of the assessed variables

MmN N2t vae

Most reliable method 0.57
Pulmonary artery catheter 52.0 61.1 56.9
Libco® 6.1 35 47
picCO® 3.1 0.9 1.9
Echocardiography 255 19.5 22.3
Esophageal Doppler 2.0 1.8 19
FloTrac/Vigileo® 11.2 133 12.3

Grades assigned to variables
co 83+19 8.4+19 8.4+19 0.855
SvcO, (central) 8.0+19 8.3+19 8.2+19 0.757
Sv0, (mixed) 76+26 75+23 75+24 0313
End-diastolic volume 71+24 7.2+2.1 7.1+22 0.740
PAWP 6.6+2.6 71+24 6.9+25 0.086
Vascular resistance 6.7+26 6.4+25 6.5+25 0.733
Systolic volume 6.6+2.6 6.4+25 6.5+2.6 0.543
CVP/DBP 6.2+2.7 6.7+25 6.5+26 0.232
Vena cava collapsibility 6.4+2.7 6.5+2.4 6.4+25 0.866
RV ejection fraction 6.3+2.3 6.3+2.4 6.3+2.4 0.868
Ventricular work 6.2+25 6.1+2.6 6.1x26 0.401
Intrathoracic blood volume 52x24 5.2x27 52+26 0.879

ELW 49+24 45+3.0 47x28 0.273

CO - cardiac output; ScvO, - central venous oxygen saturation; SvO, - mixed venous oxygen
saturation; PAWP - pulmonary artery wedge pressure; CVP - central venous pressure;
DBP - diastolic blood pressure; DV - diastolic volume; ELW - extrapulmonary lung water.
Results are expressed as means=+standard deviations and percentages.

Table 4 - Methods used for hemodynamic monitoring

Method used Publi'x\:I igs;)itals Privaltle=h1o:;itals \ :Izln vallxue
PAC 429 54.9 49.3 0.08
LibCO® 3.1 7.1 5.2 0.19
PICCO® 5.1 44 4.7 0.81
FloTrac/Vigileo® 224 389 31.3 0.01
Echocardiography 61.2 67.3 64.5 0.36
Esophageal Doppler 214 29.2 25.6 0.20

PAC - pulmonary artery catheter.

greater among physicians who were more experienced,
had a title in intensive medicine, and were from more
economically developed regions.

Although CVP was the method most mentioned
as available, the arterial line was the hemodynamic
variable most used to determine MAP. In the approach
for patients with circulatory shock, it is recommended
that MAP be measured by an arterial line whenever the
patient is using vasoactive drugs,"” and CVD, although it
is contested,"® is used to guide therapy in patients with

Rev Bras Ter Intensiva. 2014;26(4):360-366

Table 5 - Number of procedures performed, existence of therapeutic goals, and
training programs

Variables Public hospitals Private hospitals All p
N=98 (%) N=113(%)  N=211(%) value

Procedures/month 0.48

Less than 5 26.5 20.4 23.2

6-10 27.6 31.9 29.9

11-15 224 20.4 213

16-20 7.1 9.7 85

>20 16.3 17.7 171
E‘;Z;Zm;tg:jz”e‘j i 61.1 521 0.005*
Training/retraining 255 2.9 26 0.78

program

* Private hospitals compared with public hospitals.

severe sepsis/septic shock."” Echocardiography was the
most cited non-invasive HM method; however, it is worth
noting that the way the question was presented might
have led some interviewees to interpret the diagnostic
use of echocardiography as an HM method. The fact that
PAC was mentioned by 59% of respondents suggests that,
even with the emergence of new methods, this resource
is still used frequently in patients who undergo intensive
treatment. Less invasive technologies such as PiCCO®,
LiDCCO®, and FloTrac/Vigileo® were used by 44.5%
of respondents. These numbers suggest that less invasive
methods are becoming an alternative for HM in critically
ill patients.

Despite the importance of less invasive methods,
PAC, which is a technique known to be invasive, was
considered the most reliable. From the 1990s onward, the
usefulness and safety of PAC began to be questioned.®
Despite its reduced use in recent years"” and its being an
invasive technology associated with potentially serious
complications,®” the fact that, in this series, it was
considered by a population of experienced physicians
to be the most reliable technique is noteworthy. This
finding is most likely because PAC is the older HM
technology at the bedside and because of the multiple
studies using this method in many different clinical
scenarios. Echocardiography, despite being a non-invasive
technology that has been increasingly used,®” was
considered less reliable than PAC. Echocardiography is
highly operator-dependent, requires specific training,”*"
and is a technique still littdle dominated by intensivists,
which may be factors related to this belief.

The most valued hemodynamic variables were CO,
SevO,/SvO,, RVEDV, and PAW. The importance of

measuring CO is justified because this variable can be



correctly predicted by clinical evaluation in only 50%
of critically ill patients, which gives it a significant value
in the critically ill this situation.*® Another aspect to be
considered is that CO can be determined using various
technologies in addition to thermodilution with PAC,
such as transpulmonary thermodilution, arterial pulse
wave contour analysis, echocardiography and esophageal
Doppler."V The importance of measuring blood flow in
critically ill patients is crucial because CO is an important
determinant of oxygen transport. Determining CO is
useful for establishing the diagnosis, guiding therapy, and
determining the prognosis.*?

ScvO,/SvO, are variables used to determine the balance
between global oxygen availability and consumption by
the body. The occurrence of a drop in oxygen saturation
suggests imbalance between availability and tissue
requirements.?? The present study revealed that in the
evaluation of respondents, venous oxygen saturation is
considered an important marker of the cardiocirculatory
condition. A greater appreciation of ScvO, in relation
to SvO, may be a result of the popularization of ScvO,
with early goal-directed therapy,"? the advantage of
not requiring the insertion of a PAC, or even the lack
of knowledge that mixed SvO, reflects the oxygen
consumption in circulatory shock conditions.®

RVEDV and PAWP are two measures that estimate
the preload. The first is a variable that measures the
volumetric preload of the right ventricle, and the second
evaluates the preload of the left ventricle. Because PAWP
is a static measure of responsiveness to fluid, it has a
low ability to correctly estimate the preload in healthy
individuals®® and to predict the response to fluid infusion
in critically ill patients.”” However, it must be considered
that global variables, such as inflation pressures, are useful
until hemodynamic stabilization occurs, after which
the regional variables should guide the therapy.®® In
this context, a study of patients with acute myocardial
infarction treated in the pre-thrombolytic era showed
that an initial PAWP above 18mmHg was a significant
predictor of 30-day mortality,”” and in the last decade,
the use of CVP as a therapeutic target was shown to be
important in the initial management of patients with
severe sepsis and septic shock."? Thus, the controversy
remains on how useful blood pressure variables may be
to estimate the preload and the response to fluid infusion.

Most physicians performed up to 15 HM procedures
per month, which indicates a high incidence of patients
with circulatory disorders in the ICU. Despite this
frequency, just over half of respondents worked with
protocols of defined therapeutic goals, which was a more
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frequent characteristic in private hospitals than in public
hospitals. It is established that delayed hemodynamic
stabilization and lack of treatment protocols are two of
the leading causes of failure in HM studies. Once organ
dysfunctions are present, hemodynamic optimization has
no positive effect.?® A post hoc analysis of a randomized
study®” showed that when PAC was used after 16 hours
of the indication or when the degree of organ dysfunction
corresponded to a Sequential Organ Failure Assessment
score (SOFA) score >6, the use of PAC was not beneficial.®?
Because HM with PAC is a technology subjected to great
variability between observers when obtaining pressure
curves® and interpreting data,’® minimum specific
training is required. A standard from the American
College of Physicians, American College of Cardiology,
and American Heart Association discusses the need for
technical and cognitive knowledge to perform HM. The
conclusion is that these requirements vary according to
individual ability and dexterity and that a minimum of
25 procedures would be necessary to make the physician
proficient.®” Regarding the use of echocardiography
as an HM tool, in recent years, there has been much
excitement regarding this method.®? Recently, a French
study stipulated that a 12-hour training merging clinical
discussions with use of the technique would be sufficient
to make resident physicians proficient.®¥ Conversely,
Cholley et al.®? divide the technical proficiency into three
levels. The basal level corresponds to an operator with
minimal training, the medium level corresponds to an
operator in training, and the higher level corresponds to a
well-trained operator - this individual being able to fully
perform an echocardiographic examination. However,
these authors do not discuss how long it would take for
the operator to be fully proficient in this technology.®?
Regarding CO determination using esophageal Doppler,
a study showed that after 12 procedures, the operator was
able to obtain a clear and audible signal with a well-defined
wavelength.®”

Among the participants of the present study, only
25% worked with a program of continuing education
in HM, which was more frequently available in private
institutions. This is an important factor demonstrating
that despite hemodynamic instability being a major cause
of ICU admission and mortality, there is still a significant
shortage of intensivist training.

Our study has limitations. First, because the
questionnaire was not sent directly to the physician, and
their participation was thus dependent on availability to
answer it, there were few responses, considering the number
of physicians who work in Brazilian ICUs. Conversely, the
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low number of responses may reflect the lack of interest of
the average intensivist in different HM techniques. It is
also possible that there was a selection bias, as physicians
interested in hemodynamics may have greater tendency
to being willing to answer the questionnaire. Physicians
who attend the meetings mentioned may also belong
to a portion of the medical community more interested
in improving quality. In addition, the predominance of
respondents from the Southeast Region may not reflect
how HM is being performed in Brazil. This may be a
result of various aspects such as availability of resources
and training in different HM methods in other regions.
Finally, the questionnaire was not previously validated,
which may in fact be a limiting factor for the interpretation
of respondents.

CONCLUSION

In conclusion, the present study indicates that
physicians working >5 years in intensive care units
use hemodynamic monitoring more. Resources are
available more frequently in private hospitals than in
public hospitals. Blood pressure variables are the most
utilized; however, cardiac output was considered the
most important. Echocardiography and pulmonary
artery catheter are the most used monitoring methods,
but pulmonary artery catheter is still regarded the most
reliable method. Treatment protocols are still seldom used,
and most intensive care units do not have continuing
education programs for hemodynamic monitoring.

RESUMO

Objetivo: No Brasil, nao hd dados sobre as preferéncias
do intensivista em relacio aos métodos de monitorizagio
hemodinimica. Este estudo procurou identificar os métodos
utilizados por intensivistas nacionais, as varidveis hemodinimicas
por eles consideradas importantes, as diferengas regionais, as
razoes para escolha de um determinado método, o emprego de
protocolos e treinamento continuado.

Métodos: Intensivistas nacionais foram convidados a
responder um questiondrio em formato eletrénico durante
trés eventos de medicina intensiva e, posteriormente, por
meio do portal da Associagio de Medicina Intensiva Brasileira,
entre mar¢o ¢ outubro de 2009. Foram pesquisados dados
demogrificos e aspectos relacionados as preferéncias do
entrevistado em relacio 4 monitorizagio hemodinimica.

Resultados: Responderam ao questiondrio 211 profissionais.
Nos hospitais privados, foi evidenciada maior disponibilidade de
recursos de monitoriza¢ao hemodinimica do que nas instituicoes
publicas. O cateter de artéria pulmonar foi considerado o mais
fidedigno por 56,9%, seguido do ecocardiograma, com 22,3%. O

débito cardiaco foi considerado a varidvel mais importante. Outras
varidveis também julgadas relevantes foram débito cardiaco,
saturagdo de oxigénio venoso misto/saturagio de oxigénio venoso
central, pressao de oclusao da artéria pulmonar e volume diastélico
final do ventriculo direito. O ecocardiograma foi apontado como
o método mais utilizado (64,5%), seguido pelo cateter de artéria
pulmonar (49,3%). Apenas metade dos entrevistados utilizava
protocolos de tratamento e 25% trabalhava com programas de
educacio continuada em monitorizagio hemodinimica.

Conclusao: A monitorizacgio hemodinimica ¢é mais
disponivel nas unidades de terapia intensiva de instituicoes
privadas do Brasil. O ecocardiograma foi apontado como
método de monitorizacdo mais utilizado, porém o cateter de
artéria pulmonar permanece o mais confidvel. A implantagio
de protocolos de tratamento e de programas de educagio
continuada em monitorizacio hemodinimica no Brasil ainda
¢ insuficiente.

Descritores:  Monitoramento/fisiologia; Monitorizagao
fisioldgica; Cateterismo de Swan-Ganz; Ecocardiografia; Débito

cardfaco; Questiondrios; Brasil
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