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Abstract
Background: Several studies suggest that hemodynamic optimization therapies can reduce
complications, the length of hospital stay and costs. However, Brazilian data are scarce. Therefore, the
objective of this analysis was to evaluate whether the improvement demonstrated by hemodynamic
optimization therapy in surgical patients could result in lower costs from the perspective of the Brazilian
public uni�ed health system. Methods: A meta-analysis was performed comparing surgical patients who
underwent hemodynamic optimization therapy (intervention) with patients who underwent standard
therapy (control) in terms of complications and hospital costs. The cost-effectiveness analysis evaluated
the clinical and �nancial bene�ts of hemodynamic optimization protocols for surgical patients. The
analysis considered the clinical outcomes of randomized studies published in the last 20 years that
involved surgeries and hemodynamic optimization therapy. Indirect costs (equipment depreciation, estate
and management activities) were not included in the analysis. Results: A total of 21 clinical trials with a
total of 4872 surgical patients were selected. Comparison of the intervention and control groups showed
lower rates of infectious (RR=0.66; 95% CI=0.58-0.74), renal (RR=0.68; 95% CI=0.54-0.87), and
cardiovascular (RR=0.87; 95% CI=0.76-0.99) complications and a nonstatistically signi�cant lower rate of
respiratory complications (RR=0.82; 95% CI=0.67-1.02). There was no difference in mortality (RR=1.02;
95% CI=0.80-1.3) between groups. In the analysis of total costs, the intervention group showed a cost
reduction of R$396,024.83-BRL ($90,161.38-USD) for every 1000 patients treated compared to the control
group. The patients in the intervention group showed greater effectiveness, with 1.0 fewer days in the
intensive care unit and hospital. In addition, there were 333 fewer patients with complications, with a
consequent reduction of R$1,630,341.47-BRL ($371,173.27-USD) for every 1000 patients treated.
Conclusions: Hemodynamic optimization therapy is cost-effective and would increase the e�ciency of
and decrease the burden of the Brazilian public health system.

Background
Millions of major surgeries are performed every year worldwide [1]. The mortality and morbidity rates of
high-risk surgeries vary among countries but are considered high, making them a global problem [2-4]. In
Brazil, in 2008, the mortality rate of patients admitted to intensive care units (ICUs) after major surgeries
was 15%; after 90 days, it reached 20.3%. The main postoperative complication found in Brazil was
sepsis (24.7%), and the main cause of death was multiple organ dysfunction [5].

Postoperative complications in high-risk patients undergoing major surgery are associated with low
cardiorespiratory reserve and the inability to maintain adequate oxygen delivery (O2) during surgical
trauma to meet the increased metabolic demand [6-8]. As a consequence, there is an imbalance in the
ratio of oxygen delivery to oxygen consumption, leading to hypoperfusion, multiple organ dysfunction
and severe infections, which are important causes of postoperative mortality [4]. Perioperative
hemodynamic optimization therapy aims to adjust cardiac function to meet the increased demand during
the perioperative period, thus avoiding hypovolemia or hypervolemia and, ultimately, tissue hypoperfusion
and postoperative complications. This requires adequate hemodynamic monitoring to guide the early
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treatment of each patient, allowing earlier identi�cation of the need for �uid optimization, blood
transfusion, and vasoactive drugs.

Studies and meta-analyses have shown that perioperative hemodynamic optimization therapy has a
signi�cant impact on the outcomes of high-risk patients undergoing major surgery, potentially decreasing
morbidity and mortality, the length of ICU stay, and the length of hospital stay [9-11]. However, the risk-
bene�t ratio of this type of monitoring has been questioned because it is invasive and carries risks [12].
Monitoring techniques include pulmonary artery catheterization, transpulmonary thermodilution,
echocardiography, transesophageal Doppler echocardiography, pulse contour analysis, partial carbon
dioxide rebreathing and bioimpedance.

Cost-effectiveness is represented by a ratio between monetary cost, usually expressed in a national
currency, in the numerator and a measure of health gain in the denominator. The poor adherence to
perioperative hemodynamic optimization therapy in clinical practice combined with the need to improve
the effectiveness of care for surgical patients in the face of increasing demand points to the urgent need
for cost-effectiveness assessments that encourage the use of perioperative hemodynamic optimization
therapy in this area, particularly in resource-limited settings.

Health resources are increasingly limited, and a lack of knowledge on a method is a barrier to the
implementation of new therapies with proven effectiveness that could not only save lives but also lead to
a reduction in resource use. Our hypothesis is that these interventions, due to their signi�cant impact on
the length of hospital stay and complications, would be cost-effective for the public health system.

This study aimed to evaluate whether the use of perioperative hemodynamic optimization therapy is cost-
effective for patients undergoing major surgery from the perspective of the Brazilian uni�ed health
system by evaluating the impact of a reduction in the length of hospital stay, complication rates and
mortality on hospital costs.

Methods
A systematic review of the clinical trials indexed in CENTRAL (PubMed), MEDLINE (OvidSP) and EMBASE
(OvidSP) between 2001 and 2018 was performed. The search used the following keywords, which were
expected to be present in the title and/or abstract: "randomized studies" and "surgeries", and/or
"perioperative", and/or "high-risk", and/or "complications", and/or "intraoperative" and/or "postoperative",
and/or "cardiac output", and/or "cardiac index", and/or "hemodynamic monitoring", and/or
"hemodynamic optimization therapy", and/or "hemodynamic intervention", and/or "cost-effectiveness",
and/or "mortality". Methods identical to those recommended by the Cochrane systematic review of
randomized controlled trials on increased blood �ow to the organs, with explicitly de�ned goals and
results after surgery, were used.

Only studies published in the English language were included. Two independent researchers identi�ed the
titles and abstracts of the potentially eligible studies. Disagreements between the investigators were
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resolved by a consensus. Two other researchers extracted the following data from the full texts of
potentially eligible studies: study design, patient population, interventions and outcomes. Similar to the
approach used for the selection of texts, any disagreements between researchers regarding the data
extraction were resolved by a consensus. Each included study was assessed independently by the �rst
and second reviewers for risk of bias in random sequencing generation, allocation concealment, blinding
of participants and personnel, blinding of outcomes assessment, incomplete outcome data, selective
reporting, and other sources of bias using the Cochrane Risk of Bias Tool [13]. In the absence of
appropriate published data, at least one attempt was made to contact the authors of eligible studies to
obtain necessary data. The analysis was performed with the best available information when there was
no response.

The following information and outcomes were recorded: number of patients with respiratory
complications (i.e., the need for respiratory support for more than 24 hours after surgery, hypoxemia, and
acute changes in lung mechanics), cardiovascular complications (need for hemodynamic support, such
as the use of inotropes and vasopressors during the postoperative period), renal complications (oliguria,
unexpected increase in creatinine and need for dialysis) and infectious complications (infections that
occurred during the postoperative period) based on the records of each study. Mortality was assessed
throughout the longer follow-up period (primary outcome) or was examined as in-hospital mortality. Many
studies reported complications as the number of complications rather than the number of patients with
complications, but we examined only the last unit in the analysis, which was the number of
complications per patient.

To calculate the costs of these complications, only the length of ICU stay was considered.

The inclusion criteria of the selected studies were as follows:

1) studies in adult patients (18 years or older);

2) studies with patients undergoing hemodynamic optimization therapy with some type of cardiac output
monitor;

3) studies that related the costs of hemodynamic optimization therapy and its outcomes, such as the
reduction in mortality or morbidity rates or the reduction in the length of hospital or ICU stay; and

4) interventional studies comparing the use of invasive or minimally invasive monitoring with the
standard strategy for hemodynamic optimization to alter clinical outcomes. The intervention should meet
the following criteria:

Perioperative period: The administration of �uids with or without inotropes/vasoactive drugs to increase
blood �ow (standard therapy group) was compared with goals measured explicitly with invasive or
minimally invasive hemodynamic monitoring (intervention group). The perioperative period started at the
beginning of surgery and lasted up to 24 hours after surgery. Explicit goals were de�ned for the cardiac
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index, oxygen delivery (DO2), oxygen consumption, systolic volume, mixed or central venous oxygen
saturation, oxygen extraction, or serum lactate.

The exclusion criteria were as follows:

1) animal studies;

2) studies published prior to 2001;

3) observational studies that did not use clinical intervention to change outcomes or case reports; and

4) studies involving critically ill patients prior to intervention or with established sepsis who therefore had
a high probability of unfavorable outcomes and death regardless of the intervention.

Cost assessment

For the cost-effectiveness analysis, the costs were separated into 10 categories and two periods: the
intraoperative period (monitoring and costs of �uid infusion, inotropes or vasopressors and blood
transfusions) and the postoperative period in the ICU, which was maintained at �xed daily rates
regardless of the disease, clinical examinations and procedures and depended on postoperative
complications, laboratory diagnosis, and the use of antimicrobial and other agents (cardiac support, renal
support, physical therapy and imaging). To avoid confounding factors, the costs of the surgical
procedure (considering that the surgeries would have the same magnitude), postoperative analgesia and
preoperative state were excluded from the �nal analysis, as were costs related to the hospital
infrastructure (electricity, safety system, etc.) and costs related to equipment depreciation, estate and
management activities. This approach makes different institutions comparable not in terms of values but
in terms of resource utilization. We believe that this simpli�ed economic analysis can provide reliable and
interchangeable data.

The overhead costs were estimated from a social perspective (i.e., regardless of who will bear the cost).
However, the unit costs of health resources and services were obtained from the national databases of
the Brazilian public health system, and therefore, the direct costs represent the costs borne by the payer
[14-19].

The incremental cost-effectiveness analysis was based on the difference in costs divided by the
difference in survival days in each group.

The results are described in two ways: in Brazilian currency (R$-BRL) and the equivalent in dollars ($-
USD) for the present day. 

Statistical analysis

The analyses were performed in Review Manager (RevMan 5.2.8) using �xed effects models with random
effects models for comparison. In the �xed effects regression models, the effect of interest is the same in
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all the studies, and the differences observed are due only to sampling errors. Otherwise, the random
effects model assumes that the effect of interest is not the same in all studies, that is, the model
incorporates a measure of the variability of effects between different studies. In the latter model, the
larger the sample size is, the greater the weight of the study in estimating the meta-analytic measure.

We applied the intention-to-treat method for all analyses. Treatment effects are reported as the relative
risk (RR) and con�dence interval (95% CI) for clinical variables or as differences in the weighted average
(SD) or median for the length of ICU and hospital stays. Empty cells, the result of studies in which no
event was observed in one or both arms, were corrected by adding a �xed value (0.5) to all cells with an
initial value of zero. The chi-square test was used to assess whether the differences observed in the
results were due to chance. A large chi-square (I2 statistic) provided evidence of heterogeneity of the
intervention effects (indicating that the estimated effect was beyond chance).

Results
Initially, 52 potential articles were identi�ed. After the inclusion and exclusion criteria were applied, 21
articles remained (Fig 1).

Of the selected studies, 21 used techniques to measure cardiac output; these studies had a total of 4872
patients at high surgical risk (Table 1).

The risk of bias assessment for each of the included studies can be visualized (Figs 2a and 2b). Most
studies reported problems with blinding.

The mortality rate in the intervention group was 2.6% (125); in the control group, it was 2.5% (122). There
were no statistically signi�cant differences in mortality rates (Fig 3).

The rates of infectious complications (RR=0.66, 95% CI=0.58-0.74), renal complications (RR=0.68, 95%
CI=0.54-0.87) and cardiovascular complications (RR=0.87, 95% CI=0.76-0.99) after surgery were
signi�cantly higher in the control group than in the intervention group. Regarding respiratory
complications, there was no signi�cant difference in the random effects analysis, but the �xed effects
analysis yielded statistically signi�cant differences (RR=0.81; 95% CI=0.66-0.98) (Fig 4).

In the comparison between groups, the patients in the intervention group had shorter lengths of hospital
and ICU stays (Table 2).

Costs were calculated based on the costs for the intraoperative (anesthesia, monitoring, infusions and
blood products) and postoperative (patient care, clinical exams, routine procedures, routine laboratory
and radiological exams and others) periods. Each outcome was accounted for with costs associated with
that particular complication. The mean outcomes were calculated by multiplying the output by the
probability of being in that particular health state and the length of days in the ICU. The total cost
assumes that every patient (intervention or control group) had all complications (Tables 3 and 4).
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The amount was extracted from the �ndings of the studies (Table 2) and extrapolated to represent the
costs of 1 patient from a Brazilian cost perspective.

The intervention group was monitored hemodynamically during the intraoperative period and was
managed according to the data measured. The control group did not undergo hemodynamic monitoring
and was treated according to the standard procedure.

Regarding complications in terms of only the length of ICU stay, those who received standard therapy
showed higher costs when they developed infectious, renal, cardiovascular and respiratory complications
(Fig 4).

Based on these calculations, when estimating costs for the two types of treatment per 1000 patients, the
highest costs were observed for the standard treatment in the presence of complications. On the other
hand, the bene�ts were not sustained for patients without complications or those who did not survive
because the costs were higher for patients who were treated with goal-directed therapy (Fig 5).

The cost and �nal effectiveness of the intervention group (optimization therapy) were lower than those of
the control group (conventional therapy). Although there was no signi�cant difference in mortality rates,
the cost of patients in the intervention group based on 1000 treated patients was R$396,024.83-BRL
($90,161.38-USD) less than that of patients in the standard therapy group (incremental). In addition, the
intervention group showed a reduction of R$1,630,341.47-BRL ($371,173,27-USD) per 1000 patients with
complications (Figs. 6 and 7). A wide difference in costs can be seen for patients with infection (Fig 7).

Discussion
This study presented the �rst cost analysis of perioperative hemodynamic optimization therapy in Brazil.
Despite the increase in costs due to the acquisition of materials and equipment and the provision of
greater care in the perioperative period, perioperative hemodynamic optimization therapy showed more
bene�ts and lower �nal costs than standard therapy for high-risk surgical patients.

The bene�ts of perioperative hemodynamic monitoring, especially in terms of complications and the
length of hospital stay, are known [20, 21], but few studies have shown bene�ts in terms of mortality rates
[22]. The data used to perform the calculations did not show differences in mortality rates, but when we
performed a cost-effectiveness analysis according to complications, we observed a signi�cant reduction
in costs (total cost of standard therapy, $5,537.00-USD, versus $4,200.14-USD for the intervention) and
gains in effectiveness (1.0 days in the ICU and hospital) in terms of the reduced length of stay. These
facts translate to an incremental cost-effectiveness ratio of $1,336.87-USD to the health system for each
patient who receives only standard therapy if presents with complications.

The results of this analysis are consistent with the economic health analyses performed in previous
studies. A cost-effectiveness analysis using data from two recent clinical trials of perioperative
hemodynamic therapy suggested that this treatment resulted in a net reduction in health costs and
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therefore was cost-effective [23, 24]. However, more recent data from clinical trials have suggested that
this treatment could offer only modest improvements in patient outcomes and, in some cases, provided
evidence of borderline clinical effectiveness [25].

The �rst economic study conducted during the perioperative period was performed by Guest et al. [24],
and demonstrated that high-risk patients undergoing a goal-directed hemodynamic optimization strategy
protocol experienced not only survival bene�ts but also lower total hospital costs (median of $10,968.50-
USD vs $13,084.90-USD). This analysis did not include the clinical bene�t and therefore could be
considered a pure cost minimization study. Likewise, subsequent studies have shown cost savings when
goal-directed therapy is initiated in the preoperative period [26] or perioperative period [27]. Fenwick et al.
[23] performed a cost-effectiveness analysis of a preoperative optimization regimen. In their analysis, the
incremental costs were compared to the survival bene�ts among the different treatment groups. Previous
data from other countries have shown similar estimates in elderly patients undergoing hip fracture repair,
which is considered a high-cost surgery [28].

Although the results of economic health simulations continue to suggest that perioperative
hemodynamic therapy may be economical and, therefore, cost-effective, these �ndings are sensitive to
the size of the treatment effect [26, 27]. Interestingly, the economic evaluations of early hemodynamic
therapy in patients with severe sepsis also indicate that treatment can be cost-effective [29, 30]. However,
these analyses were based on the assumption of a strong treatment effect, while the results of recent
randomized clinical trials suggested that such protocols have little or no clinical bene�t in patients with
severe sepsis [31].

Thus, while the �ndings of the current study are consistent with those of previous analyses, de�nitive
evidence provided by a large clinical effectiveness trial is necessary to con�rm the economic impact of
perioperative hemodynamic cardiac output optimization therapy. However, we emphasize that the
�ndings are important because they show that perioperative hemodynamic intervention represents an
excellent expenditure of public money from the Brazilian perspective.

However, this study has some limitations that we must discuss, such as the fact that the cost-
effectiveness analysis was based on data from clinical trials with extrapolated results of studies
performed in both developed and developing countries, and the type, incidence of complications and
length of stay for the same procedure can differ between countries. Despite the use of appropriate
methods and long-term survival data, the cost assessment was carried out in a developing country
(Brazil), in which it is highly representative of similar countries with the same economic potential. The
cost of uncertainty in decision-making was calculated along with the traditional cost-effectiveness
results. Cost data and results were collected only during ICU stays, and the cost-bene�t analysis may
involve other assumptions that could not be extrapolated with these data. Some follow-up data were
missing and were resolved with an approximation by multiple imputation [32]. Furthermore, although
economic health data were prospectively included in the dataset, the calculations were based on clinical
results. These results should be interpreted considering that most tests are designed to detect differences
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in clinical effectiveness rather than cost-effectiveness. The costs of health care are more variable than
clinical results, and economic evaluations may therefore lack statistical power. The primary objective of
an economic evaluation is not to test hypotheses but rather to estimate incremental measures of cost-
effectiveness and to provide an adequate representation of the uncertainty around these estimates.

Above all, these �ndings will inform a new clinical policy regarding priorities for future research. Cost-
effectiveness analysis is a useful tool for assisting in decision-making regarding the allocation of
resources for the appropriate treatment of surgical patients.

Conclusions
Perioperative hemodynamic optimization therapy is cost effective and indicated in high-risk surgical
patients with high chances of developing postoperative complications, reducing the burden on the
Brazilian public health system.

Abbreviations
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Table 1. Selected studies and the technology used for hemodynamic monitoring.
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Author-year
(ref) 

Objective Technology

Bonazzi et
al.,
2002 [33]

Evaluation of the impact of hemodynamic optimization using a pulmonary artery
catheter on the outcome of patients undergoing vascular surgery.

Pulmonary artery
catheter

Venn et al.,
2002 [34]

Evaluation of hemodynamic optimization therapy in patients undergoing hip
surgery.

Transesophageal
Doppler

Conway et
al.,
2002 [35]

Randomized study to evaluate the influence of fluid titration using transesophageal
Doppler during intestinal surgeries.

Transesophageal
Doppler

Gan et al.,
2002 [36] 

Evaluation of the impact of hemodynamic optimization therapy on the reduced
hospital stay after major surgeries.

Transesophageal
Doppler

Sandham et
al.,
2003 [37]

Randomized study evaluating the use of pulmonary artery catheters in high-risk
surgical patients.

Pulmonary artery
catheter

Wakeling et
al.,
2005 [38]

Evaluation of transesophageal echocardiography-guided hemodynamic optimization
therapy for the reduced hospital stay during the postoperative period of major
abdominal surgeries.

Transesophageal
Doppler

Pearse et
al.,
2005 [39]

Evaluation of the use of GDT in highly complex surgeries to reduce perioperative
complications and the length of hospital stay.

LiDCO monitoring
system

Lobo et al.,
2006 [40]

Investigation of the effects of the optimization of oxygen delivery in elective
surgeries for high-risk patients.

Pulmonary artery
catheter

Noblett et
al.,
2006 [41]

Evaluation of transesophageal echocardiography-guided hemodynamic optimization
therapy in terms of the outcomes of patients undergoing colectomy.

Transesophageal
Doppler

Harten et
al.,
2008 [42]

Randomized study evaluating the effect of hemodynamic optimization on renal
function in patients undergoing emergency laparotomy.

FloTrac Vigileo
system

Kapoor et
al.,
2008 [43]

Evaluation of GDT in patients undergoing moderate- to high-risk cardiac surgery. FloTrac Vigileo
system

Mayer et
al.,
2010 [44]

Evaluation of GDT based on the monitoring of the blood pressure wave in high-risk
surgical patients.

FloTrac Vigileo
system

Benes et al.,
2010 [45]

Evaluation of hemodynamic optimization by fluid loading based on data obtained by
Vigileo.

FloTrac Vigileo
system

Cecconi et
al.,
2011 [11]

Evaluation of hemodynamic optimization therapy for patients undergoing total hip
arthroplasty under regional anesthesia.

FloTrac Vigileo
system

Lobo et al.,
2011 [46]

Evaluation of restrictive or conventional strategies for crystalloid administration
during GDT in high-risk surgical patients.

LiDCO monitoring
system

Salzwedel et
al.,
2013 [47]

Randomized study evaluating GDT based on the variation in the radial arterial
pulse and the cardiac index and the effects of GDT on the postoperative
complications of major abdominal surgeries.

FloTrac Vigileo
system

van Beest et
al.,
2014 [48]

Evaluation of the effect of the tissue oxygenation optimization-based protocol on
perioperative complication rates.

FloTrac Vigileo
system

Pearse et Evaluation of the clinical effectiveness of the perioperative use of the cardiac LiDCO monitoring
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al.,
2014 [25]

output-guided hemodynamic therapy algorithm. system

Cannesson
et al.,
2015 [49]

Evaluation of the effects of the systematic implementation of GDT on the length of
hospital stay and the incidence of complications after high-risk abdominal
surgeries.

EV 1000 (Edwards
Lifesciences, Irvine,
CA, USA)

Kumar et
al.,
2015 [50]

Randomized study evaluating the impact of GDT on the cardiac index and O2
extraction rate in patients undergoing abdominal surgery.

FloTrac Vigileo
system

Calvo-
Vecino et
al.,
2018 [51] 

Randomized study evaluating the impact of GDT on the outcome in patients
undergoing major surgeries compared to controls.

Transesophageal
Doppler

GDT: goal-directed therapy, O2: oxygen

 

Table 2. Comparison of the variables analyzed in determining the costs of the intervention and standard therapy
groups.
Variables Number of studies involved (total

number of patients)
Intervention

group
Standard

therapy group
RR (95%

CI)
Intraoperative period        
 Use of vasoactive drugs  15 (N=4104) N=785

(19.1%)
N= 609 (14.8%) 1.24 (1.13-

1.37)
 Crystalloid fluids (mL); median
(min-max) 

17 (N=2681) 3000 (1000-
6713)

2558 (1286-
6200)

 

 Colloid fluids (mL); median (min-
max)  

18 (N=4393) 1188 (0-
2426)

817 (0-2236)  

 Blood products (mL); median (min-
max)  

15 (N=4420) 244.5 (0-
825)

267 (0-975)  

Complications (postoperative
period) 

21 (N=4872) 1017
(20.9%)

1350 (27.7%) 0.75 (0.70-
0.81)

 Infectious complications 17 (N=4530) N=384
(8.4%)

N=581 (12.8%) 0.66 (0.58-
0.74)

 Respiratory complications  19 (N=4655) N=160
(3.4%)

N=193 (4.1%) 0.82 (0.67-
1.02)

 Renal complications 19 (N=4655) N=108
(2.3%)

N=158 (3.4%) 0.68 (0.54-
0.87)

 Cardiovascular complications  21 (N=4872) N=365
(7.4%)

N=418 (8.5%) 0.87 (0.76-
0.99)

 Length of ICU stay (days); median
(min-max)  

14 (N=1637) 1.9 (0-5) 2.9 (0-5)  

 Mortality rate 20 (N=4712) N=125
(2.6%)

N=122 (2.5%) 1.02 (0.80-
1.31)

 Length of hospital stay
(days); median (min-max)  

20 (N=4852) 10 (5-20) 11 (6-20)  

RR: relative risk compared to the intervention group; CI: confidence interval; ICU: intensive care unit; N: total number
of patients; U: units.
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Table 3. Pattern of resource use by each patient treated with an intervention.
 Resource  Quantity Unit cost Weighted cost

Intraoperative period      
Monitoring of cardiac output (average of prices considering only one-time-use
disposable devices*)

1 R$1363.00 R$1363.00

Infusion of medications (risk of inotropes and vasopressors per patient) 1.24 R$ 34.50 R$42.78

Infusion of crystalloid fluids (per L) 3.0 L R$10.36 R$31.08

Infusion of colloid fluids (per L) 1.188 L R$90.00 R$106.92

Transfusions of blood products (per unit) 1.22 IU R$553.30 R$675.02

Subtotal - intraoperative period — — R$2,218.80-BRL
($505.14-USD)

Hospital stay      

Hospital daily rate 10 days R$310.00 R$3100.00

ICU daily rate 1.9 days R$1138.00 R$2162.20

Subtotal - hospital stay — — R$5,262.20-BRL
($1,198.02-USD)

Treatment of complications (based on the length of ICU stay)      

Infectious complications (treatment of sepsis) 1.9 days R$1868.00 R$3549.2

Respiratory complications (including mechanical ventilation) 1.9 days R$1202.35 R$2284.46

Renal complications (including days on dialysis) 1.9 days R$1449.42 R$2753.89

Cardiovascular complications (including visits during the 1st postoperative
period and the infusion of vasopressors)

1.9 days R$1252.70 R$2380.13

Subtotal - treatment of complications — — R$10,967.68-
BRL ($2,496.97-
USD)

Total - intervention — — R$18,448.68-
BRL ($4,200.14-
USD)

* One-time-use or disposable devices: catheters and probes acquired by the hospital in certain quantities; the debt is
borrowed by the hospital.

 

Table 4. Pattern of resource use by each patient treated with standard therapy.
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Resource  Quantity Unit cost Weighted cost  

Intraoperative period      
Monitoring of cardiac output  0 R$1363.00 0  

Infusions of medications (risk of inotropes and vasopressors per patient) 1 R$34.50 R$34.50  

Infusion of crystalloid fluids (per L) 2.558 L R$10.36 R$26.50  

Infusion of colloid fluids (per L) 0.817 L R$90.00 R$73.53  

Transfusions of blood products (per unit) 1.33 IU R$553.30 R$735.88  

Subtotal - intraoperative period — — R$870.41-BRL
($198.16-USD)

 

Hospital stay        

Hospital daily rate 11 days R$310.00 R$3410.00  

ICU daily rate 2.9 days R$1138.00 R$3300.2  

Subtotal - hospital stay — — R$6,710.20-BRL
($1,527.68-
USD)

 

Treatment of complications (based on the length of ICU stay)        

Infectious complications (treatment of sepsis) 2.9 days R$1868.00 R$5417.2  

Respiratory complications (including mechanical ventilation) 2.9 days R$1202.35 R$3486.81  

Renal complications (including dialysis) 2.9 days R$1449.42 R$4203.31  

Cardiovascular complications (including visits during the 1st postoperative
period and the infusion of vasopressors)

2.9 days R$1252.70 R$3632.83  

Subtotal - treatment of complications — — R$16,740.15-
BRL ($3,811.16-
USD) 

 

Total - standard therapy — — R$24,320.76-
BRL ($5,537.00-
USD)

 

 

Figures
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Figure 1

Flow Diagram. PRISMA diagram showing the inclusion and exclusion processes used for the literature
search and review.
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Figure 2

Summary of Risk of Bias Assessment. (A) Risk of bias summary for each included study. (B) Summary of
domains for risk of bias assessment of the included studies.
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Figure 3

Forest Plot for Mortality in the Intervention and Control Groups.

Figure 4

Forest Plot of Complications in the ICU; Comparison Between the Intervention and Control Groups. A -
infectious; B - respiratory; C - renal; D - cardiovascular.
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Figure 5

Incremental Cost-Effectiveness Ratio (ICER) per Patient Based on Complications. (Brazilian Reais. R$)
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Figure 6

Comparison of ICU Stay-Related Costs per 1000 Patients in the Intervention and Control Groups.
(Brazilian Reais. R$)
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Figure 7

Comparison of Complication-Associated Costs per 1000 Patients in the Intervention and Control Groups.
(Brazilian Reais. R$)
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