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Abstract

Cardiac surgery has postoperative complications of varying severities. Knowing the predictors of such complications
can minimize risks and increase patient survival. However, studies address postoperative complications without any
standardization of predictors of such complications. The objective of this study was to evaluate the association of
hematological and biochemical parameters in the pre- and postoperative period with general clinical complications and
those according to organ affected in the postoperative period of cardiac surgery. This is a cross-sectional, retrospective,
analytical and documentary study. Inclusion criteria: Elective myocardial revascularization surgeries and/or valve
replacements with a cardiopulmonary bypass from January to December 2017, in patients older than 18 years old,
survivors until hospital discharge. Incomplete medical records were excluded. Ethical research precepts were followed.
194 patients were included. Preoperative leukocyte alterations increased the chance of postoperative complications
by 8.24 times (p=0.039); high mean INR values in the first postoperative period were associated with complications
(p=0.036); changes in creatinine (p=0.020) and INR (p=0.002) in the first and second postoperative period were
associated with complications, in addition to changes in hemoglobin associated with cardiac complications on the
third postoperative day (p<0.001). There was an association between: leukocyte alteration prior to surgery and total
postoperative complications; postoperative hematological and biochemical changes and complications in general and
by affected organ. These results can support the development of risk indicators. This also indicates the need to improve
monitoring of leukocyte levels, INR, hemoglobin, and creatinine, perceived as predictors of surgical complications.
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INTRODUCTION

conventional non-pulsatile cardiopulmonary
bypass (CPB) technique®. However, they

Contemporary lifestyle habits, associated
with increased life expectancy, increase the

occurrence of cardiovascular diseases’. In Brazil,
in 2018, 1,309,774 people were diagnosed
with diseases of the circulatory system2.
Surgery is a therapeutic modality, and some
of the most frequently performed procedures
are myocardial revascularization (MRS) and
the correction of valvular diseases, using the

DOI: 10.15343/0104-7809.202246209220

cause complex pathophysiological conditions?,
with important organic repercussions, clinical
instability, with subsequent manifestations
of severe complications in the postoperative
period and of different causes®.
Some  studies  address
complications®’,  however,

postoperative
there is no
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standardization  regarding  predictors  of
such complications. There is also a lack of
studies on hematological and biochemical
parameters for predicting surgical outcomes,
since some publications use mortality as
the main outcome, without considering the
importance of other complications®, regardless
of complexity, as well as their association with
factors prior to the surgical procedure®”®,
These factors make it possible to establish care
according to the predictability of postoperative
complications®'*'", Therefore, controversies in
relation to studies that address the theme are
perceived.

Furthermore, knowing the predictors of
complications in patients undergoing cardiac
surgery is necessary to reduce risks and
improve survival. Among these, hematological
and biochemical alterations that have not yet
triggered diseases stand out, whose levels are
evaluated according to clinical history in the

METHODS

This is a cross-sectional, retrospective,
analytical and documentary study, based on
the analysis of data contained in the medical
records of patients undergoing cardiac
surgery. The study was carried out at a Level
IV General Hospital in the Northwest Region
of the state of Rio Grande do Sul, Brazil. The
Ethics and Research Committee of the Regional
University of the Northwest of the State of
Rio Grande do Sul - UNIUI, approved this
study, according to opinion No. 1.983.681.
The study flowchart with the description of
the inclusion and exclusion criteria are shown
in figure 1.

The variables considered in the patients'
profiles were age, sex, and cardiovascular
risk factors: systemic arterial hypertension,
dyslipidemia, diabetes mellitus, smoking,
alcohol consumption, sedentary lifestyle,
history of acute myocardial infarction, family

preoperative routine®, with the intention of
obtaining information from the patient prior to
the procedure’.

Due to the accuracy of hematological and
biochemical tests, their reproducibility and
applicability for clinical monitoring, it is possible
to infer that their measurement contributes to
the identification of potential complications?,
individually predicting the necessary care
needed for the surgical patient, in order to
develop preventive strategies'*'".

Thus, it is assumed that hematological and
biochemical alterations, both prior to and in
the trans- and postoperative periods, contribute
to the manifestation of clinical complications.
This study aimed to evaluate the association of
hematological and biochemical parameters in
the pre- and postoperative period with general
clinical complications and those according to
organ affected in the postoperative period of
cardiac surgery.

history of arterial disease, and surgical
history.

The study factors were hematological
and biochemical variables measured in
different periods, including: preoperative
period, collected within 15 days prior to the
surgical procedure, in different laboratories
according to the patient's choice and in the
postoperative periods measured according
to evaluation and individual clinical criteria
in the immediate postoperative period
(IPO), first postoperative day (1PO),
second postoperative day (2PO), and third
postoperative day (3PO), which are times
where there was a higher percentage of
examinations. The following variables
were analyzed: hematological variables
- hematocrit, hemoglobin, leukocytes,
platelets, prothrombin time (PT), and
international normalization ratio (INR); and
the biochemical variable - creatinine. In the
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postoperative period, the glucose variable
was added, due to the relevance of the
measurement. Such exams were categorized
according to updated references in results:
adequate (normal levels), high (levels above

normality standards) and low (levels below
normality standards).

Thereference parameters of hematological
and biochemical tests are presented in Table
1.

Patients who underwent cardiac surgery from
January to December 2017 (n=259)

CABG (n=109) HVR (n=72) CABG+HVR (n=13)

P | | |
] Abover 18 years || Elective surgeries ECC use
2 old (n=259) (n=226) (n=204)
S [
TZ Survived until hospital
- discharge |(n=199}
- CABG (n=111) ‘ HVR (n=75, ‘ CABG+HVR (n=13)
fli)
% Medical records without the necessary data to
(é analysis outcomes CABG (n=2) HVR (n=3)
2 Total (n=5)
-
2 Iy}
- Total evaluated medical record

Total (n=194)

Figure 1 - Flowchart of inclusion and exclusion of the medical records. ljui, (RS), Brazil, 2017.
MRS: myocardial revascularization surgery; HVR: heart valve replacement surgery; ECC: extracorporeal

circulation

Table 1 - Reference Parameters of Hematological and Biochemical Exams, used to evaluate the results of

patient exams. ljui, (RS), Brazil, 2017.

Hematological and Biochemical Exams

Reference Parameters

) Men 14 - 18 g/dL proposed by Azevedo'
Hematocrit
Women 12— 16 g/dL proposed by Azevedo'?
) Men 40 — 54% proposed by Azevedo™
Hemoglobin
Women 37 — 47% proposed by Azevedo'
Leukocytes 4,000 to 11,000/mm3 proposed by Azevedo'?
Platelets 150,000 to 450,000/mm3 proposed by Yun et. al."®
INR 0.8 to 1 proposed by Amaral et. al.™
Prothrombin time 10 to 15 seconds proposed by Pereira et. al. 15
Biochemical Variables
Creatinine 0.50 to 1.20 mg/dL proposed by Dusse et. al.s
Glucose 70 to 100 mg/dL proposed by the American Diabetes Association™

0 Mundo da Saude 2022,46:209-220, 11642021

Note: g/dL: gram per deciliter; mg/dL: milligrams per deciliter; mm3: cubic millimeter; INR: International Normalized Ratio.
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The study outcomes were postoperative
clinical complications at the hospital level,
subdivided according to the affected organ:
cardiac (acute myocardial infarction, low
cardiac output, vasoplegic syndrome, cardiac
arrhythmias, hypertensive crisis, pericarditis,
and cardiac tamponade); respiratory (acute
respiratory failure, atelectasis, pneumothorax,
pleural effusion, pulmonary embolism, and
pneumonia); renal (low urine output and
acute kidney failure); neurological (stroke and
confusional state); circulatory (continuous
bleeding with hemodynamic repercussion);
gastrointestinal (upper gastrointestinal bleeding,
perforation of gastroduodenal ulcer, mesenteric
ischemia, jaundice, and acute cholecystitis);
integumentary (operative wound with signs of
infection); and thermoregulation (hyperthermia).
They were also stratified in a generalized way
throughout the postoperative period, regardless
of the affected organ, described as general

RESULTS

There was a predominance of males (71.1%),
31.4% were smokers, and 2.6% were alcoholics.
Among the comorbidities, 30.4% had dyslipidemia,
88.7% hypertension, 30.4% diabetes, 41.8%
declared themselves to be sedentary, 28.9% have
had an acute myocardial infarction, 33.5% have
a family history of cardiovascular diseases, and
28.9% had already undergone previous surgeries.
The mean age was 62.6£9.9 years, a minimum
of 31 years and a maximum of 83 years, and the

0 Mundo da Saide 2022,46:209-220, e11642021

complications, as well as categorized between
the IPO and PO3 periods, shown in table 3.

Descriptive statistical procedures were used
for data analysis, such as: mean and standard
deviation for quantitative variables, and for
qualitative variables, absolute and relative
frequency were used. Data normality was tested
using the Kolmogorov-Smirnov test. To verify
the association between two or more qualitative
variables, Pearson's chi-squared hypothesis
test and Fischer's exact test were used. For
quantitative variables, a comparison of means
test was used, for parametric and independent
samples Student’s t-test was used, and to test
the homogeneity of variance Levene’s test was
applied. Odds Ratios (OR) were also calculated
to verify the association between hematological
and biochemical alterations prior to surgery and
the presentation of postoperative complications.
For all tests, a 5% level of significance was
considered.

mean length of stay was 6.12 £2.80 days.

In this study, an increase in leukocyte values
was observed, above the parameters, in tests
prior to surgical intervention, thus, increasing the
chance of having postoperative complications by
8.24 times, with a statistical significance (p=0.039)
(Table 2). The mean number of leukocytes in
the preoperative period was 7,226+2,496/mms3,
with a minimum of 1700/mm?3 and maximum of
18,000/mm3.
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Table 2 - Association between hematological and biochemical tests in the preoperative period and general
complications in the postoperative period of cardiac surgery (n=194), ljui (RS), Brazil, 2017.

Complications

N Yes (n/%) No (n/%) Sig.
Hemoglobin Adequate 49/51 47/49 0.521
Altered Higher 178 1125 3/75
Altered Lower 42/53.8 36/46.2
Hematocrit Adequate 36/51.4 34/48.6 0.996
Altered Higher 180 2/50 2/50
Altered Lower 55/51.9 51/48.1
Leukocytes Adequate 79/49.4 81/50.6 0.039
Altered Higher 173 9/90 1710
Altered Lower 2/66.7 1/33.3
Platelets Adequate 83/51.6 78/48.4 0.809
Altered Higher 177 2/66.7 1/33.3
Altered Lower 6/46.2 7/53.8
INR Adequate 58/48.7 61/51.3 0.786
Altered Higher 164 23/51.1 22/48.9
Altered Lower - -
PT Adequate 54/48.2 58/51.8 0.437
Altered Higher 130 5/50 5/50
Altered Lower 2/25 6/75
Creatinine Adequate 16/40 24160 0.090
Altered Higher 168 26/56.5 20/43.4
Altered Lower 46/56 36/44

Note: Pearson's Chi-squared test, with significance level <0.05%.

When associating the mean of altered
hematological and biochemical tests on 1PO
with the occurrence of general complications
during the postoperative period (Table 3), higher
mean values of INR (p= 0.036) were observed
among the patients who had complications, of
these 80.9% had higher levels of INR.

When associating the means of preoperative

hematological levels with 1PO, leukocytes
rise from 7.267£2.51/mm3 to 14.769%4.48/
mm? (p<0.001) and INR from 0.974+0.91
to 1.06+0.18 (p=0.263). Furthermore, a
decrease in hemoglobin from 13.07+1.77 g/
dL to 10.42+1.50 g/dL (p<0.001) as well as
in hematocrit from 39.530+5.07% to 31.224+
4.65% (p<0.001) was observed.

0 Mundo da Saide 2022,46:209-220, 11642021
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Table 3 - Association between the mean number of altered hematological and biochemical tests on the 1¢
PO and general complications in the cardiac postoperative period (n=194), ljui (RS), Brazil, 2017.

Altered exams Complications
N Mean Standard Deviation Sig.

Hemoglobin Yes 93 10.433 1.4999 0.166
No 93 10.372 1.5517

Hematocrit Yes 93 31.289 45711 0.561
No 93 31.082 4.7375

Leucocytes Yes 93 15.16559 4769115 0.189
No 93 14.32903 3.824679

Platelets Yes 93 164.93548 55.958992 0.864
No 93 163.58065 51.325119

INR Yes 91 1.3379 0.36896 0.036
No M 1.2367 0.37988

PT Yes 58 1.0819 0.22366 0.158
No 65 1.0383 0.09955

Creatinine Yes 42 169.62 58.134 0.910
No 38 168.34 40.376

Note: Student's t test, with significance level <0.05%.

The analysis between the association of
stratified biochemical and hematological tests
per day after the surgical procedure with
complications up to 3PO (Table 4) showed
statistical significance between complications
and changes in INR on 1PO (p=0.002) and on
2PO (p<0.001). TPO creatinine (p=0.020) was
also associated with complications, although
only 5.2% of patients had kidney damage and
in 66.66% creatinine values were adequate.

Mean creatinine values between the
preoperative period and the IPO showed a
declinefrom 1.239£0.268 mg/dLto 1.104+0.447
mg/dL (p<0.001). Between IPO and 1PO there
was an increase from 1.248+0.269 mg/dL to
1.285+0.370 mg/dL (p=0.052).

The INR displayed a different tendency:
minimum values were equal between IPO and

1PO (0.88); the mean decreased between the
periods from 1.12£0.141 to 1.05%+0.170; and
maximum values increased from 1.83 to 2.56.
Both parameters demonstrated a decrease in all
mean values from 2PO onwards.

As for the other biochemical and
hematological  tests, significant  changes
were observed, however, without statistical
significance. Glucose showed equal mean
values in IPO and 1PO, with an increase in
minimum and maximum levels. Leukocytes
showed higher mean, minimum and maximum
values at TPO compared to IPO. After 2PO,
there was a reduction in all mean levels, in
both glucose and PT. Moreover, hemoglobin,
hematocrit, platelets, and PT showed a decrease
in the average, maximum, and minimum values
starting from IPO.

0 Mundo da Saide 2022,46:209-220, e11642021
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Table 4 - Association of hematological and biochemical tests (IPO, 1PO, 2PO, and 3PO) and general

complications between IPO and 3PO of cardiac surgery (n=194), ljui (RS), Brazil, 2017.

Complications

IPO IPO 2P0 3P0
N (:ﬁ/i) (r:;:/’o) Sig. B (:/e'*/s.,) (r:;,) ST (:;Z) (r:;,) SITEE (:;/so) (r::‘;;) Sig.
H A 17/21.8  28/25 0855 121154 121111 0.391 0/0 00 0414 122 235 0581
,ﬁ H 190 1.3 1/0.9 186 - 174 103 - -
g L 60/76.9  83/74.1 66/84.6  96/88.9 72/100  102/100 45/97.8 55/96.5
H A 141179  25/22.3 0.775 2/2.6 413.7 0.504 - 0.585 12.2 11.8 0.696
IEI H 190 11.3 1/0.9 186 - 176 0/0 117 104 - -
? L 63/80.8  86/76.8 76/97.4  104/96.3 73/100 102/99 45/97.8 56/98.2
L A 22/32.4  31/29.5 0.693 18/23.1 19/176  0.355 25342  39/379  0.623 31/67.4 40/70.2  0.796
lEJ H 173 46/67.6  74/705 186 60/76.9  89/82.4 176 48/65.8  64/62.1 103 15/32.6 17/29.8
cC L . ) ] ) ) ) .
P A 53/77.9 80/76.2 0.713 54/69.2  69/63.9 0.610 30/41.10  40/38.8 0.679 20/43.48  20/35.11 0417
k H 173 0/0 11 186 5/6.4 11/10.2 176 - 103 0/0 11.74
T L 15/22.1 24/22.9 19244 28/25.9 43/58.90 63/61.2 26/56.52  36/63.15
I A 9/13.8 16/15.7 0.745 9/19.1 25/47.3  0.002 6/19.4 33/61.1  <0.001 4125 6/60 0.074
S H 167  56/86.2  86/84.3 1M 38/80.9  39/52.7 85 25/80.6  21/38.9 26 12/75 4/40
L - - - - - -
A 57/89.1 99/96.1 0.073 47/94 74/96.1 0.442 32/100 53/96.4  0.397 15/93.8 10/100 0.615
!F H 167 7/10.9 4/3.9 127 3/6 3/3.9 87 0/0 2/3.6 26 1/6.2 0/0
L - - - - - -
E A 6/7.9 9/8.3 0.929 37.7 0/0 0.111 3/16.7 9/42.9 0.077 2/22.2 6/40 0.279
| H 185  70/92.1  100/91.7 80 36/92.3 41/100 39 15833  12/57.1 19 6/66.7 5/33.3
g L - - - - 1111 4/26.7
cC A 53/746  79/76.3 0.670 29/38.2  59/55.7  0.020 42/59.2 69/69 0.184 23/53.05 36/64.3 0.278
E H 173 18/254  23/225 182 47/61.8  47/44.3 174 29/40.8 31/31 99 20/46.5 20/35.7
T L - - - - - -

Note: Student's t test and Fisher's exact test, with significance level <0.05%.

When  associating the changes in
hematological and biochemical tests stratified
by postoperative day and complications
according to the affected organ, there is
statistical significance between changes in
hemoglobin on IPO with cardiac complications
on 3PO (p<0.001).

Among the most frequent complications in
this study, the following stand out: respiratory

0 Mundo da Saide 2022,46:209-220, e11642021

complications in 36.1% of the patients, of these
54.3% were pleural effusion, 21.4% pleural
effusion and atelectasis, and 12.9% atelectasis,
followed by cardiac complications in 8.8%
of the patients, of which 70.6% had cardiac
arrhythmia, 17.6% had low cardiac output, and
5.9% had acute myocardial infarction. Of the
total number of cardiac complications, 2.2%
occurred on 3PO.
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DISCUSSION

Previous studies”'® state that the preoperative
evaluation predicts risks, which support decision-
making regarding the performance of the
procedure, stabilization of the clinical picture,
or even cancellation of the surgery, if the risk
exceeds the benefit. It also ensures adequate
postoperative evolution with reduced hospital
stay and the need for intensive care.

In this study, hematological and biochemical
parameters can be seen with small variations in
the normality rate in the preoperative period, a
fact that is in line with the assumptions of the
literature regarding the careful evaluation prior to
the surgical procedure, in order to minimize risks,
ensuring safety and therapeutic efficacy.

Leukocyte alterations, especially those above
normal levels, were associated with general
postoperative complications, as well as greater
chances of developing complications. Elevated
leukocyte count is considered a cardiovascular
risk marker', which plays an important role in
inflammatory diseases, such as coronary heart
disease, as it is related to the intensity of the
inflammatory response?’. This response is the
main driving force in the prolongation of the
pathological condition in cardiac events?' by
activating innate immune pathways, as well
as inflammatory leukocytes to carry out the
phagocytotic process in the surgical wound?.

The rise in the total leukocyte count occurred
until the first postoperative day, a fact that may
be associated with the inflammatory effects of
cardiopulmonary bypass, which include leukocyte
activation, especially in the first 24 hours after
surgery”. The inflammatory response, when
exacerbated, can cause several physiological
changes in different organs and systems?*.

A study developed with patients undergoing
cardiac surgery associated an increase in
preoperative total leukocytes with a higher
risk of arrhythmias?®; however, the data are

still insufficient to clarify the main mechanisms
involved in the elevation of leukocyte counts
prior to surgery and its potential as a predictor
of postoperative complications, as well as its
relationship with the manifestation of general
surgical complications.

Patients with complications resulting from the
surgical intervention showed higher mean INR
values on 1PQO, a behavior that was maintained
until 2PO. We also verified a mean reduction in
INR between IPO and T1PO, with a maximum
peak after 24 hours of surgical intervention
compared to the preoperative period.

The INR measures changes in the extrinsic
pathway of coagulation, indicated for laboratory
monitoring in oral anticoagulation therapy;
however, it is widely used in other populations
due to its reproducibility and low cost?®. There
is no evidence of the resolvability of monitoring
INR in cardiac surgery, given the complexity of
the surgical procedure?.

The ability to predict the risk of INR is
controversial, however high values may indicate
risk of bleeding/hemorrhage?®®. Several studies?*2°
relate changes in the coagulogram to bleeding
complications. There are no consistent reports in
the literature that assess the association of INR
changes with complications in other systems of
the human body. In this study, we observed an
association between manifesting postoperative
complications regardless of the affected organ
and increased mean INR values.

General complications in the postoperative
period are associated with activation of the
hemostatic system during cardiopulmonary
bypass, responsible for pro- and anticoagulant
activity, which suffer hereditary influences.
The levels of clotting proteins determine the
susceptibility of surgical complications. In the
conventional modality, despite the dilution and
hemodepression of static cells and proteins, there

0 Mundo da Saude 2022,46:209-220, 11642021
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is little effect on the generation of thrombin®,
which is the main agent of blood clotting that acts
at multiple points in the hemostatic process?'.

The elevation of this protein after reperfusion
may be related to myocardial ischemia-
reperfusion injury and impaired hemodynamic
recovery. Its basal level normalizes from hours
to days after the occurrence of this process®?32.
When observing the INR values on consecutive
postoperative days in our study, a contradictory
behavior was observed, with an increase in
maximum values up to 1PO and a reduction in
mean levels, associated with a decrease in the
total number of tests measured.

Creatinine was another altered biochemical
variable, which occurred on the 1% PO and
was associated with the presence of general
complications from IPO to 3PO. In our study,
this biochemical parameter showed a reduction
in mean values from the preoperative period to
IPO, and a subsequent increase on 1PO.

In contrast to our study, the elevation of
preoperative baseline creatinine level > 0.4
mg/dL is considered a risk factor for serious
complications®, its increase is estimated around
36 hours after the initial peak, with a subsequent
decline***.  However, subclinical changes
are also predictors of events that can trigger
kidney damage®. These data are in line with
the findings of this study, since, of the patients
who manifested kidney damage, most exhibited
adequate parameters.

Among the causes of creatinine alteration,
the following stand out: cardiopulmonary
bypass; non-pulsatile flow; nephrotoxic effects
of drugs used pre-, trans- and postoperatively?33°;
arterial hyper and hypotension, decompensated
congestive and ischemic heart failure;
cardiac arrest episodes; hypovolemia; and
thromboembolism?3®.

In the present study, due to the lack of
guidelines that provide guidance on the
measurement of hematological and biochemical
parameters in cardiac surgery, we evaluated the

tests performed by clinical indication for up to
72 hours. Due to the invasiveness of cardiac
surgery, such parameters change immediately
after the surgical intervention, which then
undergo a stabilization process through
homeostasis starting from 2PO?3. On the other
hand, the manifestation of clinical complications
can extend for a longer period, in order to verify
this time range, we associate hematological
and biochemical alterations with complications
during the postoperative period, as well as a
more restricted time from IPO to 3PO, with the
intention of verifying possible discrepancies.

Hemoglobin alterations at IPO showed a
significant association with cardiac complications
on 3PO. There is a relationship described in the
literature of changes in this parameter in the
preoperative period to the increased risk of
postoperative morbidity?, which indicates the
need for a careful assessment of preoperative
hemoglobin levels, in order to determine the
cancellation of the procedure or follow-up in the
periods after intervention. Among the causes
of reduced hemoglobin levels after surgery
are: bleeding (intra- and postoperatively) and
hemodilution caused by cardiopulmonary
bypass®’. Also, the decrease in hemoglobin is
related to a parallel increase in inflammatory
proteins, especially in acute myocardial infarction,
so itis possible to assume an association between
a decrease in hemoglobin and the inflammatory
response resulting from cardiac surgery?,
observed herein. The decline in this biochemical
parameter may be related to low cardiac
output syndrome?®, which justifies its significant
association with cardiac complications.

Studies®>* that evaluated the relationship
between changes in hematological parameters
and postoperative complications do not clarify
the reason for these associations but assume that
the altered indices reflect a subclinical chronic
inflammatory state.

By relating pre- and postoperative
hematological and biochemical tests to the

0 Mundo da Saide 2022,46:209-220, e11642021
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manifestation of clinical complicationsin elective
and surviving patients, this study contributes to
improve the literary gap regarding predictors
of postoperative complications. Among the
limitations of the study, we highlight that this
was a retrospective study, medical records were
used, this was unicentric, and there was lack
of a standardized description of postoperative
complications of cardiac surgery in the literature.

CONCLUSION

Among the main findings of this study, the
following stand out: 1) association between
leukocyte changes prior to surgical intervention
and complications; 2) association between
mean INR changes and complications; 3)
association of altered INR and creatinine tests
stratified by day after the surgical procedure
and complications from IPO to 3PO; 4)
association between changes in hemoglobin
and cardiac complications.

This study showed a probable association,
with strong evidence, between hematological
alterations, both pre- and postoperatively,
and biochemical alterations after surgical
intervention  with the manifestation of
complications. The results may support the

Furthermore, there was the lack of a protocol
for pre- and postoperative hematological and
biochemical tests according to the degree of
risk, with an established routine for collection
that not only contemplates measurement
criteria, but also considers potential drugs and
previous diseases interfering in the analyses.
Finally, there was a lack of follow-up in the late
postoperative period.

development of risk indicators for patients
of lesser clinical severity undergoing
coronary artery bypass graft surgery or valve
replacement with a conventional non-pulsatile
cardiopulmonary bypass technique.

We suggest improving the monitoring
of hematological and biochemical levels,
especially of leukocytes, hemoglobin, INR, and
creatinine, perceived according to our results
as predictors of postoperative complications.
However, it is not possible to say that such
associations meet the criteria of independent
predictors. Therefore, more studies are needed
on the subject in order to subsidize evidence, to
enable safe and effective care for heart surgery
patients.
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