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ABSTRACT

This descriptive observational study included 60 subjects with brain neoplasms scheduled for surgical resection. They were consecutively
sampled to evaluate the global function of hemostasis using static and dynamic tests to establish the relationship between the diagnosed
coagulation profiles and intraoperative and postoperative outcomes. To define the relationship between variables, Pearson and/or Spearman
correlation analysis, t-test or biserial point correlation test, chi-square test, Cramer’s V test, or Mann-Whitney U test were applied according
to the type of variables to be correlated. From the present study, it can be concluded that although thromboelastography (TEG) as a dynamic
coagulation test has been shown to be an effective method for assessing coagulation status, no relationship was observed between coagulation
patterns obtained from thromboelastography and perioperative outcomes such as hospital stay, intensive care unit stay, and mortality. However,
TEG was more efficient in identifying altered states of the coagulation profile compared to what was observed with static coagulation tests,
suggesting that the performance of hematologic screening in patients taken to brain tumor resection could be optimized with viscoelastic
testing should this resource be available.

Keywords: Blood coagulation disorders, blood coagulation tests, thrombelastography, brain neoplasms, postoperative complications.

RESUMEN

Se planted un estudio descriptivo en el que se incluyeron 60 sujetos con neoplasias cerebrales programados para reseccion quirtrgica, a los
que se les realizd un muestreo consecutivo con el fin de evaluar la funcién global de la hemostasia mediante pruebas estaticas y dindmicas,
para establecer la relacién entre los perfiles de coagulacién diagnosticados y los desenlaces intra y posoperatorios. Para definir la relacién
entre variables se aplico el analisis de correlacion de Pearson y/o Spearman, pruebas t-test o test de correlacion de punto biserial, prueba Chi-
cuadrado o la prueba V de Cramer o prueba U de Mann - Whitney segun el tipo de variables a correlacionar. A partir del presente estudio se
puede concluir que aunque se ha demostrado que la tromboelastografia como prueba dindmica de la coagulacién es un método eficaz para
evaluar el estado de la coagulacién, no se observé una relacién entre los patrones de coagulacién obtenidos a partir del tromboelastograma
y los resultados perioperatorios como la estancia hospitalaria, la estancia en la unidad de cuidados intensivos y la mortalidad. Adicionalmente,
la tromboelastografia fue mas eficiente para identificar estados alterados del perfil de la coagulacion en comparaciéon con lo observado en
las pruebas estéticas de la coagulacion, lo que sugiere que el desempefio del tamizaje hematoldgico en los pacientes llevados a reseccion de
tumores cerebrales se podria optimizar con pruebas viscoeldsticas en caso de tener este recurso disponible.
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Introduction

cording to the World Health Organization (WHO), in

2020, almost 10 million deaths were attributed to this
disease. In Colombia, this disease is considered a public health
problem because it generates an economic burden represented
by the lack of productivity, the costs involved in treatment, the
impact on the quality of life of survivors, and the years lost as a
result of premature deaths[1],[2]. According to Globocan data
in Colombia in the year 2020, central nervous system cancer
occupies the 16th place corresponding to 1.7% of all new can-
cer cases reported; however, it occupies the 11th place in terms
of mortality with 1,636 cases of the total number of cases in
Colombia[3]. Brain tumors of primary origin, whether benign or
malignant, are mainly classified according to histopathological
criteria updated by the WHO as astrocytoma, ependymoma,
meningioma, and embryonal brain tumors that are usually pres-
ent in the pediatric population, such as medulloblastoma and
supratentorial primitive neuroectodermal tumors[4]. Chronic
activation of the coagulation system by producing intratumor-
al vasoocclusive thrombosis, contributing to hypoxia, necrosis,
and angiogenesis, has been described in several cases of brain
neoplasms. An example is glioblastoma multiforme (grade IV
glioma), which has a highly infiltrative growth pattern and is
associated with spontaneous or iatrogenic bleeding and the
emission of procoagulant agents[4].

Surgical resection is the mainstay for the treatment of ne-
oplasms of the central nervous system; however, these proce-
dures are often complicated by disorders of the coagulation
system, which can be secondary to intratumoral hemorrhages,
perioperative thromboembolic complications, or coagulopa-
thies, whether congenital or induced by chronic use of drugs
such as antiplatelet agents, anticoagulants, or certain naturo-
pathic drugs[5]. Thrombosis is a serious postsurgical complica-
tion, especially in patients with brain tumors, such as gliomas or
malignant tumors, who present a high risk of thromboembolic
complications. The incidence of deep vein thrombosis in these
patients varies between 10.3% and 21.3%, and increases in
cases of malignant gliomas, where it can reach between 16.1%
and 33.3%. In addition, an incidence of pulmonary embolism
between 0.5% and 1.5% has been reported, as well as pe-
rioperative cerebral ischemia ranging from 27.7% to 50%][6]
The main risk factors include advanced age, prolonged surgery
time, pre-existing coagulation disorders, and intraoperative
bleeding[6]. These coagulation system complications are as-
sociated with significant mortality and decreased survival[7].
Therefore, early identification of the population with risk fac-
tors, history, and clinical symptoms suggestive of underlying
coagulopathies is crucial, as well as early diagnosis through a
complete evaluation of the hemostatic profile, which will allow
adequate guidance for therapeutic decisions[8].

Viscoelastic coagulation tests are nowadays categorized as
dynamic tools implemented to better understand the causes
of bleeding, to evaluate hypocoagulable and hypercoagulable
states, to guide transfusion therapies and to predict the risk
of bleeding during anesthetic or surgical procedures[9],[10],
reasons that fill us with reasons to want to implement these
tests in patients with brain tumors who are scheduled for sur-
gical resection. The aim of the present study was to identify
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preoperative coagulation disorders using dynamic coagulation
tests and their potential association with the development of
thromboembolic or hemorrhagic complications in the periop-
erative period, and to compare them with static coagulation
tests. Additionally, with the development of the present study,
we characterized the types of brain neoplasms experienced by
patients attending a fourth-level Colombian hospital.

Methods

Study design

This descriptive observational prospective cohort study
aimed to evaluate the coagulation profiles of adult patients
with brain neoplasms scheduled for surgical resection at a
fourth-level hospital in Colombia. The protocol was approved
by the Research Ethics Committee of Fundacion Santa Fe de Bo-
gota Hospital in accordance with established ethical principles
and current regulations. The sampling was consecutive, select-
ing patients who met all the inclusion criteria, which consisted
of men and women over 18 years of age with benign or ma-
lignant neoplastic brain pathology scheduled for surgical resec-
tion between March 2023 and March 2024. Exclusion criteria
were history of coagulation disorders or hematologic diseases,
hepatic or renal diseases, use of homeopathic, anticoagulant,
or antiplatelet drugs, and pregnancy.

Sample collection was carried out by members of the re-
search team, who conducted an exhaustive review of the clini-
cal histories of the selected patients. The information collected
was recorded electronically on the RedCap platform, ensuring
confidentiality of the data and compliance with the recommen-
dations of the institution’s Corporate Research Ethics Commit-
tee. Regarding the anesthetic intervention, all patients were
managed by the treating anesthesiologist under a standardized
technique of total intravenous anesthesia, which included the
use of Propofol, Remifentanil, Lidocaine, Dexmedetomidine, as
well as basic ASA monitoring. Intraoperative monitoring includ-
ed arterial line, central venous pressure, and Bispectral Index
(BIS) according to the clinical guidelines established for this type
of procedure.

Outcomes

The primary outcomes evaluated were estimated intraoper-
ative bleeding, blood product transfusion volume, reoperation
for postoperative bleeding, and thromboembolic complications
as additional clinical diagnoses recorded in the clinical histo-
ry (deep vein thrombosis, pulmonary thromboembolism, and
acute myocardial infarction). Secondary outcomes were 30-day
mortality, days of intensive care unit stay, and hospitalization.

Statistical analysis

Descriptive analysis of the data was performed using meas-
ures of central tendency according to the distribution of the
variables. Means and standard deviations were used for varia-
bles with normal distribution (Figure 1), and medians with in-
terquartile ranges (IQR) were used for variables that were not
normally distributed. Normality was assessed using the Shap-
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Figure 1. Flowchart of sample distribution.

iro-Wilk test. The differences between quantitative variables
were assessed using the Mann-Whitney U test and unpaired
t-test according to their distribution. The Chi-square test was
used to evaluate the independence of the qualitative variables.
Pearson and Spearman correlation coefficients were applied to
determine the association between two variables, according to
their distribution and nature. All statistical analyses were per-
formed using STATA SE v. 17.0.

Laboratory tests

Patients were required to have a blood count and coagula-
tion time at the time of the pre-anesthetic assessment. All pa-
tients had a sample of 2 mL of whole blood taken at the time of
cannulation of the arterial line for thromboelastography (TEG)
and fibrinogen after anesthetic induction and always before
starting surgery. Patients were classified according to the coag-
ulability index of the thromboelastogram (as recommended by
the manufacturer of the TEG 5000 equipment) into a normal
coagulation profile (Cl -3 to 3), hypocoagulable profile (Cl < -3),
and hypercoagulable profile (Cl > 3). Regarding static coagula-
tion tests, fibrinogen level was considered normal in the range
established by the institution’s laboratory at 200-400 mg/dL.
Platelets were considered to have normal parameters, between
150,000 and 400,000. Coagulation times were considered ab-
normal when they were 1.5 times the daily institutional labo-
ratory control value or an INR > 1.5. Intraoperative bleeding,
the amount in milliliters of packed red blood cells administered
(300 mL per unit), fresh frozen plasma (150 mL per unit), apher-
esis platelets (200 mL per unit) and cryoprecipitates (15 mL per
unit) were also recorded.
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Results

Sixty patients were enrolled between March 2023 and
March 2024, of which 3 (5%) were excluded because they did
not have all the static coagulation tests, leaving a total of 57
patients. The demographic and clinical characteristics of patients
are shown in Table 1. Demographic data: Patient ages ranged
from 19 to 80 years, with a mean age of 48.63 years and stand-
ard deviation of 15.28. The included sample is 57.89% female
and 42.11% male, with body mass index with a median of
24.82 (RIQ 22.85 - 26.13) Histopathology: 50.88% were benign
brain tumors and 49.12% were malignant. The most frequent
lesions were meningiomas (33.33%), followed by pituitary tu-
mors (29.8%), glioblastomas (17.54%), astrocytomas (5.25%),
ependymomas (1.75%), and embryonal tumors (1.75%). The
remaining 10.53% corresponded to other types of tumors, in-
cluding vestibular schwannomas and brain metastases.

Hematologic information

The blood groups were O 66.67%, A 29.82%, B 1.75%,
and AB 1.75%. Rh-positivity was found in 96.49% of pa-
tients and negative in 3.51% of patients. O + blood type
was 66.67%, followed by A + 30.91%, B + 1.82% and AB
+ 1.82%. Variations in static coagulation tests were found in
28.07% of the samples, mostly corresponding to the alteration
of fibrinogen value. Patients with normal coagulation profile
had a mean fibrinogen of 257.13 milligrams/deciliter, those
with hypercoagulable profile had a mean of 288.72 milligrams/
deciliter and those with hypocoagulable profile had a mean of
284.33 milligrams/deciliter. The thromboelastogram used as a
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Table 1. Characterization of the study population

Variable Measure of central tendency Dispersion measures
Age 48.63 years ¥ 15.28 §
Sex

Masculine, n (%) 24 (42.11) -
Feminine, n (%) 33 (57.89) -
Weight 68.66 kg ¥ 10.36 §
Size 166.08 cm ¥ 8.89 §
Tumor type

Benign 50.88 §
Malignant 49.12 §
Histology

Astrocytoma n (%) 3 (5.26) -
Ependymoma n (%) 1(1.75) -
Meningioma n (%) 19 (33.33) -
Embryonal tumors n (%) 1(1.75) -
Glioblastoma n (%) 10 (17.54) -
Pituitary n (%) 17 (29.82) -
Other n (%) 6 (10.53) -
Midline deviation

<5 mm, n (%) 40 (29.82) =
>5mm, n (%) 17 (70.18) -
BMI 24.5 kg/m?q| 22.8-26.3 +

¥: media; 1: median; §: Standard deviation (SD); +: Interquartile range (IQR).

dynamic coagulation test was normal in 56.14% (32 subjects)
and altered in 43.86% (25 subjects): 38.60% with a hyperco-
agulable profile (22 subjects) and 5.26% with a hypocoagula-
ble profile (3 subjects). When thromboelastogram alterations
were evaluated according to sex, an alteration was found in
29.17% of men (7/24), whereas 70.83% were normal (14/24).
Regarding females, 54.55% had alterations in the thromboe-
lastogram (18/33), and 45.45% did not (15/33). It was found
that 29.17% of men and 54.55% of women had some type of
alteration in the thromboelastogram.

There was a higher prevalence of initial TEG alterations in
females (54.55%) than in males (29.17%); however, this differ-
ence was not statistically significant (P = 0.057). Regarding the
alteration of the static and dynamic coagulation tests, 8.77%
of the patients (5/57) presented alterations in both tests, while
28.07% (16/57) had alterations only in the static tests. The data
from the static and dynamic tests are presented in Table 2. In-
traoperative variables: Median surgical bleeding was found to
be 200 ml (RIQ 100-400 ml). However, the range of bleeding
was quite wide, being found in the lowest percentile 30 mL and
99th percentile (2,500 mL); the latter during the resection of a
vestibular schwannoma. Benign lesions showed a higher me-
dian bleeding volume than malignant lesions (455 mL vs. 293
mL); this difference was not statistically significant. There was
a trend for higher bleeding in hypercoagulable patients than in
hypocoagulable patients (440 mL vs. 333 mL) or those with a
normal coagulation profile (336 mL), as illustrated in Table 3.

The requirement for transfusion of packed red blood cells in
the sample was 10.52% (6 subjects). Only 1.75% (1 subject) re-
quired fresh frozen plasma and platelets. Data for each outcome
are presented in Table 2. Postoperative outcomes: During the 30-
day follow-up of patients after brain tumor resection, 7.02% of
the subjects required reintervention. The mean number of days
of intensive care unit (ICU) stay was 3.26 and the mean number
of days of hospital stay was 4.82 days. Patients with a normal
coagulation profile had a mean ICU stay of 3.03 days, hyper-
coagulable patients had a higher mean of 3.72 days, and those
with a hypocoagulable profile had the lowest mean number of
days in the unit, 2.33 days. Therefore, no significant difference
in the ICU length of stay was found. Only one patient (1.75%), a
45-year-old female with a pituitary adenoma, with no alteration
in the coagulation profile, died during the follow-up period fol-
lowing the need for surgical reintervention. None of the patients
presented with thrombotic complications during the follow-up.
No patient presented with acute myocardial infarction or trans-
fusion requirements during monitoring in the intensive care unit.

Bivariate analysis was performed, taking the alteration in
the patients’ coagulation profile as an outcome.

Discussion

With the development of the present study, we obtained
the first characterization of the type of brain neoplasm experi-
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Table 2. Static and dynamic coagulation tests and intraoperative and postoperative outcomes in the population

Variable Median Standard deviation
Static tests

Hemoglobin 14.08 1.82
Platelets 274.491.2 66001.66
Fibrinogen 270.75 104.79
Partial thromboplastin time (PTT) 27.66 3.23
TTP control 26.91 1.26
Prothrombin time (PT) 11.24 1.61
PT Control 11.00 0.51
INR 1.00 0.08
Alteration of static tests

Yes n (%) 16 (28.07) -
No n (%) 41 (71.93) -
Initial TEG

R 4.68 3.25
K 1.85 1.03
Alpha angle 62.53 12.39
MA 68.25 7.05
G 11.53 3.75
LY30 0.24 1.21
IC 1.66 3.19
Alteration TEG

Yes n (%) 24 (43.86) -
No n (%) 32 (56.14) -
Transfusion of hemocomponents

Red blood cells 658 mL 284.01
Cryoprecipitates - -
Fresh frozen plasma 600 mL -
Platelets 250 mL -
Reintervention

Yes n (%) 4 (7.02) -
No n (%) 53 (92.98) -
Death within 30 days

Yes n (%) 1(1.75) -
No n (%) 56 (98.25) -
UCI stay 3.26 dias 2.09
Hospital stay 4.82 dias 3.07
Thromboembolic complications

Yes n (%) 0 (0) -
No n (%) 57 (100) -
Surgical bleeding 200 mL 1 100 - 400 =

9: mediana; +: Interquartile range (IQR).

enced by patients treated in a fourth-level Colombian hospital. and glioblastomas. In oncological patients, there is a hyperco-
Most of the subjects had benign tumors, with meningiomas agulable or prothrombotic state secondary to the capacity of
being the most frequent lesions, followed by pituitary tumors tumor cells to activate the coagulation system, which leads to a
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Table 3. Characterization of the population according to coagulation profile

Variable Hypocoagulable profile
Age (years) 63
Sex (n)

Feminine 2
Masculine 1
UCI stay (days) ¥ 2.33
Hospital stay (days) ¥ 3.66
Initial TEG ¥

R 14.13
K 4.5
Alpha angle 39.16
MA 64.1
G 9.2
LY30 0.0
IC -7.86
Fibrinogen ¥ 284.33
Bleeding (mL) 1 333.33
Histology

Astrocytoma

Ependymoma

Meningioma 1
Embryonal tumors 0
Glioblastoma 1
Pituitary 1
Other 0

Normal profile Hypercoagulable profile

44.5 48
15 16
17 6

3.03 3.72

4.56 5.36

4.95 3.00

1.99 1.29

62.16 66.25

65.46 72.88

9.99 14.10

0.09 0.5

0.85 414

257.13 288.72
336.25 439.54
2 1
1 0
1 6
0 1
7 2
8 8
2 4

¥: media, 1: median.

significant percentage of mortality and morbidity (up to 50 %)
in cancer patients[11],[12].

When comparing the coagulation profiles of the subjects
in our study with the data reported by Nates and collabora-
tors[13], a greater alteration was found (56.14 % vs. 18%).
Hypercoagulable subjects had a higher prevalence (36.60%
vs. 9%); however, in the hypocoagulable group, the incidence
was lower (5.26% vs. 9%). The proportion of alterations in the
coagulation profile found in our study was higher than that
reported by Nates et al., in 2007[13]. This indicates different
demographics with discordant patterns of perioperative coagu-
lation disorders between the two populations.

The main malignant tumor characterized in our study was
glioblastoma multiforme, which chronically activates the coag-
ulation system, producing intratumoral thrombosis by the emis-
sion of procoagulant agents, and is also associated with spon-
taneous or iatrogenic bleeding[4]; therefore, malignant brain
tumors are expected to bleed to a greater extent. In particular,
the results of this study do not support this hypothesis because
subjects with benign tumors bled more than those with malig-
nant tumors.

Traditionally, perioperative patients are evaluated using
static coagulation tests that monitor both the extrinsic and in-

trinsic pathways of the coagulation cascade, fibrinogen activity,
and platelet count. However, TEG, which is part of the dynamic
viscoelastic coagulation test and measures the coagulation pro-
cess in real time by clot development, allowing early detection
of hemostatic disorders[14], is not frequently used in the neu-
rosurgical patient setting.

According to the results obtained, there was no concord-
ance between the static tests and the initial thromboelasto-
gram; thus, the performance of the hematological screening
could be optimized with viscoelastic tests to the extent that this
type of resource is available, since it detected 25 alterations in
57 subjects, while the static tests detected only 16 of these 25
altered subjects in the thromboelastogram.

Patients with a hypocoagulable-type coagulation profile
were expected to have lower fibrinogen levels than patients
who were hypercoagulable because this protein is associated
with blood clot formation[15]; however, patients with alter-
ations in the initial hypocoagulable-type coagulation profile
were found to have higher fibrinogen levels than patients who
were hypercoagulable or had a normal coagulation profile.

Patients with a hypocoagulable-type coagulation profile
are expected to have higher intraoperative bleeding than those
with a hypercoagulable profile and are not on disseminated in-
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travascular coagulation. However, it is relevant to mention that
in our study, subjects with hypercoagulable coagulation profiles
bled to a greater extent than those with hypocoagulable pro-
files. In relation to ICU stay during the immediate postoperative
period, our results agree with those reported by the Colombi-
an Association of Critical Medicine and Intensive Care in 2023
(3.26 VS 3 vs. 4 days)[16].

One of the main strengths of the present study is that, to
date, this is the first report of coagulation alterations in patients
undergoing surgical resection of brain tumors with histopatho-
logical characterization of intracranial neoplasms associated
with their main outcomes in the first postoperative month.
Additionally, patients undergoing brain tumor resection were
managed according to standardized management. One of the
limitations is the sample size, since the number of patients in-
cluded in the present cohort, in contrast to the specificity of
the population and the low prevalence of the outcomes, could
mean that, in many cases, the absence of statistical significance
may be due to a lack of power.

From the present study, it can be concluded that although
TEG as a dynamic coagulation test has been shown to be an
effective method for assessing coagulation status in multiple
types of patients, including neurological patients, no relation-
ship was observed between coagulation patterns obtained
from the thromboelastogram and perioperative outcomes,
such as hospital stay, intensive care unit stay, and mortality. In
addition, TEG was more efficient in identifying altered states of
the coagulation profile compared to static coagulation testing,
confirming that, in centers where viscoelastic testing is avail-
able, patients would benefit more from this type of dynamic
testing preoperatively than from routine static coagulation test-
ing, and we found that the proportion of women undergoing
surgical resection of brain tumors with coagulation abnormal-
ities measured by TEG was higher than that of men. Although
this was not a statistically significant difference, it may generate
associated clinical hypotheses.

Patients undergoing resection of benign brain tumors
whose coagulation profile classifies them as hypercoagulable
present with greater intraoperative bleeding, which is why ad-
ditional measures should be taken in this type of patient, such
as having a reserve of hemocomponents or blood-saving strat-
egies.
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