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ABSTRACT

Purpose of the study. Development of a method for preventing hemorrhages during stereotactic biopsy of a brain tumor using
liquid hemostatic matrices on the example of the drug "Floseal®".

Patients and methods. The target of the biopsy is the most representative area of tumor tissue according to the data of various
modalities of MRI neuroimaging, including contrast-enhanced ones. Out of 133 patients, 60 patients with signs of intraoperative
bleeding along the biopsy needle cannula were included in the study group. Further, patients with signs of intraoperative bleed-
ing along the cannula of the biopsy needle were divided into 2 subgroups by independent sequential randomization. Control
subgroup (n = 45): cases with signs of intraoperative bleeding of varying severity were operated on, according to the standard
technique, without the use of the liquid hemostatic drug Floseal®. The main subgroup (n = 15): in case of intraoperative signs
of bleeding, the hemostatic fluid drug Floseal® was injected into the area of tumor material removal.

Results. In 6.7 % of patients of the control subgroup, the formation of massive intracerebral hemorrhages was noted in the
postoperative period. In 53.3 % of the observations of the control subgroup according to X-ray computer examinations of the
brain, there were signs of minor hemorrhages at the point of tumor material collection, which did not require repeated surgical
interventions. Postoperative hemorrhages after injection of the Floseal® liquid hemostatic matrix into the biopsy needle in the
study subgroup were not detected according to neuroimaging X-ray CT.

Conclusion. A method of hemostasis has been developed to prevent hemorrhages using liquid hemostatic matrices. If signs
of bleeding from the biopsy needle appeare, the introduction of a hemostatic matrix in the volume of 2 ml helps to manage
bleeding intraoperatively, as well as to prevent the occurrence of hemorrhage in the early postoperative period.
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3.1.6. OHKonorus, nyyeBas Tepanusi

OPUTUHAJIbHAA CTATbA

Wcnonb3oBaHue XMAKNX TeMOCTATUYECKNUX MATPUL, ANS NPeAYNpexaeHus KpoBonusnnaHui
MpY BbINOJHEHUM CTEPEOTAKCUYECKOW broncun onyxosei roNoBHOTO Mo3ra
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PE3IOME

Llenb uccnepoBanus. Paspa6oTka cnocoba npeaynpexaeHns KpoBOM3NUSHUA NPU BbINOJIHEHUU CTePeoTaKCUYECKOW
61OMCMU ONYXONM FOSIOBHOMO MO3ra C UCMOIb30BaHMEM XUAKMX reMOCTaTUYECKMX MaTpUL, Ha NpuMepe npenapara «Floseal®».
MauueHTbl U MeToabl. Lienb 6uoncum — Hanbonee penpeseHTaTMBHbIN Y4acTOK OMyXONIEBOM TKaHM MO AaHHbIM PasfiMyHbIX
MoganbHocTen MPT HellpoBuU3yanu3sauun, B TOM YUCHIE U C KOHTPACTHbIM YCUSTEHUEM.

M3 133 nauneHTOB B U3y4aeMyto rpynny BkatoYeHo 60 60/1bHbIX C MPpU3HaKaMW UHTPaonepaLnoHHOrO KPOBOTEYEHUS MO
KaHtosie 6MONCcuinHOM urnbl. Janee, METOAOM HE3aBUCUMOW NOC/IEA0BATENbHOW PaHAOMU3aLUN NaLUEHTbI C MPU3HaKaMu
MHTPaonepaLMoHHOIro KPOBOTEYEHUS MO KaHKoNe GUONCUIMHONM UMbl pa3fenieHbl Ha 2 noarpynnbl. KOHTponbHas nogrpynna
(n = 45): cnyyau ¢ NpM3HaKaMy UHTPaoNepPaLLMOHHOrO KPOBOTEYEHUS Pa3fIMUHOi CTEMEHMU BbIPaXKEHHOCTH, ONepUpoBaHbI
Nno cTaHAApPTHOWM MeToAVMKe, 6€3 UCNONb30BaHUSA XMUAKOro remocTaTnuyeckoro npenapata «Floseal®». OcHoBHasi noarpynna
(n = 15): Npn MHTpaonepaLMOHHbIX NPU3HaKax KPOBOTEUEHMUSI B 30HY M3bATUS OMNyXO/IeBOro MaTepumasna oCyLeCTBAANOCh
BBeAEHNE reMoCTaTM4ecKkoro Teky4yero npenapata «Floseal®».

Pesynbrathbl. Y 6,7 % nauneHTOB KOHTPOJIbHOM NOArPynbl B NOC/iieonepaLluoHHOM fnepuoge oTMeyeHo hopMupoBaHune
MaCCMWBHbIX BHYTPMMO3rOBbIX KPOBOU3NUSAHWI. B 53,3 % HabntofeHW KOHTPOMbHOM NOATPYMMbl MO AaHHbIM PeHTreH
KOMMbIOTEPHbIX UCCIef0BaHWI FOSIOBHOrO MO3ra UMENUCh NMPU3HaKM HE3HAYUTENbHbIX KPOBOU3NUAHWUIA B TOUKe 3a6opa
OnyXxoneBoro Matepuana, He Tpe6oBaBLUME MOBTOPHbIX ONEPaTUBHbIX BMeLLaTeNnbCTB. [ocneonepaUoHHble KPOBOU3USAHUS
nocsie BBeAEHUS B GBUONCUINHYIO Uy XXUIKOW reMocTaTudeckoin matpuubl «Floseal®» B ocHOBHOM noarpynne no AaHHbIM
PKT HelpoBuM3yanusauuu He BbIsiIBAEHbI.

3aksoueHue. PaspaboTaH cnocob remMocTasa Ans npeaynpexneHns KpoBOU3NUSHWIA C UCMONIb30BaAHUEM XUAKUX FreMocTa-
TUYeckmx MaTpuu,. MNpy NosiBNeHNM NPU3HAKOB KPOBOTEYEHMS U3 BUOMCUINHON UMbl BBELEHWE FeMOCTaTUYECKOM MaTpuLbl
B 06beMe 2 MJ1 CNoCcO6CTBYET OCTAHOBKE KPOBOTEYEHMSI MHTPaonepaLMoHHO, a TakXe NpoduiakTuke BOSHUKHOBEHUS
KPOBOMW3/NUSIHUSI B paHHEM MOCneonepaLMoHHOM rnepuoge.

KnioueBble cnosa: OnyxoJib royJOBHOro Mo3ra, ctepeoTakcn4yeckas 6uoncus, I'IpOd)VIJ'IaKTVIKa KpOBOTEYEeHUd, remopparu-
YeCKMe OCTOXXHEHUSI BUOMCUM FOJIOBHOIO MO3ra, KpoBOuU3nnaHue, remoctas
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Co6ntofieHue aTUYecKUx CTaHAapToB: B paboTe co6N0AanuUCh STUYECKUE NPUHLMMBI, NPeAbsBNsieMble XeNbCUHKCKOI Aeknapaumeit BcemupHoit
MeauumHckoii accoynaumuv (World Medical Association Declaration of Helsinki, 1964, peg. 2013). UccnegoBaue ogo6peHo KomuTeToM no
6uomepmuumMHeKon aTuke npn ®IrBY «HaunoHanbHbIi MeANLMHCKWIA UICCNeA0BaTENbCKMIA LEHTP OHKONOrMU» MUHUCTEpPCTBA 3 paBooXpaHeHust Poccuiickoii
®depepaumu (Bbinucka U3 npoTokona saceaanus N2 7 ot 08.08.2022 r.). MHdopMUpOBaHHOE COrnacue NoyyeHo OT BCEX YYaCTHUKOB UCCNeA0BaHusA
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INTRODUCTION

Currently, the stereotactic needle biopsy (STB) of
various grades brain tumors is performed in anatom-
ically inaccessible areas of the brain and when the
tumor is localized in functionally significant areas
of the brain [1-4].

Given the lack of visual intraoperative control of
the needle trajectory, a serious complication after
STB, is hemorrhage in biopsy material withdrawal
as well as along the path of access of the biopsy
needle, despite the intervention being minimally in-
vasive [5-9].

The purpose of the study was to develop a meth-
od for preventing hemorrhages during stereotactic
biopsy of a brain tumor using liquid hemostatic ma-
trices using the example of the drug "Floseal®".

PATIENTS AND METHODS

From 2014 to 2020 133 patients with brain tu-
mors were operated on using the method of fra-
meless needle stereotactic biopsy. Informed con-
sent for surgical intervention was obtained from
all participants of the study. In our observations,
tumor diseases manifested from 5 to 80 years. The
average age of the patients was 56 years. 57 % were
men and 43 % were women. 75.5 % were operated
on with single foci of brain damage, 10.5 % with
two foci. 14 % of patients had multiple unverified
CNS lesions.

Neoplasms in 28.3 % of cases were localized in
subcortical structures of the brain, in 18.3 % — in
various parts of the corpus callosum with bilateral
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distribution, in 53.4 % of cases in periventricular ar-
eas under functionally significant areas of the brain.

Neurological symptoms depended on the localiza-
tion of the lesion in the brain. Upon admission, the
functional status on the Karnovsky scale of 100-80
points was noted in 71.7 % of patients, 70—50 points
in 21.7 % of patients, and below 40 points was noted
in 6.6 % of cases. All patients underwent a compre-
hensive assessment of the hemostasis system in
the preoperative period.

The tissue sampling point was determined by
combining MRT T1 BRAVO with intravenous contrast
enhancement with data from DTI, 2D-TOF, 3D-TOF,
T2, ASL, SWAN modes. If necessary, in the Brain-
lab® or Medtronic StealthStation® S7® planning soft-
ware, the digital model was combined with DICOM
positron emission tomography (PET CT) data with
11%methionine. The trajectory of the biopsy needle
insertion was constructed taking into account the
data of tractography, with the localization of the
tumor in functionally significant areas of the brain
(Fig. 1).

The purpose of the biopsy is the most repre-
sentative area of tumor tissue according to var-
ious modalities of MRI neuroimaging, including
contrast enhancement. Surgical intervention was
performed under general anesthesia, according to
the operating regulations of manufacturers of sys-
tems for frameless stereotactic biopsy Brainlab® or
Medtronic StealthStation® S7® using biopsy needles
Biopsy Needle Kit (9733068) or Biopsy Needle Kit
Tip A (41778C).

Control computed tomography was performed
intraoperatively or within 24 hours after surgery.

Fig. 1. Planning the access trajectory
considering functionally significant areas
of the brain
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Out of 133 patients, the study group included 60
patients with signs of intraoperative bleeding through
the cannula of a biopsy needle (45.1 %). Further, by
the method of independent sequential randomiza-
tion, patients with signs of intraoperative bleeding
through the cannula of a biopsy needle were divided
into 2 subgroups.

Control subgroup (n = 45): cases with signs of
intraoperative bleeding of varying severity were op-
erated according to the standard procedure, without
the use of liquid hemostatic matrices.

The main subgroup (n = 15): with intraopera-
tive signs of bleeding, the hemostatic fluid drug
"Floseal®" was injected into the area of removal of
tumor material.

The subgroups were comparable in terms of sex,
age, localization and histological types of the tumor.
We analyzed the complications that arose in these
subgroups using the method of X-ray computed
tomography performed in the first 24 hours after
surgery. All necessary patient data were recorded
in the Microsoft Excel electronic database, after

o€ MEDICALBYETEY

Fig. 2. Patient T., 67 years old. A, B - MRI neuroimaging data of a tumor lesion, hospitalized on 10/07/2016 with a diagnosis of a tumor of
the temporal, parietal lobe and islet with a spread to the thalamic tubercle. On 10/10/2016, a stereotactic biopsy was performed. Histological
examination: glioblastoma. In the immediate postoperative period, the patient was conscious. 7 hours after the end of the surgery, the patient
had a sudden loss of consciousness to coma |, the appearance of right-sided anisocoria, the rapid development of secondary ischemic stem
damage in the form of inhibition of pupil photoreaction, loss of oculocephalic reflexes. A brain X-ray computed tomography (CT) scan was
performed, extensive hemorrhage (C) in the tumor area with spread to the temporal and parietal lobes of the brain, blood breakthrough into
the ventricular system of the brain, pronounced lateral dislocation syndrome to the left, secondary ischemic brain damage was visualized.
He was taken to the operating room for vital signs. D — postoperative cerebral CT scan: hematoma and tumor removed. Fatal outcome dated
by 10/12/2016

Fig. 3. A-D. Patient Ch., 58 years old, was hospitalized on 11/08/2016 with suspected lymphoma of the left hemisphere of the cerebellum
with infiltration of the roof of the 4th ventricle. On 11/09/2016, a stereotactic biopsy of the tumor was performed. Histological examination:
non-Hodgkin's lymphoma. Due to the formation of a hematoma in the tumor biopsy area on 11/10/2016, an urgent installation of the Arendt
cerebrospinal fluid drainage system into the anterior horn of the right lateral ventricle was performed, 11/10/2016. — subtotal removal of a
tumor of the left hemisphere of the cerebellum with growth into the cerebellar bridge angle using neurophysiological monitoring, intraoperative
fluorescence microscopy, removal of an intracerebral hematoma in the bed of a removed tumor of the left hemisphere of the cerebellum.
In the future, the postoperative period proceeded without complications. Control X-ray CT of the brain dated 11/11/2016: condition after
recraniotomy in the suboccipital region. There are areas of reduced density in the surgical area, the postoperative cavity is 3.7 x 3.5 x 3.1 cm.
The median structures are not displaced. The patient was discharged in a satisfactory condition
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which the data was analyzed in the Statistica 10.0
program. When processing the obtained patient data
in the control and main groups, an assessment was
carried out based on the nonparametric Pearson'’s
chi-squared test (x?).

STUDY RESULTS

In a group of 133 observations, neoplasms were
morphologically verified in all cases. In 43.7 % of
cases, Grade IlI-IV gliomas of high malignancy
were verified, Grade Il = in 40.5 %, CNS lymphomas
in 11.4 %, metastases of glandular and squamous
cell carcinoma in 4.4 %.

Fig. 4. X-ray CT neuroimaging of postoperative, clinically insignificant
microbleeding in the area of biopsy material withdrawal
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Mortality after STB in a group of 133 patients was
0.75 % (in one patient, in the immediate postopera-
tive period, the formation of a massive intracerebral
hematoma was noted, which required urgent surgical
intervention of a tumor localized in a functionally
significant area of the brain (Fig. 2)).

We found that in 6.7 % of patients of the control
subgroup, the formation of massive intracerebral
hemorrhages was noted in the postoperative period
(Fig. 3), requiring repeated surgical interventions,
removal of both intracerebral and intracerebral hem-
orrhages with forced cytoreduction of the tumor in
a functionally significant area. The mortality rate in
the control subgroup was 2.2 %.

In 53.3 % of the observations in the control sub-
group, according to X-ray computed studies of the
brain performed in the first 24 hours after surgery or
intraoperatively, minor hemorrhages were detected
at the point of collection of tumor material, requir-
ing a delay in the patient's stay in the hospital and
repeated neuroimaging methods (Fig. 4).

The technique of frameless stereotactic needle
biopsy in the main subgroup (n = 15) was stan-
dard. If signs of bleeding were noted during the
withdrawal of tumor material with a biopsy nee-
dle, in the form of the release of blood clots, rare,
frequent drop or jet bleeding, the hemostatic ma-
trix "Floseal®" was prepared according to the in-
structions for use of the drug (Fig. 5). The drug
is approved for use in the territory of the Russian
Federation (RU No. 2019/8305 dated 04/18/2019).
"Floseal®" is widely used in abdominal, vascular, and
neurological surgical fields as an applicative local
hemostatic [10].

A liquid hemostatic matrix was injected into the
cannula of the inner stylet of the biopsy needle until

Fig. 5. A. Intraoperative signs of
bleeding - the release of blood
clots from a biopsy needle. B. After
preparing the liquid hemostatic matrix
"Floseal®" and filling the inner stylet
of the biopsy needle with it, the liquid
hemostatic matrix is subsequently
injected in a volume of 2 ml
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it was completely filled. After the cannula was insert-
ed into the biopsy needle, a hemostatic matrix was
additionally injected in a volume of about 2 ml. We
have established a satisfactory possibility of inject-
ing this drug into the postoperative cavity through the
needle hole for stereotactic biopsy. Next, the biopsy
needle was removed, the milling hole was filled with
bone chips, ensuring hermetically sealed closure of
the bone defect followed by suturing of soft tissues.
Intraoperatively, or within a few hours after waking
up, the patient underwent CT neuroimaging of the
brain to assess postoperative changes and exclude
hemorrhagic complications (Fig. 6).

Hemorrhages and postoperative complications
were not observed in patients of the main subgroup
(n=15) (x?=3.99; p = 0.0458).

In the control subgroup (n = 45), the percentage of
clinically significant hemorrhages was 6.7 %, which
required repeated interventions, removal of both
intracerebral and intracerebral hemorrhages. The
percentage of clinically insignificant hemorrhages
in the control subgroup was 53.3 %. The mortality
rate in the control subgroup was 2.2 %.

DISCUSSION

In an international study by Malone Hani et al. [11]
7514 patients after STBs were analyzed. The most
common complication of STB was surgically signifi-
cant intracerebral bleeding, which was diagnosed in
5.8 % of patients. The risk factors for bleeding in this
study were associated with age above 40 years, hy-
drocephalus and cerebral edema. Inpatient mortality
according to the study was 2.8 % [11].

In other publications with different series of pa-
tients, the risk factors for bleeding after STB are not
clearly defined or were associated by the authors
with varying degrees of reliability, i.e. with the lo-
calization of a pathological focus, e.g. in the brain
stem [8, 9], with arterial hypertension, with impaired
liver function, with the malignant nature of a central
nervous system tumor [12, 13].

According to K. K. Kukanov and co-authors, after
performing the control CT neuroimaging, the pres-
ence of hemorrhages was noted in 40 % of the ob-
servations [14]. Of these, clinically insignificant ones
were noted in 25 %, large diffuse hemorrhages with
a clinical picture in 5 %, intraventricular hemorrhages
with a pronounced clinical picture in 10 % of cases.

Researchers see a reduction in the risk of intracranial
hemorrhages after the tumor tissue STB procedure
in careful preoperative planning of the biopsy tra-
jectory, the use of modern stereotactic devices and
biopsy cannulas, as well as the use of preoperative
hemostatic therapy in patients with suspected high
degree of tumor anaplasia [14].

In the article De Quintana-Schmidt C. with
co-authors (2019) [15] published the results of
a thrombin-gelatin matrix inmlication in three cas-
es of intense bleeding during the STB procedure.
Preliminary results of the work have shown that
injection of a thrombin-gelatin matrix is a safe and
effective procedure for the treatment of persistent
surgical bleeding that cannot be performed by
traditional hemostatic methods used in neuro-
surgery [12].

The presented studies do not provide a clear idea
of how to improve the safety of performing stereo-
tactic biopsy. The neurosurgeon faces urgent issues:
what to choose as a reliable hemostatic agent, which
method of administration to use, how to calculate
the administered dose of the drug?

Based on the data of our study conducted from
2014 to 2020, a reliable method of hemostasis was

NMITs O

Fig. 6. Example of brain neuroimaging X-ray CT data 40 minutes
after surgery in a patient using "Floseal®". A reduced density
corresponding to the biopsy point is visualized in the left temporal
lobe. No hemorrhage was found in the area of tumor tissue removal
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found in a sufficient sample of patients using stereo-
tactic techniques for collecting tumor material. We
have proposed a technique for the introduction of
a liquid hemostatic matrix as a preventive measure
for intraoperative bleeding during STB.

In the course of our study, it was noted that there
were no complications, clinically significant hemor-
rhages or microbleeds in the subgroup of patients
with biopsy needle bleeding after the introduction
of a liquid hemostatic matrix. On the contrary, in the
subgroup of patients with the standard stereotactic
biopsy procedure, in cases of intraoperative bleeding
on a biopsy needle, macro and micro hemorrhages
were observed in 60 % of patients, repeated surgical
interventions were performed in 6.7 % of cases, and
the mortality rate was 2.2 %.

CONCLUSION

If signs of bleeding from a biopsy needle appear
during a stereotactic biopsy of a brain tumor, it is
possible to inject a liquid hemostatic matrix in a vol-
ume of 2 ml into the point of removal of tumor tissue.
The proposed method of preventing hemorrhages
demonstrates the potential solution to the only seri-
ous type of complications in this minimally invasive
diagnostic intervention. A liquid hemostatic matrix
as intraoperative hemostasis method at the point
of biopsy sampling following the stereotactic inter-
vention helps to prevent the development or even
stop bleeding intraoperatively, it also prevents the
occurrence of hemorrhages and complications in
the early postoperative period.
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