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Introduction

Internal carotid artery (ICA) injury is a catastrophic complication of endoscopic
endonasal surgery (EES). However, its standard management, emergent endovascular
treatment, may not always be available, and the transnasal approach may be insuffi-
cient to achieve hemostasis.

A 44-year-old woman with pituitary adenoma underwent EES complicated with the ICA
cavernous segment injury (CSI). In urgent intraoperative angiogram, a good collateral
flow from the contralateral carotid circulation was observed. Due to the unavailability
of intraoperative embolization, emergent surgical trapping was performed by com-
bined transcranial and cervical approach. The patient recovered but later developed a
giant cavernous pseudoaneurysm. During the pseudoaneurysm embolization, ICA was
directly accessed via a 1.7-F puncture hole using a bare microcatheter technique. Then,
both the aneurysm and parent artery were obliterated with coils. At the 4-year follow-
up, the patient was asymptomatic without a residual tumor. To our knowledge, this is
the first case of ICA-CSI during EES successfully treated with ICA trapping as a lifesaving
urgent surgery that achieved a complete recovery after a pseudoaneurysm emboliza-
tion. Although several studies reported that EES-related ICA-CSIs with percutaneous
carotid artery access, neither our surgical salvage technique nor our carotid access and
tract embolization techniques were previously described.

in patients of all ages, albeit its complications.'”'? Despite the

Recently, endoscopic endonasal surgery (EES) has been  numerous reports on EES, there is a paucity of reports on its
increasingly performed for skull base and sellar pathologies  complications, especially those involving the internal carotid
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artery (ICA) injury, commonly at its cavernous part.1 1-25n this
report, we present the first case treated with surgical trapping,
an emergent surgical treatment, for EES-related carotid injury,
and review 15 studies describing 33 cases of EES-related ICA-
cavernous segment injury with special attention to treatment
options. Our patient finally recovered well after the initial
lifesaving surgical treatment followed by the unique endovas-
cular approach for the residual carotid pseudoaneurysmin the
subacute phase. Although direct endovascular treatment
remains the best option for this catastrophicinjury, alternative
methods should also be known.

Case Report

A 44-year-old female patient presented to our institution
with hand and foot enlargement. On admission, no motor or
sensory deficits were observed; however, bilateral temporal
visual field cuts were detected. Laboratory workup revealed
elevated somatomedin-C (IGF-1), 413 (94-269) ng/mL; so-
matotropin (GH), 3.86 (0-3.5) ng/mL; adrenocorticotropic
hormone, 84.06 (7.2-63.3) pg/mL; and cortisol levels, 29.06
(6.7-42.6) 1. On magnetic resonance imaging, a macroade-
noma was diagnosed (~Fig. 1A, B), and the patient agreed to
undergo an endonasal surgical treatment. Intraoperatively,
the patient was placed in the standard supine position, with
her head in a horseshoe cap and minimal extension. After
reaching the sellar region, the bone was breached to reach
the dura. As soon as the dura was reached using a number 15
blade, severe bleeding occurred. First, cotton, Surgicel (Ethi-
con) and bipolar cauterization and eventually muscle and fat
tamponade were used but were unsuccessful to control the
bleeding. Afterward, an emergent neck dissection was per-
formed to place a temporary clip in the carotid artery. Then,
as the bleeding was temporarily controlled, an intraoperative
angiogram was performed, which revealed a lacerated cav-
ernous ICA segment (=Fig. 2A). A good collateral flow from
the contralateral carotid circulation was also observed
(=Fig. 2B). Due to the unavailability of emergent neuro-
interventional support at that time, a decision was made to
proceed with craniotomy emergently to prevent impending
exsanguination and urgent transcranial surgery was per-
formed. The patient was placed in supine position and the

Fig. 1 Preoperative gadolinium-enhanced magnetic resonance
imaging of the patient in sagittal (A) and coronal (B) sections
demonstrating the pituitary adenoma.
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Fig. 2 Intraoperative emergent angiography showed left internal
carotid artery (ICA)-cavernous segment injury (arrow) (A) and good
collateral flow from the right ICA circulation (B).

head was rotated at 30 degrees counterclockwise. A mini-
pterional craniotomy was performed, and the anterior cli-
noid process was removed using a high-speed drill and
rongeur extradurally. The dura was opened after removing
the anterior clinoid process. On close inspection, no trace of
subarachnoid hemorrhage and a normal appearing brain
were observed. A proximal sylvian dissection was per-
formed. All the supraclinoid portions of the ICA including
the anterior choroidal, posterior communicating, and oph-
thalmic arteries were exposed. The ICA was trapped between
its cervical and transitional segments (just proximal to the
origin of the ophthalmic artery) by placing permanent
aneurysm clips. Immediately after trapping, hemostasis
was also verified endoscopically. Intraoperative Doppler
sonography was used to determine the flow distal to the
dural ring. After ensuring the distal flow, the tumor was
completely removed via a transsylvian route. The patient
again underwent an immediate postoperative angiography
that confirmed the absence of bleeding and maintenance of
good collateral supply to the ipsilateral carotid circulation
above the cavernous segment. After a close observation in
the neurointensive care unit postoperatively, the patient was
transferred to the neurosurgical ward on postoperative day 3
with a Glasgow Coma Score of 15 and an intact neurological
examination, except for left ptosis. On follow-up, the
patient’s serum hormone levels were normalized, and the
ptosis had significantly improved at 6 months. The patient
was readmitted to another institution for follow-up angiog-
raphy at 11 months postoperatively. A cerebral angiogram
demonstrated reconstitution of ICA flow inferiorly via the
left vertebral and external carotid arteries (~Supplementary
file 1). Below the carotid bifurcation, the common carotid
artery was completely occluded. Superiorly, a persistent
flow in the internal carotid circulation was observed via a
significantly stenosed parent artery at the level of the
previously placed clip. In the interim, an ~40-mm caver-
nous pseudoaneurysm had developed. After consultation
with the previous operator, endovascular approach was
planned for the pseudoaneurysm. However, there was no
antegrade access to the pseudoaneurysm from the aortic
arch due to the previous carotid sacrifice (=~Supplementary
file 1). Under general anesthesia, the left vertebral artery



Cavernous Segment Injury during Endonasal Surgery Kahilogullari et al.

was first catheterized through a transfemoral route. Ver-
tebral angiograms demonstrated reconstruction of the left
internal carotid circulation via the external carotid and
distally to the posterior communicating arteries and
antegrade filling of giant pseudoaneurysm and the ICA
(=Supplementary file 1). Since the ICA had been surgically
occluded, direct carotid puncture at the cervical segment of
the ICA was performed using a 21-G micropuncture needle
(Merit Medical Systems, United States) under fluoroscopic
guidance (=Supplementary file 1). A Transcend 14 micro-
wire (Stryker Neurovascular, United States) was placed
through the needle, and then the needle was directly
exchanged with an SL-10 microcatheter (Stryker Neurovas-
cular, United States) over the Transcend microwire without
using a vascular sheath (=Supplementary file 1). The
supraclinoid portion of the left ICA was directly catheter-
ized with the same microcatheter over a Synchro 14
microwire (Stryker Neurovascular, United States). The giant
aneurysm and its neighboring parent artery were occluded
with detachable bare platinum coils followed by an N-butyl
cyanoacrylate injection. At the end of the procedure, both
aneurysm and neighboring left ICA segment occlusion were
demonstrated and left intracranial carotid circulation
reconstruction was verified on the left vertebral and right
carotid angiograms (=Supplementary file 1). While with-
drawing the microcatheter, a glue bubble was first formed
at the tip of the microcatheter by very slowly injecting an
embolizing agent, and then the glue bubble was gently
retracted with the microcatheter down the puncture site to
plug the puncture hole from the endoluminal site. Subse-
quently, the glue was injected into the puncture tract while
further withdrawing the microcatheter (~Supplementary
file 1). Manual compression was not applied, and no neck
hematoma was observed at the puncture site. The patient
awakened from anesthesia uneventfully. Further follow-up
showed persistent pseudoaneurysm and parent artery
occlusion. The patient was asymptomatic including her
previously affected third nerve function, and she had a
normal hormonal profile at the 4-year follow-up.

Discussion

EES has become a routine approach for lesions extending
from the frontal sinus to the second cervical vertebra in the
sagittal plane and from the roof of the orbit and floor of the
middle cranial fossa to the jugular foramen in the coronal
plane in skull base surgery.?®?’ The main advantages of EES
are absence of skin incisions (cosmetically more acceptable),
minimally invasive nature, diminished postoperative pain,
and short duration of postoperative hospital stay, which
promoted its popularity.?® In spite of these advantages,
certain complications may occur, including but not limited
to hemorrhagic vascular complications, rhinorrhea, and in-
fection.>?2° Among these, ICA injury is a life-threatening
complication of EES.>17-29-3

The incidence of ICA injury during neurosurgical trans-
sphenoidal interventions is 0.2 to 1.4% for pituitary sur-
gery."”-3" ICA injury during EES is rare and less common as
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compared with microsurgical series.'’>273> On the other
hand, some studies have revealed contrasting opinions.36
Obviously, the rule of thumb is to prevent these injuries by
proper training and operator experience, using the “2 sur-
geons, 4 hands” method, and having a good grasp of patient-
specific anatomy utilizing the best preoperative imaging
techniques.3%37~*3 Anatomical considerations in EES must
be kept in the mind to avoid this serious complication.4~4
However, ICA injury may still occur in the best of hands,*’
and apart from exsanguination, this injury may lead to a
diverse range of vascular findings such as pseudoaneurysms,
arterial spasm, arterial thrombosis/emboli, and caroticoca-
vernous fistula formation.>* Although endovascular treat-
ment is currently the best choice for the management of ICA
injury during EES, surgical options must be considered in
cases of unavailable or delayed emergent endovascular
treatment.®>-2>48-51 Therefore, this report aimed to de-
scribe the alternative surgical approach in such case scenario
by demonstrating our case and a literature review. Surpris-
ingly, we discovered that this process with subsequent ICA
trapping in the hyperacute phase has not yet been reported
in the literature, although reverting to craniotomy in such a
catastrophic emergency is basically an intuitive procedure.

Several literature reports showed data on ICA-cavernous
segment injury during EES operations, as summarized
in ~Table 1."7"%° In a larger series, Romero et al described
four arterial injuries out of their 800 EES cases.?> However,
only one of these injuries occurred in the cavernous ICA. In
this case, an emergent angiogram showed sufficient collat-
erals via the circle of Willis; therefore, the operators were
able to proceed with the endovascular occlusion of ICA, and
4 months later, they removed the tumor via orbitofrontal
craniotomy. Additionally, in same study, the authors
reviewed the literature and described that 25 out of 7,336
patients undergoing EES had arterial injury intraoperatively
(0.34%). They found 19 ICA injuries in the same (0.26%) meta-
analysis. In the largest series of EES describing ICA injury,
Kalinin et al described four cases of ICA-cavernosal segment
injury in their 3,000 patients from Burdenko (0.13%).'°
Among them, one had ICA occlusion and three had pseudoa-
neurysm formation; three of them underwent endovascular
treatment. One patient required bilateral decompressive
craniotomy postoperatively and subsequently died. In a
systematic review on ICA injury in EES, Chin et al evaluated
25 papers revealing 50 patients with injury®?: 34 at the ICA-
cavernous segment and 3 at the ophthalmic artery, occurring
more commonly on the left eye (1.3/1). In 35 patients who
achieved initial hemostasis through packing, four underwent
an endoscopic clip sacrifice, three had bipolar coagulation to
seal the defect, and one had bipolar coagulation to sacrifice
the ICA. Intraoperative or immediate postoperative angiog-
raphy was reported in 27 cases in this meta-analysis. Our
literature review, as summarized in =Table 1, yielded 33
patients (12 males and 15 females; no gender information
was available for 6 patients) with a mean age of 47.36 years
(range: 12-82 years). The most common pathology was
pituitary tumor (18 patients: 4 patients with acromegaly,
4 with nonfunctional tumors, 2 with Cushing syndrome, 2
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Table 1 Previous literature data on patients with ICA-cavernous segment injury during EES

P | S/ Re AlG Pathology | Injury | Side | Initial IA | Finding ICA status/Repair Patient
status

1 1 22[F PT-Acro D R Pac + PA EC NS
(11,12)

2 2 42[M | Car D L Pac + PA EBO Li/NA
(13)

3 3 31/M | PT-Acro un L Pac + | un EC NS
(14)

4 4 45/M | PT-NP DI R Pac+MP | + un ESt+EC NS
(15)

5 4 12/M | PT-Cushing | DRB un Pac + | un ESt+ EC NS
(15)

6 5 41/F | PT-Cushing | DRB un un + | Aneurysm ESt NS
(16)

7 6 un PT-NP D L SKC un | Stenosis ESa Ex
(17)

8 |6 un PT-PRL TR L BS un | PA EVt NS
(17)

9 6 un C D L BS un | Stenosis EC NS
(17)

10| 6 un C TR R BS un | un ICA intact UEx
(17)

11 |6 un M DRB R Pac un [ Mild stenosis ICA intact NS
(17)

1217 31/M | GCT DRB L Pac + MCA thrombus EC NS
(18)

13|38 54/F | PT-NP TR L Pac + | Stenosis No treatment/surgery | Ex
(19)

14| 8 61/F | PT-NP DI R Un + | ICA wall defect Good collateral Ex
(19) EBO

15| 8 40/F | PT-Acro DI L Un + | un Good collateral NS
(19) EBO

16 | 8 46/M | PT-PRL HS R Un + PA ESt NS?
(19)

1719 29/F | PT un un Pac + [ PA ICA-MCA bypass Li/NA
(20) PCF

1819 45/M | PT un un Pac + | PCF ICA-MCA bypass Li/NA
(20)

1919 38/M | RCC un un Pac + | PA ICA-MCA bypass Li/NA
(20)

20 | 9 65/M | C un R Pac + | Stenosis EVt +ICA-MCA bypass | Li/NA
(20)

211 10 37/M | PT D un AC+MP | + N N NS
(21)

22 (10 50/F | C TR un AC+MP | + N N NS
(21)

23 [ 10 54[F | PT TR un AC+MP | + | Limited ICA flow | ESt Li/NA
(21)

24 110 76/F | Cra DRB un AC+MP | + N N NS
(21)

25110 40/F | PT Spo un AC+MP | + | No ICA flow Good collateral NS
(21)

26 82[F | M DRB un AC+MP [+ | N N NS

Journal of Neurological Surgery Reports

Vol. 82 No. R4/2021

© 2021. The Author(s).




Cavernous Segment Injury during Endonasal Surgery Kahilogullari et al.

Table 1 (Continued)

P | S/ Re AlG Pathology | Injury | Side | Initial IA | Finding ICA status/Repair Patient
status
10
(21)
27 | 10 58/F FD DRB un AC+MP | + PA ESt NS
(21)
28 | 10 69/M | Car TR un AC+MP [+ | CD Observed Li/NA
(21)
29 [ 11 un PT TR L Pac + ICA Wall EBO Sq©
(22) defect TCSP
30 | 12 67/F | M DRB | R Pac + | ICA wall Good NS¢
(23) defect Collateral
EC
31 13 44/M | ESS un R un + PA EC NS
(24)
32 | 14 57[F | C TR L Pac — PA un NS
(25)
33 | CR 44[F | PT-Acro TR L Pac + | ICAWall defect | ICA trapping NS
operation

Abbreviations: A, age; Acro, acromegaly; AC, aneurysm clip; BS, bipolar coagulation/sealing-sacrifice; C, chordoma/chondrosarcoma; Car,
carcinoma; CD, carotid dissection; CR, current report; Cra, craniopharyngioma; DI, dura incision; DRB, drilling/remove bone; EBO, endovascular
balloon occlusion; EC, endovascular coil; ESa, endovascular sacrifice; ESt, endovascular stenting; EVt, endovascular thrombectomy; ESS, endoscopic
sinus surgery; Ex, exitus; FD, fibrous dysplasia; G, gender; GCT, giant cell tumor; HS, hemostasis stage; IA, immediate angiogram; ICA, internal
carotid artery; L, left, Li, alive; M, meningioma; MC, microcatheter; MCA, middle cerebral artery; MP, muscular patch; N, normal; NA, not applicable;
NBCA, acrylic glue mixed with lipiodol; NP, nonfunctional pituitary tumor; NS, no sequelae; P, patient; Pac, packing; PA, pseudoaneurysm; PCF, poor
collateral flow; PRL, prolactinoma; PT, pituitary tumor; Re, references; R, right; RCC, Rathke cleft cyst; S, study; Spo, spontaneous; SKC, Sundt-Kees
aneurysm clip; Sq, sequelae; TCS, transcranial surgery; TD, tumor dissection/exposure; TR, tumor resection; UEx, unrelated/delayed ex; un,

unknown.
. 11,12 (Cappabianca et al, 2001)
. 13 (Liu and Di, 2009)
14 (Zada et al, 2010)
15 (Gondim et al, 2011)
16 (Berker et al, 2012)
. 17 (Gardner et al, 2013)
18 (lacoangeli et al, 2013)
19 (Kalinin et al, 2013)
9. 20 (Rangel-Castilla et al, 2014)
10. 21 (Padhye et al, 2015)
11. 22 (Magro et al, 2016)
12. 23 (Romero et al, 2017)
13. 24 (Dedmon et al, 2014)
14. 25 (Duek et al, 2017)
Without augmentation of focal neurological deficit.

PNV AW =

bBecause of the packing and hematoma, the patient had visual worsening that required an intracranial approach.

“Visual field and acuity remained severely worsened.

dFour months later, the patient received an orbitofrontal craniotomy to remove the tumor.

with prolactinomas, and the lesion type was not provided for
6 patients). The other pathologies were chordoma-chondro-
sarcomas in five patients, meningiomas in three patients,
carcinoma in two patients, and one patient had craniophar-
yngioma, fibrous dysplasia, Rathke cleft cyst, giant cell
tumor, and endoscopic sinus surgery each. In total, cavern-
ous segment injury occurred mostly during tumor resection
in nine patients and drilling/remove bone in eight patients; it
also occurred during tumor dissection in five patients, dura
incision in three patients, and finally during hemostasis

Journal of Neurological Surgery Reports

stage in one patient. It was reported to occur spontaneously
in one patient, whereas no such data was obtained for six
patients. The injury was left-sided in 11 patients and right-
sided in 9 patients (data unavailable for 13 patients). Packing
was the most common initial method to treat the injury (16
patients). An immediate angiogram was performed in all
patients except one (no data for one series). Endovascular
treatment was the most commonly used treatment method.
Most patients had no sequelae (21 cases) and were alive;
however, sufficient information on outcomes was lacking in

Vol. 82 No. R4/2021 © 2021. The Author(s).
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seven patients. One patient had a sequela and another died
due to unrelated reasons later. Three deaths were directly
related to the procedure.

Although several model studies and surgical simulations
have been reported on the management of this complication,
vascular injury can be managed with a few methods in the
acute setting.”>~>® In cases of small injury, the opening can be
sealed off with the help of a bipolar electrode with or without
using the muscle tissue.>*">°=®! However, this may result in
pseudoaneurysm formation with unstable seal.®2-%4 Sutur-
ing the site of injury is an option; however, it can be hard to
perform in EES and generally results in a high-degree steno-
sis.t Again, clipping the injury site is also an option; however,
this can lead to pseudoaneurysm formation, if not stenosis or
ischemia.”®®0 If none of these is possible, the artery should
be temporarily wrapped, and endovascular treatment should
be considered.?304%:65-68 padhye et al described the effects
of endoscopic direct clamp closure and muscle patch appli-
cation in their multicenter study.?’ Among nine patients
with arterial injury during EES (one basilar artery and eight
ICA), no deaths occurred, one had pseudoaneurysm with
successful endovascular treatment, two had impaired carot-
id flow, and one with carotid dissection was conservatively
managed. Finally, if endovascular options are limited or
unavailable, transcranial approaches such as an extracrani-
al-to-intracranial bypass or transcavernous approach can be
utilized in arterial or ICA injury due to a transsphenoidal
.slpproach.zo'ﬁgjO In our case, ICA trapping was performed
based on the intraoperative angiogram, because proximal
arterial control should be first achieved via a cervical inci-
sion. Since this remained as our only means to salvage the
injury, we suggest that tissues surrounding the carotid
sheath should be carefully maintained intraoperatively in
widely spread lesions like chordomas.

The largest number of ICA injuries from a single center
was described by Gardner et al.'” who found seven patients
with a 0.3% incidence. They performed bipolar coagulation/
sealing, with Sundt-Kees aneurysm clip or clip sacrifice, in
these patients with further endovascular treatment during
follow-up in some patients. A particular endovascular ap-
proach was also utilized in our patient during follow-up. Due
to the reconstitution of the internal carotid flow via external
carotid artery branches above the clipped segment of the
carotid artery, vascular access options were limited. The
transwillis approach was possible but would endanger
both carotid circulations should a problem occur during
embolization. Hence, the operator opted to puncture the
cervical ICA directly and used the microcatheter alone,
(without a sheath, needle, or catheter) to navigate until the
dural ring level to perform parent artery occlusion with coils.
Since arterial puncture occurred above the neck of the
mandible, hemostasis using compression would be impossi-
ble. Although the use of arterial closure devices in the
cervical approach has been described,”’ the lack of a safe
distal landing zone for the deployment sheath in our case
precluded the use of these devices. Consequently, the opera-
tor preferred to perform puncture-track embolization using
the cyanoacrylate glue. A similar endovascular approach

Journal of Neurological Surgery Reports

alone for internal carotid access without surgically exposing
the carotid artery was previously reported in the literature in
four papers to treat a total of five patients with residual
carotid cavernous fistulas and one with a history of naso-
pharyngeal carcinoma and radiotherapy to acute carotid
blow-out.”>~7> Review of these six patients is presented
in =Table 2. Among them, Tsai et al could puncture the
carotid artery low enough to enable sheath placement and
subsequent closure with an arterial closure device, and
Halbach et al also used a large sheath and finally embolized
the carotid artery with coils. Khan et al used an 18-G needle
as an access sheath, whereas Chang et al performed the
embolization procedure only using a 19-G needle. A bare
microcatheter technique using merely a microcatheter with-
out an outer sheath or needle has not been reported to
directly access the ICA, to our knowledge. This bare micro-
catheter technique allowed us to make a 1.7-F puncture hole
only in the carotid artery, minimizing the risk of a puncture
site hematoma. Regardless of this tiny hole, we further
secured the access tract-by “tract embolization” with liquid
embolic agents, which, again to our knowledge, has not been
previously performed for carotid access.

Conclusion

ICA injury is one of the serious complications that can occur
during EES. In our rare case, this EES complication was
successfully managed in a unique manner, by reverting to
transcranial/transcervical carotid trapping followed by a
parent artery sacrifice with direct internal carotid puncture,
using a bare microcatheter technique and tract embolization.
Both techniques may be lifesaving in case of a devastating
carotid injury during EES.

Abbreviations

A Age

Acro  Acromegaly

AC Aneurysm clip

BS Bipolar coagulation/sealing-sacrifice
C Chordoma/chondrosarcoma
Car Carcinoma

CD Carotid Dissection

CR Current report

Cra Craniopharyngioma

DI Dura incision

DRB Drilling/remove bone

EBO Endovascular balloon occlusion
EC Endovascular coil

ESa Endovascular sacrifice

ESt Endovascular stenting

EVt Endovascular thrombectomy
ESS Endoscopic sinus surgery

Ex Exitus

FD Fibrous dysplasia

G Gender

GCT Giant cell tumor

HS Haemostasis stage
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1A Immediate angiogram
ICA Internal carotid artery
L Left
Li Alive
M Meningioma
MC Microcatheter
MCA  Middle cerebral artery
MP Muscular patch
N Normal
NA Not applicable
NBCA  Acrylic glue mixed with lipiodol
NP Non-functional pituitary tumor
NS No sequelae
P Patient
Pac Packing
PA Pseudoaneurysm
PCF Poor collateral flow
PRL Prolactinoma
PT Pituitary tumor
Re References
R Right
RCC Rathke cleft cyst
S Study
Spo Spontaneous
SKC Sundt-Kees aneurysm clip
Sq Sequelae
TCS Transcranial surgery
TD Tumor dissection/exposure
TR Tumor resection
UEx Unrelated/delayed ex
un Unknown
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