
F or the determination of a definite diagnosis of a 
spinal cord tumor,  pathological findings are the 

most important type of findings.  A surgical resection of 
a spinal cord tumor is commonly performed,  but vari-
ables related to the surgical method (e.g.,  the excision 
range) can be changed according to the pathological 
findings.  Imaging modalities such as magnetic reso-
nance imaging (MRI) and computed tomography (CT) 
are applied to determine the types of spinal cord tumor 
[1 , 2].  The information of tumor locality,  signal inten-
sity,  shape,  enhancement effect,  and calcification 

enables the establishment of differential diagnoses.  
However,  it is impossible to determine the exact type of 
spinal tumor based on only imaging findings.  A defini-
tive diagnosis cannot be established without pathologi-
cal findings.

A needle biopsy is a relatively simple,  minimally 
invasive procedure that can be performed for many 
lesions (e.g.,  bone tumors and soft-tissue tumors) [3].  
However,  it is often difficult to perform a needle biopsy 
in patients with spinal cord tumors because of risks 
such as iatrogenic nerve damage close to the tumor and 
the presence of a hematoma around the spinal cord.  An 
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tively analyzed the cases of 108 patients with spinal cord tumors treated surgically in our institute; the IPD,  
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incisional biopsy or resection is thus performed more 
frequently in cases of spinal cord tumors.  Additional 
treatments are sometimes needed postoperatively based 
on the results of the FPD [4].

The intraoperative pathological diagnosis (IPD) pro-
vides useful information to support surgeons’ decision- 
making,  especially for cases in which reaching a defi-
nite diagnosis based on preoperative imaging or to help 
the surgeon determine whether a tumor is benign or 
malignant.  However,  the accuracy of IPDs is limited by 
the characteristics of this procedure,  which can only use 
simple fixing and staining protocols in a short period.  
Some reports have described the concordance rates 
between the IPD and FPD in other types of surgery 
[5 , 6]; however,  there are few similar reports of spinal 
cord tumors [7].  We performed the present study to 
identify the concordance rate between the IPD and FPD 
in patients who have undergone the surgical manage-
ment of spinal cord tumors at our institute.

Patients and Methods

Between 2004 and 2017,  151 surgeries for spinal 
cord tumors were performed at our institute.  Of these,  
43 surgeries were performed without an IPD.  An IPD 
was obtained during the surgery for a total of 108 
patients.  The patients were 50 males and 58 females,  
aged 13-87 years (mean 56 years).  The tumors were 
located in the cervical area (n = 29,  27%),  the thoracic 
area (n = 47,  43%),  and the lumbosacral area (30%,  
n = 32).  The tumors were extradural (n = 11),  intradu-
ral-extramedullary (n = 67),  intramedullary (n = 19),  or 
dumbbell-type (n = 11).  All of the IPDs and FPDs were 
performed by pathologists in our hospital.

The IPD procedure in each case was performed as 
follows.  The specimen was placed in a cup and deliv-
ered to the pathology department.  The tissue and com-
pound in the cryomold were frozen by soaking in −70° 
acetone for 5-10 sec.  The tissue block was sectioned at 
a thickness of 5-10 μm using a cryostat and adhered to 
the slide glass.  The sample was fixed using alcohol and 
formalin,  stained with hematoxylin and eosin (H&E),  
and cleared using xylene.  A single pathologist con-
firmed the diagnosis.  The pathologist who confirmed 
the IPD was not necessarily the same as the pathologist 
who confirmed the FPD.

We determined the concordance rates between the 
IPD and FPD for these 108 cases.  When the IPD and 

FPD were the same,  the diagnosis was defined as a 
“match.” When the two were different,  the diagnosis 
was defined as a “mismatch.” The statistical analysis was 
performed using Fisher’s exact test with Statcel,  the 
useful add-in form on Microsoft Excel,  4th ed.  
Probability (p)-values < 0.05 were considered signifi-
cant.  The study was approved by the university’s 
Research Ethics Committee.

Results

Mismatched cases. The IPD and FPD results are 
summarized in Table 1 and Table 2.  A total of five cases 
involved a mismatch between the IPD and the FPD.  
The 5 cases of hemangioblastoma,  astrocytoma,  malig-
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Table 1　 The results of the intraoperative pathological diagnoses 
(IPDs)

Intraoperative pathological diagnosis Number of cases (%)

Schwannoma 62 (57.4)
Meningioma 14 (13)
Ependymoma 8 (7.4)
Astrocytoma 6 (5.6)
Hemangioma 5 (4.6)
Unknown condition 4 (3.7)
Hemangioblastoma 3 (2.8)
Neurofibroma 2 (1.9)
Angiolipoma 1 (0.9)
Malignant lymphoma 1 (0.9)
Metastatic adenocarcinoma 1 (0.9)
Sarcoidosis 1 (0.9)

Total 108 (100)

Table 2　 The results of the final pathological diagnoses (FPDs)

Final pathological diagnosis Number of cases (%)

Schwannoma 61 (56.5)
Meningioma 14 (13)
Ependymoma 10 (9.3)
Hemangioma 6 (5.6)
Astrocytoma 5 (4.6)
Unknown condition 4 (3.7)
Hemangioblastoma 2 (1.9)
Neurofibroma 2 (1.9)
Angiolipoma 1 (0.9)
Malignant peripheral nerve sheath tumor 1 (0.9)
Metastatic adenocarcinoma 1 (0.9)
Sarcoidosis 1 (0.9)

Total 108 (100)



nant lymphoma,  schwannoma,  and an unknown con-
dition based on the IPD were later identified as ependy-
moma,  ependymoma,  no evidence of malignant 
lymphoma,  malignant peripheral nerve sheath tumor,  
and hemangioma based on the FPD,  respectively (Table 
3).

Concordance rates between the IPDs and FPDs.
The concordance rate was 95.4% (103/108) for all of the 
cases,  90.9% (10/11) for the extradural lesions,  98.5% 
(66/67) for the intradural extramedullary lesions,  
84.2% (16/19) for the intramedullary lesions,  and 100% 
(11/11) for the dumbbell-type lesions (Fig. 1).  The con-
cordance rate of the intramedullary lesions tended to be 
lower than those of the other lesions (p = 0.096).

Case Reports

Case 1. A 39-year-old woman presented with 
right-limb numbness.  MRI revealed an intramedullary 
spinal cord tumor at the level of C2,  showing a low- 
intensity signal on T1-weighted images,  a high-inten-
sity signal on T2-weighted images,  and partial enhance-
ment on gadolinium-diethylenetriaminepentaacetate 
(Gd-DTPA)-enhanced images (Fig. 2A-C).  An intrale-
sional resection of the tumor was performed.  The IPD 
was hemangioblastoma (Fig. 2D),  whereas the FPD was 
ependymoma (World Health Organization [WHO] 
grade II) (Fig. 2E).  The mismatch between the IPD and 
FPD might have occurred because of time constraints 
and sampling limitations.

Case 2. A 26-year-old woman presented with gait 
disturbance.  MRI revealed an intramedullary spinal 
cord tumor originating at the C2-C7 level,  showing 
iso-intensity on both T1-weighted images and T2- 
weighted images and heterogeneous enhancement on 
Gd-DTPA-enhanced images (Fig. 3A-C).  Syringomyelia 
was present in the thoracic spinal cord.  An incisional 

biopsy was performed.  The IPD was astrocytoma 
(WHO grade II) (Fig. 3D).  The FPD of the sample of the 
incisional biopsy was also astrocytoma (WHO grade II).  
Gross total resection of the tumor was performed.  The 
last FPD was ependymoma (WHO grade II) (Fig. 3E).  
Gliosis was observed around the tumor in the sample 
acquired during the second surgery (Fig. 3F).  The sam-
ple from the incisional biopsy consisted of only the area 
of gliosis.  The small sample size could have led to the 
mismatch between the IPD and FPD.

Case 3. A 71-year-old woman developed numb-
ness and pain of the upper limbs.  MRI revealed an 
intramedullary spinal cord tumor originating at the 
C5-C7 level,  showing iso-intensity on T1-weighted 
images,  iso-high signal intensity on T2-weighted 
images,  and partial enhancement on Gd-DTPA-
enhanced images (Fig. 4A-C).  An incisional biopsy was 
performed; the IPD was malignant lymphoma (Fig.4D).  
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Fig. 1　 Comparison of the concordance rates between the IPD 
and FPD: 100% for dumbbell-type lesions,  98.5% for intradural 
extramedullary (IDEM) lesions,  90.9% for extradural (ED) lesions,  
and 84.2% for intramedullary (IM) lesions.

Table 3　 Mismatched cases between the IPD and FPD

Case Location Localization IPD FPD

1 Cervical IM Hemangioblastoma Ependymoma
2 Cervical IM Astrocytoma Ependymoma
3 Cervical IM Malignant lymphoma No evidence of malignant lymphoma
4 Cervical IDEM Schwannoma Malignant peripheral nerve sheath tumor
5 Thoracic ED Unknown condition Hemangioma
IM,  intramedullary; IDEM,  intradural extramedullary; ED,  extradural; IPD,  intraoperative pathological diagnosis; FPD,  final pathological 
diagnosis.



Immunostaining of the tissue revealed positive staining 
for cluster of differentiation (CD)3,  CD20,  and CD138,  
with negative staining for cyclin D1 (Fig. 4F-I).  The 
FPD was based on the absence of evidence of malignant 
lymphoma (Fig. 4E).  The small sample size and staining 
limitations might have been associated with the mis-
match between the IPD and FPD.

Discussion

The overall concordance rate between the IPD and 
FPD of spinal cord tumors was 95.4% in this study of 
108 cases.  Based on the location of the tumor,  the con-
cordance rates were 90.9% for extradural lesions,  98.5% 
for intradural extramedullary lesions,  84.2% for intra-
medullary lesions,  and 100% for dumbbell-type lesions.  
The concordance rate for intramedullary lesions tended 
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Fig. 3　 Case 2.  Low-signal-intensity T2-weighted MRI (A),  high-signal-intensity T1-weighted MRI (B),  and Gd-DTPA-enhanced tumor 
(C).  IPD based on the biopsy: small glial cells containing homogeneous nuclei (astrocytoma) (D).  FPD based on the final resection: true 
rosettes (arrow) and perivascular pseudorosettes (arrowhead) (E).  Gliosis around the ependymoma (F).
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Fig. 2　 Case 1.  High-signal-intensity T2-weighted MRI (A),  low-signal-intensity T1-weighted MRI (B),  and partially Gd-DTPA-enhanced 
lesions around the tumor (C).  IPD: luminal structure,  homogeneous nuclei,  clear cytoplasm (hemangioblastoma) (D).  FPD: circular nuclei 
and true rosettes (ependymoma) (arrow) (E).



to be lower than those for the other lesions.
The reported concordance rate between IPDs and 

FPDs varies from 88.8% to 97.3% for various types of 
tumors [5-14].  There have been few studies of the con-
cordance rate between the IPD and FPD of spinal cord 
tumors.  Kobayashi et al.  reported that the overall con-
cordance rate between the IPD and FPD of spinal cord 
tumors was 86.8% (58/67),  with 100% (13/13) for 
extradural lesions,  96% (26/27) for intradural extra-
medullary lesions,  and 70% (19/27) for intramedullary 
lesions; the concordance rate of the intramedullary 
lesions is significantly lower than that of the other 
lesions [7].  In other reports,  the concordance rates of 
the IPDs and FPDs of intramedullary tumors range 
from 58.1% to 80.4% [7-9].  Although it was not signif-
icant in our series,  the finding of a low concordance 
rate for intramedullary lesions is consistent with the 
previous reports.

Several reasons may contribute to the low concor-
dance rate of intramedullary tumors.  Intramedullary 
tumors are smaller than the tumor sizes observed on 
imaging because of local tissue reactions such as edema 
or inflammation surrounding the tumor.  The sample 
tissues for an IPD may be collected from the boundary 
between the actual tumor and the reactive tissue.

There have been some reports of concordance rates 
between needle-biopsy findings and the final histologi-
cal diagnosis [3 , 15-17].  Kubo et al.  conducted a meta- 
analysis of the diagnostic accuracy of core needle biop-

sies and surgical biopsies in the field of musculoskeletal 
lesions; the concordance rate between the results of 
these 2 types of biopsy was 84% [15].  The diagnostic 
accuracy of a core needle biopsy is significantly lower 
than that of a surgical biopsy.  These findings confirm 
that appropriate tissue collection and a sufficient sample 
volume are essential for an accurate diagnosis.  Moreover,  
intramedullary spinal cord tumors are associated with 
more differential diagnoses than tumors at other loca-
tions [8 , 18].  The limitation of the minimum simple 
staining due to time constraints makes achieving the 
differential diagnosis more difficult.  Our mismatched 
cases may also have been affected by these factors or 
limitations.

There are reports of several types of tumors that are 
easily misdiagnosed.  In the field of brain tumors,  glio-
blastoma may be misdiagnosed as a metastatic tumor or 
non-glial tumor [10].  A cytodiagnosis using the squash 
method is useful to differentiate between a glioma and a 
non-glial tumor.  Nasir et al.  reported that nonglial neo-
plasms such as neurocytoma,  hemangioblastoma,  
atypical meningioma,  and lymphoma are sometimes 
misdiagnosed as glioma based on an IPD [19].  A 
meningioma is also easily misdiagnosed as a different 
type of spindle cell tumor (e.g.,  schwannoma) when the 
tissues lack the typical features of meningioma repre-
sented by whorls and psammoma bodies [10 , 12].  Low-
grade astrocytoma and gliosis are sometimes difficult to 
differentiate [11],  which may be relevant to our present 
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Fig. 4　 Case 3.  High-signal-intensity T2-weighted MRI (A),  iso-signal-intensity T1-weighted MRI (B),  and Gd-DTPA-enhanced tumor (C).  
IPD: high nucleus-to-cytoplasmic ratio (malignant lymphoma) (D).  FPD: No evidence of malignant lymphoma (E),  Cluster of differentiation 
CD3+ (F),  CD20+ (G),  CD138+ (H),  cyclin D1－ (I).



Case 2.  Sato et al.  described 2 of 6 cases involving a 
diagnosis of astrocytoma based on the IPD that turned 
out to be ependymoma on the FPD [8].

This study had several limitations.  The number of 
patients was relatively small (n = 108).  The data used in 
this study originated from one source,  and the concor-
dance rate between the IPDs and FPDs was thus slightly 
different from those of previous studies.  Factors such as 
the IPD procedure and the pathologists conducting the 
diagnostic procedure may have affected the outcomes.  
Despite these limitations,  we believe that this study 
provides important information for surgeons.

In conclusion,  we investigated the concordance rate 
between the IPD and FPD in patients who underwent 
surgery for a spinal cord tumor.  The overall concor-
dance rate between the IPDs and FPDs was 95.4%,  
which indicates that the IPD is a highly reliable proce-
dure to decide on the operative methods to implement 
during surgeries.  However,  the accuracy of IPDs for 
intramedullary spinal cord tumors tends to be lower 
than that for other sites of spinal cord tumors.  Surgeons 
should consider that there are limitations in the use of 
IPDs and make comprehensive decisions about surgical 
methods by referring to other information such as pre-
operative imaging findings and the tumor’s appearance 
during the surgery.

References

 1. Stramare R,  Beltrame V,  Gazzola M,  Gerardi M,  Scattolin G,  
Coran A,  Faccinetto A,  Rastrelli M and Rossi CR: Imaging of 
Soft-Tissue Tumors JMRI (2013) 37: 791-804.

 2. Panicek DM,  Gatsonis C,  Rosenthal DI,  Seeger LL,  Huvos AG,  
Moore SG,  Caudry DJ,  Palmer WE and McNeil BJ: CT and MR 
Imaging in the Local Staging of Primary Malignant Musculoskeletal 
Neoplasms: Report of the Radiology Diagnostic Oncology Group:  
Radiology (1997) 202: 237-246.

 3. Belyaeva MS,  Belyaev O,  Lehnhardt M,  Harati K,  Stricker I,  
Nicolas V and Daigeler A: Use of a self-contained vacuum- 
assisted biopsy system in the assessment of soft tissue tumors.  J 
Surg Oncol (2019) 120: 740-745.

 4. Gal AA: The centennial Anniversary of the Frozen Section 
Technique at the Mayo Clinic.  Arch Pathol Lab Med (2005) 129:  
1532-1535.

 5. Kusukawa J,  Suefuji Y and Kameyama T: Evaluation of intraoper-
ative rapid frozen section diagnosis in excisional biopsy for oral 
carcinoma.  Journal of Japan Society for Oral Tumors (1999) 11:  

83-89 (in Japanese).
 6. Shah J,  Mackelvie M,  Gershenson DM,  Ramalingam P,  Kott MM,  

Brown J,  Gauthier P,  Nugent E,  Ramondetta LM and Frumovitz M:  
Accuracy of intraoperative frozen section diagnosis of borderline 
ovarian tumors by hospital type.  J Minim Invasive Gynecol (2019) 
26: 87-93.

 7. Kobayashi K,  Ando K,  Ito K,  Tsushima M,  Morozumi M,  Tanaka S,  
Machino M,  Ota K,  Ishiguro N and Imagama S: Accuracy of intra-
operative pathological diagnosis using frozen sections of spinal 
cord.  Clin Neurol Neurosurg (2018) 167: 117-121.

 8. Sato T,  Tanaka Y,  Ozawa K,  Aizawa T and Kokubun S: Unsolved 
Problems in Diagnosis and Operative Treatment of Intramedullary 
Tumors.  Clinical Orthopaedic Surgery (2001) 36: 379-385 (in 
Japanese).

 9. Tanaka S,  Baba I,  Sumida T,  Manabe H and Hayashi Y:  
Microsurgical Treatment of Intramedullary Spinal Cord Tumor.  
Clinical Orthopaedic Surgery (2001) 36: 365-371 (in Japanese).

10. Obeidat FN,  Awad HA,  Mansour AT,  Hajeer MH,  Aljalabi MA and 
Abudalu LE: Accuracy of Frozen-Section Diagnosis of Brain 
Tumors: An 11-Year Experience from a Tertiary Care Center.  Turk 
Neurosurg (2019) 29: 242-246.

11. Uematsu Y,  Owai Y,  Okita R,  Tanaka Y and Itakura T: The use-
fulness and problem of intraoperative rapid diagnosis in surgical 
neuropathology.  Brain Tumor Pathol (2007) 24: 47-52.

12. Plesec TP and Prayson RA: Frozen Section Discrepancy in the 
Evaluations of Central Nervous System Tumors.  Arch Pathol Lab 
Med (2007) 131: 1532-1540.

13. Azami S,  Aoki Y,  Iino M,  Sakaguchi A,  Ogura K,  Ogishima D and 
Matsumoto T: Useful aspects of diagnosis of imprint cytology in 
intraoperative consultation of ovarian tumors: comparison between 
imprint cytology and frozen sections.  Diagn Cytopathol (2018) 
46: 28-34.

14. Palakkan S,  Augestine T,  Valsan MK,  Vahab KPA and Nair LK:  
Role of Frozen Section in Surgical Management of Ovarian 
Neoplasm.  Gynecol Minim Invasive Ther (2020) 9: 13-17.

15. Kubo T,  Furuta T,  Johan MP,  Sakuda T,  Ochi M and Adachi N: A 
meta-analysis supports core needle biopsy by radiologists for better 
histological diagnosis in soft tissue and bone sarcomas.  Medicine 
(2018) 97: e11567.

16. Colletti SM,  Tranesh GA,  Whetsell CR,  Chambers LN and Nassar 
A: High diagnostic accuracy of core needle biopsy of soft tissue 
tumors: An institutional experience.  Diagn Cytopathol (2016) 44:  
291-298.

17. Yoon MA,  Chung HW,  Chee CG,  Lee MH,  Lee SH and Shin MJ:  
Risk Factors for Diagnostic Failure of Ultrasound-Guided Core 
Needle Biopsy of Soft-Tissue Tumors Based on World Health 
Organization Classification Category and Biologic Potential.  AJR 
Am J Roentgenol (2020) 214: 413-421.

18. Hoshimaru M.  Diagnosis and Surgical Treatment of Spinal Cord 
Tumors: Spinal Surgery (2009) 23: 271-281.

19. Din NU,  Memon A,  Idress R,  Ahmad Z and Hasan S: Central 
Nervous System Lesions: Correlation of Intraoperative and Final 
Diagnosis,  Six Year Experience at a Referral Centre in a develop-
ing Country,  Pakistan.  Asian Pac J Cancer Prev (2011) 12: 1435-
1437.

460 Muraoka et al. Acta Med.  Okayama　Vol.  75,  No.  4


