
Page 1/13

Clinicopathological Factors and Prognosis of
Massive Hemorrhage After Radiotherapy for
Nasopharyngeal Carcinoma
Maoxin Wang  (  entmao@126.com )

Fuzong Clinical College of Fujian Medical University https://orcid.org/0000-0003-0034-0200
Xianming Chen 

the 900th hospital of Joint Logistic Support Force,PLA
Hongxun Gong 

the 900th hospital of Joint Logistic Support Force,PLA
Shiyan Chen 

the 900th hospital of Joint Logistic Support Force, PLA
Fan Yang 

the 900th hospital of Joint Logistic Support Force, PLA

Research

Keywords: clinicopathological factors, prognosis, nasopharyngeal cacinoma, radiotherapy, hemorrhage

Posted Date: October 23rd, 2020

DOI: https://doi.org/10.21203/rs.3.rs-94544/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-94544/v1
mailto:entmao@126.com
https://orcid.org/0000-0003-0034-0200
https://doi.org/10.21203/rs.3.rs-94544/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/13

Abstract
Background: To investigate the clinicopathological factors and prognosis of nasopharyngeal hemorrhage
after radiotherapy for nasopharyngeal carcinoma (NPC).

Methods: The clinicopathological data of 539 NPC patients who received radiotherapy were analyzed
retrospectively, including gender; age; T-stage; N-stage; pathological type; type of radiotherapy;
synchronous chemotherapy; secondary-course radiotherapy; radioactive skull base osteonecrosis;
diabetes, hypertension, or other systemic diseases; results of nasopharyngeal bacterial culture. Univariate
and multivariate analyses were performed using the c2 test and logistic regression. The Kaplan-Meier
method was applied to analyze the survival of patients with nasopharyngeal hemorrhage.

Results: Among all patients, 64 (11.9%) had nasopharyngeal hemorrhage after radiotherapy. Results from
the univariate analysis showed that T-stage (p<0.01), secondary-course radiotherapy (p<0.01), radioactive
skull base osteonecrosis (p<0.01), nasopharyngeal bacterial culture results (p<0.01), and nasopharyngeal
tumor recurrence (p<0.01) were associated with nasopharyngeal hemorrhage. Multivariate analysis
showed that only radioactive skull base osteonecrosis was signi�cantly associated with nasopharyngeal
hemorrhage after radiotherapy (OR=41.83, p=0.0001). In patients with internal carotid artery hemorrhage,
the survival rate was 60.9% in one year, 15.1% in3 years, and 0% in 5 years. In patients with external
carotid artery bleeding, the 5-year survival rate was 50%. The main cause of death during follow-up was
rebleeding.

Conclusion: The rate of mortality in patients with nasopharyngeal hemorrhage after radiotherapy is high.
The presence of radioactive skull base osteonecrosis is the decisive factor in patients with
nasopharyngeal hemorrhage after radiotherapy. In�uencing and synergistic factors include T-stage,
secondary-course radiotherapy, results of nasopharyngeal bacterial culture, and nasopharyngeal tumor
recurrence. After successful rescue,arterial embolization or stent implantation may prolong survival.

Background
Nasopharyngeal carcinoma (NPC) is one of the most common head and neck malignancies in South
China. Recent epidemiological data have shown that the incidence of NPC varies across regions, mainly
concentrating in southeast coastal areas in China. Squamous cell carcinoma, which is sensitive to
radiation, is the most common pathological classi�cation of NPC. Therefore, radiotherapy is the preferred
treatment for the disease. In recent years, with the continuous improvement of local radiotherapy
technology and comprehensive treatment methods, the overall survival rate of NPC patients has greatly
increased. According to the current data, the 3-year overall survival rate of NPC patients is 82.3%; 5-year
survival ranges from 59–76.1%; and the 10-year survival is 43% [1–4].

However, the complications of NPC patients after radiotherapy are still a great challenge and an urgent
problem for clinicians. Among them, nasopharyngeal massive bleeding after radiotherapy (continuous
bleeding of more than 300 ml, or bleeding of more than 100 ml [5–7]), is the most dangerous situation,
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with a high mortality rate. Massive nasopharyngeal bleeding after radiotherapy therefore demands more
attention from clinicians [5–8], though its incidence is not high. In order to explore the possible risk
factors of massive hemorrhage after radiotherapy in NPC patients, we retrospectively analyzed the
clinicopathological data of 539 patients with NPC after radiotherapy. Our �ndings provide a more reliable
theoretical basis for clinical analysis and judgment of the probability and risk of nasopharyngeal
hemorrhage in NPC patients after radiotherapy.

Methods
Inclusion and exclusion criteria

Inclusion criteria: non-keratinized undifferentiated and differentiated carcinoma of the nasopharynx
con�rmed by pathology; patients who had received radiotherapy for NPC; patients who had received
initial treatment without distant metastasis.

Exclusion criteria: patients with other pathological types;  patients who did not receive or did not
complete radiotherapy for NPC; patients with distant metastasis at the time of initial treatment; 
patients with incomplete clinical pathology and follow-up data.

Patient characteristics

From January 2005 to January 2015, 539 patients with NPC at our hospital met the study’s inclusion
criteria. Among them, 147 patients had received radiotherapy alone, and 392 patients had received
radiotherapy with concurrent chemotherapy. The study ultimately included 428 males and 111 females
with an average age of 47.4 years (range, 16-78 years). The study was approved by the Medical Ethics
Committee at our hospital. Because of the retrospective nature of the study, patient consent for inclusion
was waived.

Clinical and pathological factors

In this study, we mainly analyzed the following clinical and pathological factors: gender; age; T-stage; N-
stage; pathological type; type of radiotherapy; synchronous chemotherapy; secondary-course
radiotherapy; radioactive skull base osteonecrosis; diabetes, hypertension, or other systemic diseases;
results of nasopharyngeal bacterial culture; nasopharyngeal tumor recurrence. Clinical stage was
determined according to the Union for International Cancer Control (UICC) standard (8th Edition) [9, 10].
Pathological types were determined by hematoxylin-eosin (HE) staining. Cervical lymph node metastasis
was determined by �ne-needle aspiration cytology, and staging was determined based on the results of
imaging examinations. The radiotherapy methods involved in this study included three-dimensional
conformal intensity-modulated radiotherapy (IMRT) and conventional linear accelerator radiotherapy.
Cases treated with concurrent chemotherapy also received 21-d cisplatin single-drug therapy. Eighteen
cases with incomplete pathological data were included in this study. The original medical records were
searched, and para�n samples in the department of pathology were re-sectioned to supplement the data.



Page 4/13

Follow-up

Patients with NPC after treatment were followed-up regularly by means of a return visit, investigation, and
interviews by telephone or snail mail. Among 539 patients, 64 patients suffered from nasopharyngeal
hemorrhage (all more than 400ml). The occurrence of nasopharyngeal hemorrhage ranged from 4
months to 7 years after radiotherapy (average27.2 months after radiotherapy). Nine cases died at home
or on the way to the hospital. Forty-six patients were successfully rescued, 41 of whom received arterial
embolization or stent implantation. Patients were followed until the end of life.

Statistical analysis

SPSS20.0 software was used to analyze the relationship between the clinicopathological factors of NPC
patients and the occurrence of nasopharyngeal hemorrhage after radiotherapy. Then logistic regression
analysis (step by step) was performed for selected factors. The Kaplan-Meier method was used to
analyze the correlation between patient survival and nasopharyngeal hemorrhage after radiotherapy.

Results
Among 539 patients with NPC, 64 (11.8%) had nasopharyngeal hemorrhage after radiotherapy. The
clinical and pathological factors analyzed within groups included: gender; age; T-stage; N-stage;
pathological type; type of radiotherapy; synchronous chemotherapy; secondary-course radiotherapy;
radioactive skull base osteonecrosis; diabetes, hypertension, or other systemic diseases; results of
nasopharyngeal bacterial culture; nasopharyngeal tumor recurrence. We found that there was a
signi�cant correlation between nasopharyngeal hemorrhage and secondary-course radiotherapy (p < 
0.01), radioactive skull base osteonecrosis (p < 0.01), nasopharyngeal bacterial culture results(p < 0.01),
and nasopharyngeal tumor recurrence (p < 0.01); No signi�cant correlation with nasopharyngeal
hemorrhage after radiotherapy was found for gender, age, N-stage, pathological type, type of
radiotherapy, synchronous chemotherapy, diabetes, hypertension, or other systemic diseases (p > 0.05)
(Table 1).
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Table 1
Clinical and pathological characteristics of nasopharyngeal hemorrhage after radiotherapy for

nasopharyngeal carcinoma
Clinicopathological factors Hemorrhage No

hemorrhage

Gender      

  Male 52(9.7) 377(69.9)

  Female 12(2.2) 98(18.2)

Age      

  < 40 years 14(2.6) 67(12.4)

  40–60 years 35(6.5) 279(51.8)

  > 60 years 15(2.8) 129(23.9)

Bacterial infection      

  Yes 40(7.4) 264(49.0)

  No 24(4.5) 211(39.1)

T-stage      

  T1 13(2.4) 182(33.8)

  T2 17(3.2) 179(33.2)

  T3 25(4.6) 101(18.7)

  T4 9(1.7) 13(2.4)

N-stage      

  N0 16(3.0) 124(23.0)

  N1 21(3.9) 187(34.7)

  N2 20(3.7) 127(23.6)

  N3 7(1.3) 37(6.9)

Pathological type      

  Non-keratinized undifferentiated 41(7.6) 312(57.9)

  Non keratinized differentiated 23(4.3) 163(30.2)

Radiotherapy methods      

  linear accelerator 24(4.5) 169(31.4)
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Clinicopathological factors Hemorrhage No
hemorrhage

  Three-dimensional conformal
intensity modulation

40(7.4) 306(56.8)

Concurrent chemotherapy      

  No 15(2.8) 120(22.3)

  Yes 49(9.1) 355(65.9)

Second radiotherapy      

  No 33(6.1) 432(80.1)

  Yes 31(5.8) 43(8.0)

Destruction or necrosis of
skull base bone

     

  No 10(1.9) 423(78.5)

  Yes 54(10.0) 52(9.6)

Systemic diseases      

  No 45(8.4) 351(65.1)

  Yes 19(3.5) 124(23.0)

Local recurrence      

  No 22(4.1) 415(77.0)

  Yes 42(7.8) 60(11.1)

Multivariate logistic regression analysis for the factors listed above showed that only radioactive skull
base osteonecrosis was signi�cantly associated with nasopharyngeal hemorrhage after radiotherapy
(OR = 41.83, p = 0.0001, Table 2). Among 64 cases of nasopharyngeal hemorrhage, 55 cases were
immediately sent to the hospital, and 9 cases died at home or on the way to the hospital. Among the 55
patients who were immediately sent to the hospital, 46 cases were rescued by successful nasal packing.
Forty-one cases were detected by digital subtraction angiography (DSA), including 10 cases with bleeding
from the external carotid artery that were treated with arterial embolization. There were 31 cases with
internal carotid artery hemorrhage, including 6 cases that were treated with arterial embolization, and 25
cases that were treated with a covered stent. Kaplan-Meier survival analysis showed that the overall 3-
year survival rate and 5-year survival rate were 26.6% and 12.2%, respectively (Fig. 1). Among 31 patients
with internal carotid artery hemorrhage, the 1-year survival rate was 60.9%; the 3-year survival rate was
15.1%; there was no 5-year survival rate. Nineteen patients died of re-bleeding. The 5-year survival rate
was 50% in patients with external carotid artery bleeding (Fig. 2). Among the 5 patients who did not
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continue to receive treatment after successful rescue, 3 cases died of re-bleeding a few days later, and the
other 2 cases were followed up for 3 years without any episode of re-bleeding.

Table 2. Logistic analysis of clinicopathological factors related to nasopharyngeal hemorrhage after
radiotherapy for nasopharyngeal carcinoma

  Estimated
value

Standard
error

u-
value

p-
value

OR 95%CI

Constant terms -3.934 1.053 3.735 0.0002    

Gender 0.626 0.420  1.489 0.1365 1.87 0.820
4.261

Age -0.007 0.015  0.495 0.6204 0.99 0.964
1.022

T-stage 0.079 0.190 0.414 0.6787 1.08 0.746
1.569

N-stage 0.120 0.186 0.646 0.5182 1.13 0.783
1.624

Pathological type -0.094 0.363 0.258 0.7960 0.91 0.447
1.855

Radiation methods -0.443 0.371 1.194 0.2325 0.64 0.310
1.329

Concurrent
chemotherapy

-0.389 0.420 0.926 0.3546 0.68 0.298
1.544

Second radiation -0.343 0.603   0.568 0.5703 0.71 0.218
2.317

Bone destruction 3.734 0.505 7.388 0.0001 41.83 15.53
112.61

Systemic diseases 0.675 0.438 1.544 0.1226 1.96  0.834
4.632

Bacterial infection 0.097 0.380 0.255 0.7987 1.10 0.523
2.320

Nasopharyngeal
recurrence

0.632 0.616 1.026 0.3048 1.88 0.563
6.295

Discussion
Radiotherapy is the preferred treatment for NPC. Radiation not only kills tumor cells, but also damages
normal tissues and cells around the tumor. In NPC patients, the main cause of nasopharyngeal
hemorrhage after radiotherapy is damage to adjacent blood vessels. Previous studies have shown that
radiation may lead to vascular endothelial damage, resulting in elastic �ber rupture and increased



Page 8/13

vascular wall fragility [11]. In addition, tissue necrosis in areas surrounding the tumor may impair the
delivery of nutrition to the vascular wall, which may exacerbate any pre-existing damage and increase risk
for vascular wall rupture and massive bleeding in the presence of infection.

In a case-control study, Chen et.al found that secondary-course radiotherapy and radiation-induced skull
base osteonecrosis were key factors predicting carotid artery rupture syndrome after radiotherapy [12].
Results from the univariate analysis in our study showed that T-stage, secondary-course radiotherapy,
radioactive skull base osteonecrosis, results of nasopharyngeal bacterial culture, and nasopharyngeal
tumor recurrence were signi�cantly correlated with nasopharyngeal hemorrhage. These results were
similar to those reported by Chen et al. We found that T-stage was closely related to nasopharyngeal
hemorrhage after radiotherapy. One reason for this observation may be tumor invasion of bone tissue
and even arteries afterT3 stage. In such cases, a high radiation dose during radiotherapy may cause bone
necrosis, impairment of the nutrition supplied to bone, or direct radiation damage to blood vessels.

Secondary-course radiotherapy is performed to treat recurrent head and neck tumors after radiotherapy. It
has been reported that this therapy achieves a good rate of local control. However, after application of
this therapy,32.5% of patients die of carotid artery rupture syndrome or carotid hemorrhage [13]. We also
found that the incidence of nasopharyngeal hemorrhage increased signi�cantly after the second course
of radiotherapy. We speculate that an increase in radiation dose aggravates damage to the bone,
mucosa, and blood vessels.

Wu et.al found that nasopharyngeal necrosis was closely related to infection after radiotherapy, and that
lesions could erode the internal carotid artery and cause massive hemorrhage [14]. Our study found that
patients with positive results on nasopharyngeal bacterial culture were more likely to experience
nasopharyngeal hemorrhage. The toxins and enzymes released by bacteria may damage the arterial wall,
especially in areas where necrosis affects the bone and mucosa, which aggravates tissue damage and
causes bleeding.

The results of our univariate analysis indicated that the recurrence of nasopharyngeal tumor was closely
related to nasopharyngeal hemorrhage. One possible reason is that recurrent nasopharyngeal tumor is
more likely to invade damaged bone, and even directly destroy the vulnerable artery wall, after
radiotherapy, resulting in massive hemorrhage.

Further logistic multivariate analysis showed that only radioactive skull base osteonecrosis was related
to nasopharyngeal hemorrhage after radiotherapy, which indicated that destruction or necrosis of the
skull base may be the decisive factor leading to nasopharyngeal hemorrhage after radiotherapy. The
other four factors investigated appeared to act only as synergistic or in�uencing factors.

Previous studies have shown that platinum-based concurrent chemotherapy may improve the survival
rate of NPC patients [15, 16] and may also cause damage to coagulation function and blood vessels
[17].However, our study did not �nd a clear correlation between treatment with chemotherapy drugs and
nasopharyngeal bleeding. The presence of diabetes, hypertension, or other systemic diseases were
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reported to lead to peripheral vascular lesions, which may increase the risk of bleeding in tissue with
radiation-related damage. However, the results from our study indicated no signi�cant correlation
between such complications and nasopharyngeal bleeding after radiotherapy.

In NPC patients who have undergone radiotherapy, nasopharyngeal hemorrhage mostly involves the
internal carotid artery or external carotid artery branch and a high mortality rate. Most patients die of
hemorrhagic shock or asphyxia caused by the aspiration of blood �uid. The present study included 64
cases with massive hemorrhage, including 55 sent immediately to the hospital, and 46 rescued
successfully. The successful rescue was 83.6%. After successful rescue, DSA should be performed to
identify the vessel that caused the bleed. In the case of bleeding from the external carotid artery branch,
vascular interventional embolization can be performed for hemostasis; tissue ischemia and necrosis can
be avoided because collateral circulation is abundant. However, in the case of internal carotid artery
hemorrhage, vascular interventional embolization or a covered stent may be used, depending on the
pattern of intracranial artery vascularization. Jung et al. found that the average survival time in such
patients could be increased by 9 months through the use of interventional therapy [18].

Mak et al. [19] analyzed 15 patients with massive hemorrhage caused by rupture of an internal carotid
artery pseudoaneurysm after radiotherapy for NPC. Four patients underwent arterial embolization, 11
patients were implanted with covered stents, and bleeding was stopped in all cases. However, during the
follow-up period, pseudoaneurysm occurred again in 2 cases, with cerebral infarction in 2 cases and brain
abscess in 1 case. During an average follow-up of 13 months, the stent patency rate was 67%. There were
no clinical symptoms in 3 cases with stent occlusion. Therefore, it is considered that good results are
achieved with embolization and use of a covered stent. Tsang et al. [20] reached a similar conclusion. In
our study, the rate of survival after external carotid artery branch bleeding was signi�cantly higher than
the rate of survival after internal carotid artery bleeding. Embolization of the external carotid artery branch
therefore appears to be the more effective treatment strategy, because the embolization of internal
carotid artery hemorrhage is associated with complications such as hemiplegia and cerebral infarction.
Therefore, we elected to use the covered stent to achieve an immediate hemostatic effect. However, the
covered stent is short, and the portion of the vessel wall that remains uncovered may be fragile due to
radiotherapy, sometimes leading to a second massive hemorrhage and a low survival rate. In this study,
19 patients died of rebleeding after receiving a covered stent.

Conclusions
In conclusion, massive hemorrhage after radiotherapy in NPC patients is dangerous, with a poor
prognosis. Necrosis or destruction of the skull base may increase the risk of nasopharyngeal
hemorrhage. We should pay su�cient attention to the patient’s condition and make sure that medical
treatment is administered in an expedient fashion. After successful rescue, arterial embolization or stent
implantation may prolong survival time.

List Of Abbreviations
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NPC nasopharyngeal carcinoma

UICC Union for International Cancer Control

HE hematoxylin-eosin

IMRT intensity-modulated radiotherapy

DSA digital subtraction angiography

Declarations
Ethics Approval and consent to participate

This project was approved by the Ethics Committee of the 900th Hospital of Joint Logistic Support Force,
PLA, China (approval no. 2016-021). Because of the retrospective nature of the study, patient consent for
inclusion was waived.

Patient consent for publication

Not applicable.

Availability of data and materials

All data generated or analyzed during this study are included in this published article.

Competing interests

The authors declare that they have no competing interests.

Funding

This study was supported by grants from the Natural Science Foundation of Fujian Province, China
(No:2015J01485).

Authors' contributions

Wang MX and Chen XM conceived and designed, and supervised the study. Gong HX and Chen SY
collected and analyzed the data. Yang Fan performed statistical analysis. All authors have read and
approved the �nal version of the manuscript.

Acknowledgements

We thank the Pathology Department of the 900th Hospital of Joint Logistic Support Force of PLA for their
kind assistance.



Page 11/13

References
1. Laskar SG, Gurram L, Gupta T, Budrukkar A, Murthy V, Agarwal JP. Outcomes in nasopharyngeal

carcinoma: Results from a nonendemic cohort. Indian J Cancer. 2016;53:493-8.

2. Chen YP, Chan ATC, Le QT, Blanchard P, Sun Y, Ma J. Nasopharyngeal carcinoma. Lancet.
2019;394:64-80.

3. Kamran SC, Riaz N, Lee N. Nasopharyngeal carcinoma. Surg Oncol Clin N Am. 2015;24:547-61.

4. Sun XS, Liu SL, Luo MJ, Li XY, Chen QY, Guo SS, et al. The Association Between the Development of
Radiation Therapy, Image Technology, and Chemotherapy, and the Survival of Patients With
Nasopharyngeal Carcinoma: A Cohort Study From 1990 to 2012. Int J Radiat Oncol Biol Phys.
2019;105:581-90.

5. Liao YP, Hong JD, Wang XW, Jiang WZ, Tu QS, Zhang Z. Analysis of 45 cases of nasopharyngeal
hemorrhage after radiotherapy for nasopharyngeal carcinoma (in Chinese). Chinese Journal of
Otorhinolaryngology skull base surgery. 2004;10:31-2.

�. Jiang J, Zhang N. 43 cases of massive blood after radiotherapy for nasopharyngeal carcinoma (in
Chinese) Cancer research and clinic. 2010;22:521-2.

7. Li ZC, Xu PF, Rong XM, Shi XL, Fu RY, Tang YM. Related factors and clinical management of
epistaxis in patients irradiated for nasopharyngeal carcinoma. ChinJ Clin Oncol. 2013;40:1059-63.

�. Wang ZL, Liu JQ. Protection of the internal carotid artery during surgery for nasopharyngeal
carcinoma. J OtolaryngolOphthalmol Shandong Univ. 2019;33:21-5.

9. Huang SH, O'Sullivan B. Overview of the 8th Edition TNM Classi�cation for Head and Neck Cancer.
Curr Treat Options Oncol. 2017;18:40.

10. Guo R, Mao YP, Tang LL, Chen L, Sun Y, Ma J. The evolution of nasopharyngeal carcinoma staging.
Br J Radiol. 2019;92:20190244.

11. Okamura HO, Kamiyama R, Takiguchi Y, Kimizuka K, Ishikawa N, Kishimoto S. Histopathological
examination of ruptured carotid artery after irradiation. ORL J Otorhinolaryngol Relat Spec.
2002;64:226-8.

12. Chen KC, Yen TT, Hsieh YL, Chen HC, Jiang RS, Chen WH, et al. Postirradiated carotid blowout
syndrome in patients with nasopharyngeal carcinoma: a case-control study. Head Neck.
2015;37:794-9.

13. Cengiz M, Özyiğit G, Yazici G, Doğan A, Yildiz F, Zorlu F, et al. Salvage reirradiaton with stereotactic
body radiotherapy for locally recurrent head-and-neck tumors. Int J Radiat Oncol Biol Phys.
2011;81:104-9.

14. Wu JX, Xu LY, Yang BH, Lin SJ, Zhang C, Lin FJ, et al. [Clinical analysis of 60 cases with radiative
nasopharyngeal necrosis in nasopharyngeal carcinoma]. Zhonghua Er Bi Yan Hou Tou Jing Wai Ke
Za Zhi. 2012;47:185-90.

15. Li WF, Chen NY, Zhang N, Hu GQ, Xie FY, Sun Y, et al. Concurrent chemoradiotherapy with/without
induction chemotherapy in locoregionally advanced nasopharyngeal carcinoma: Long-term results



Page 12/13

of phase 3 randomized controlled trial. Int J Cancer. 2019;145:295-305.

1�. Liang ZG, Chen ZT, Li L, Qu S, Zhu XD. Progresses and Challenges in Chemotherapy for Loco-
Regionally Advanced Nasopharyngeal Carcinoma. Asian Pac J Cancer Prev. 2015;16:4825-32.

17. Gara E, Csikó KG, Ruzsa Z, Földes G, Merkely B. Anti-cancer drugs-induced arterial injury: risk
strati�cation, prevention, and treatment. Med Oncol. 2019;36:72.

1�. Jong MA, Candanedo C, Gross M, Cohen JE. Intervening in the Acute Phase of Postradiation Carotid
Blowout Syndrome. International archives of otorhinolaryngology. 2019;23:172-7.

19. Mak CH, Cheng KM, Cheung YL, Chan CM. Endovascular treatment of ruptured internal carotid artery
pseudoaneurysms after irradiation for nasopharyngeal carcinoma patients. Hong Kong Med J.
2013;19:229-36.

20. Tsang AC, Leung KM, Lee R, Lui WM, Leung GK. Primary endovascular treatment of post-irradiated
carotid pseudoaneurysm at the skull base with the Pipeline embolization device. J Neurointerv Surg.
2015;7:603-7.

Figures

Figure 1

The overall survival rate of nasopharyngeal hemorrhage patients after radiotherapy.



Page 13/13

Figure 2

Comparison of survival rate between massive hemorrhage induced by external vs. internal carotid artery
rupture.


