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Introduction

Upper cervical injuries (UCI) consist of a various type of 
injuries that affect the skull base, the atlas, and the axis.12,14) 

Around this bony structure, important organs such as, 
brain stem, cranial nerve, vertebral artery, muscle and lig-
aments exist. Moreover, craniocervical junction and atlan-
toaxial complex made motion including axial rotation, 
flexion and extension. Therefore, after injured to this artic-
ular structure, neurologic deficit and instability is able to 
result.9,12,14) To maintain stability, prevent deformity, and 
protect neurological function, UCI need a proper treatment. 

When our institute evaluate patients with UCI in emer-
gency rooms, computed tomography angiography (CTA) 
of cervical spines was performed routinely for confirmation 
of vascular structure injuries. On CTA, we can found that 
abnormal vascular structure with contrast enhancement 
and dilatation within paraspinal back muscle. This abnor-
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mal vascular structure is considered as engorged venous 
plexus. We assumed that venous engorgement induced 
massive bleeding during muscle dissection. In this study, 
we evaluated the relation of venous engorgement and blood 
loss for adult patients with UCI.

Materials and Methods

Baseline characteristics and inclusion criteria
Between 2013 and 2015, total 23 patients with posterior 

fusion operations for UCI were enrolled. Medical data 
were collected according to our protocol and reviewed ret-
rospectively under approval of the institutional review 
board. The inclusion criteria were as follows: 1) patients 
with upper cervical blunt trauma treated by only emer-
gency posterior fusion surgery, aged ≥20 years; 2) diag-
nosed of UCI via X-ray, computed tomography (CT) and 
magnetic resonance (MR); 3) performed CTA for evalua-

tion of vascular structure injury; 4) had no past medical 
history and took any medication. Patients with spinal cord 
compression who needed laminectomies for minimizing 
the addition of the bone bleeding, and diagnosed as vascu-
lar diseases such as arteriovenous fistula were excluded. 
Initial prothrombin time (PT) international normalized ra-
tio (INR), activated partial thromboplastin time (aPTT) 
and platelet count were checked as laboratory findings re-
lated to bleeding factors. 

 
Venous engorgement evaluation and estimated 
blood loss (EBL)

We confirmed the venous engorgement in posterior neck 
muscle as CTA. The venous engorgement was defined as 
unusual venous structure over 3 mm with enhancement 
and dilatation within paraspinal neck muscle by CTA (Fig-
ure 1). Radiologic findings were confirmed by two neuro-
surgeon and neuroradiologist. Patients were divided into 

FIGURE 1. Preoperative computed tomog-
raphy angiography (CTA). Three traumatic pa-
tients were performed the CTA examination 
preoperatively. (A) Engorged venous struc-
tures are showed. Semispinaliscapitus mus-
cles (white arrowhead), multifidus muscles 
(black arrowhead) and engorged venous plex-
us (white arrows) are indicated. (B) On CTA, 
engorged venous plexus disappear after one 
month. (C) Three dimensions reconstructive 
image shows dilatated venous structures (white 
arrows). (D, E) Engorged venous plexus (white 
arrows) were showed. D
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two groups based on engorged vein size of 3 mm. Previous 
studies found the diameter of vertebral artery at levels of 
C1 and C2 to be about 3 mm.6,13) Based on this, the authors 
judged the vein of more than 3 mm thick as venous engorge-
ment.

The EBL was confirmed in anesthesia records. Anesthe-
siologist was determined the EBL on the basis of blood soak-
ing gauzes, fluid volume of suction bottles, transfusion 
volume. 

CTA protocol 
The patients were laid supine on the table with neutral 

position. CTA was performed (General electric Discovery 
CT 750HD; GE Healthcare, Milwaukee, WI, USA) after 
injecting 80 mL of nonionic iodinated contrast material 
(iodine concentration, 755 mg/mL) through a 20 gauge 
intravenous cannula at a rate of 4 mL/s. After 20 seconds 
from the contrast material injection, enhanced images were 
obtained. The final image is reconstructed by the software 
(AW Volume Share 5; GE Healthcare, Milwaukee, WI, 
USA).

Analysis
The relation of EBL and venous engorgement were ana-

lyzed. Independent-Samples t-test was used to assess the 
difference between group with venous engorgement and 

control group. Also, We analyzed the relationship between 
EBL and other variables. Statistical methods were noted 
in the following tables. All p-values of less than 0.05 were 
considered to indicate statistical significance. All statisti-
cal analyses were conducted with the use of statistical soft-
ware package SPSS (Version 24.0; SPSS Inc., Chicago, IL, 
USA).

Results

All patients underwent surgery, the postoperative man-
agement was terminated without any problems. Patient’s 
characteristics are shown in Table 1. The male to female ra-
tio was 18:5 and the mean age was 53.5 years (range, 25-
78 years). Of 23 patients, 11 patients had venous engorge-
ment in posterior neck muscle. EBL of total enrolled patients 
was 369.57 mL (range, 100-800). The EBL of group with 
venous engorgement was larger than that of control group 
as 454.55±206.71 in significant (p＜0.05) (Table 1). How-
ever, the other variants did not have statistical significance 
(Table 2 and 3).

Discussion

The present study compared EBL between groups with/
without post-traumatic muscular venous engorgement dur-

TABLE 1. Baseline characteristics

Factor Engorgement group Non-engorgement group Total p-value
Sex

Male 09 09 18
0.692*Female 02 03 05

Total 11 12 23
Age 051.90±17.03 (26-78) 054.83±18.00 (25-76) 0053.5±17.2 (25-78) 0.771†

PT INR 001.07±0.10 (0.93-1.22) 001.05±0.08 (0.89-1.19) 001.06±0.09 (0.89-1.22) 0.928†

aPTT 031.26±4.11 (26.3-37.9) 031.20±9.81 (25-59.8) 031.23±7.47 (25-59.8) 0.235†

Platelet count 233909.09±62389.83
(182000-386000)

235250.00±93124.67
(105000-436000)

234608.70±78140.17
(105000-463000)

0.928†

Fracture level
C1 03 02 05

0.805*C2 06 07 13
C1, 2 02 03 05

Operation level
O-C fusion 03 03 06

0.967*C1-2 fusion 04 04 08
C1-2-3 fusion 04 05 09

Operation time 160.91±33.38 (110-210) 136.67±19.70 (120-180) 148.26±29.22 (110-210) 0.052‡

EBL 454.55±206.71 (300-800) 291.67±99.62 (100-400) 369.57±176.93 (100-800) 0.024‡

*analyzed through Pearson chi-square test, †analyzed through Mann-Whitney U test, ‡analyzed through independent-samples 
t-test. PT INR: prothrombin time international normalized ratio, aPTT: activated partial thromboplastin time, O-C: occiput-cer-
vical spine, EBL: estimated blood loss 
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ing upper cervical spinal fusion operations. Both groups 
in the present study had significant difference in EBL. 
Current surgical approaches for treating UCI have devel-
oped through the continuous innovations in surgical tech-
nique, since in 1891 Hadra first introduced spinous process 
wiring in Pott’s disease and in 19424) Rogers16) described the 
interspinous wiring method used for trauma-induced cer-
vical instability. Recently, several surgery approaches have 
been attempted to treat UCI, including wiring technique, 
interlaminar clamps, and screw insertion.2,5,8,10,15,17,19) Espe-
cially, the C1 lateral mass and C2 pedicle screws are biome-
chanically considered more rigid and got a higher fusion 
rate than other techniques.11)

However, intraoperative bleeding has been recognized 
as a common complication during posterior spine fixation 
surgery. As previous study, there are known various risk 
factors associated with bleeding in spine surgery such as 
patient position, past medical history, operation technique 
and levels.7,18) The major causes of intraoperative bleeding 
were muscular and bony bleeding and injured of vascular 
structure. Arnautović et al.1) reviewed and revealed the ve-
nous anatomy at the craniocervical junction.3) The authors 
emphasized the importance of suboccipital cavernous si-
nus, they proposed to describe the venous compartment sur-
rounding the vertebral artery at the skull base. They de-
scribed it have many communication vessel, that anasto-
motic vein, which connects to the suboccipital venous plex-
us, placed between the deep and intermediate muscle layers. 
We reviewed the medical records, laboratory examina-

tions, and radiologic findings of patients who had massive 
bleeding during surgery. Authors were able to observe some 
patients with engorged venous structures. Figure 1 shows 
that engorged venous plexus located between the semispi-
nalis capitus and multifidus muscle. In patients with blunt 
cervical trauma, we suppose that contusion and swelling 
of deep muscle may exist and affect the progression of ve-
nous congestion. In some patients who did not receive 
surgical treatment, we observed that the engorged venous 
plexus disappeared later (Figure 1C). Between engorged 
vein and EBL, there was statistically relevant. According 
to our research, engorged venous structures are considered 
as a new risk factor. We presumed two reasons for the dif-
ference of EBL according to venous engorgement. First, 
intraoperative injuries of engorged venous plexus might 
cause much bleeding. Second, venous engorgement leads 
to congestion of blood, which is the major reason for in-
creased EBL. Therefore, this hypothesis results in more 
bleeding as muscular layer dissection in patients with en-
gorged venous plexus.

We propose the following method for reducing the EBL 
during surgery. 1) Confirmation of presence of the en-
gorged venous plexus via preoperative CTA; 2) decrease 
of muscular damage by midline approach and fine dissec-
tion. The more muscle damage leads massive oozing bleed-
ing due to engorged venous structures. Therefore it is im-
portant to midline approach and delicate dissection for 
avoiding of muscle damage. If massive bleeding occurs, it 
can be controlled by applying hemostatic materials and 

TABLE 2. The relation of estimated blood loss and other variants

Value Ages
(years, mean±SD)

Operation time
(minutes, mean±SD)

PT INR aPTT
(seconds, mean±SD)

Platelet count

Mean 53.5±17.2 
(25-78)

148.26±29.22 
(110-210)

1.06±0.09 
(0.89-1.22)

1.06±0.09 
(0.89-1.22)

234608.70±78140.17
(105000-463000)

p-value 0.860* 0.369* 0.718* 0.890* 0.667*

*a Spearman correlation analysis was used for analyzing the all variants above the table. SD: standard deviation, PT INT: pro-
thrombin time international normalized ratio, aPTT: activated partial thromboplastin time

TABLE 3. The relation of estimated blood loss and other variants

Factor n EBL (mL, mean±SD) p-value

Sex* Male 18 355.56±178.96 0.922
Female 05 420±178.86

Fracture levels† C1 fracture 05 300±31.620 0.626
C2 fracture 13 384.62±56.440
C1, 2 fracture 05 400±83.660

Operation levels† O-C fusion 06 250±42.820 0.152
C1-2 fusion 08 400±46.290
C1-2-3 fusion 09 422.22±74.120

*analyzed through independent-samples t-test, †analyzed through on-way ANOVA (Analysis of variance). EBL: estimated 
blood loss, SD: standard deviation, O-C: occiput-cervical spine 
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manual compression; 3) delayed operation for patients 
who did not have neurologic symptoms with the engorged 
venous plexus. 

The current study has several limitations. First, this study 
examined a small number of patients. Second, the other 
main limitation of this research is the method of EBL cal-
culation. Although identified as anesthesiology records will 
vary slightly depending on the experience of the anesthe-
siologist. So, studies are needed to determine the EBL by 
using the quantitative figures such as pre/postoperative he-
moglobin, hematocrit, transfusion, etc. Nonetheless, our 
findings suggest that the presence of engorged venous 
plexus results in more bleeding during operation.

Conclusion

Intraoperative bleeding is important problems for he-
modynamic instability, operative wound and infection. This 
study confirms that the presence of engorged venous plex-
us is one of factors, which cause more bleeding after blunt 
trauma of cervical spine. This problems is solved by preop-
erative CTA for identifying of presence of engorged venous 
plexus and fine operative techniques. 

■ The authors have no financial conflicts of interest. 

REFERENCES
1) Arnautović KI, al-Mefty O, Pait TG, Krisht AF, Husain MM. The 

suboccipital cavernous sinus. J Neurosurg 86:252-262, 1997
2) Brooks AL, Jenkins EB. Atlanto-axial arthrodesis by the wedge 

compression method. J Bone Joint Surg Am 60:279-284, 1978
3) Caruso RD, Rosenbaum AE, Chang JK, Joy SE. Craniocervical 

junction venous anatomy on enhanced MR images: the suboc-
cipital cavernous sinus. AJNR Am J Neuroradiol 20:1127-1131, 
1999

4) Denaro V, Di Martino A. Cervical spine surgery: an historical 
perspective. Clin Orthop Relat Res 469:639-648, 2011

5) Dickman CA, Sonntag VK. Posterior C1-C2 transarticular screw 

fixation for atlantoaxial arthrodesis. Neurosurgery 43:275-280; 
discussion 280-281, 1998

6) Duan S, Lv S, Ye F, Lin Q. Imaging anatomy and variation of ver-
tebral artery and bone structure at craniocervical junction. Eur 
Spine J 18:1102-1108, 2009

7) Elgafy H, Bransford RJ, McGuire RA, Dettori JR, Fischer D. 
Blood loss in major spine surgery: are there effective measures 
to decrease massive hemorrhage in major spine fusion surgery? 
Spine (Phila Pa 1976) 35:S47-S56, 2010

8) Farey ID, Nadkarni S, Smith N. Modified Gallie technique versus 
transarticular screw fixation in C1-C2 fusion. Clin Orthop Relat 
Res:126-135, 1999

9) Goel A, Bhatjiwale M, Desai K. Basilar invagination: a study based 
on 190 surgically treated patients. J Neurosurg 88:962-968, 1998

10) Haid RW, Jr., Subach BR, McLaughlin MR, Rodts GE, Jr., Wahlig 
JB, Jr. C1-C2 transarticular screw fixation for atlantoaxial insta-
bility: a 6-year experience. Neurosurgery 49:65-68; discussion 
69-70, 2001

11) Huang DG, Hao DJ, He BR, Wu QN, Liu TJ, Wang XD, et al. Pos-
terior atlantoaxial fixation: a review of all techniques. Spine J 15: 
2271-2281, 2015

12) Joaquim AF, Ghizoni E, Tedeschi H, Lawrence B, Brodke DS, 
Vaccaro AR, et al. Upper cervical injuries - a rational approach to 
guide surgical management. J Spinal Cord Med 37:139-151, 2014

13) Khanfour AA, El Sekily NM. Relation of the vertebral artery 
segment from C1 to C2 vertebrae: an anatomical study. Alex J 
Med 51:143–151, 2015

14) Menezes AH, Traynelis VC. Anatomy and biomechanics of nor-
mal craniovertebral junction (a) and biomechanics of stabiliza-
tion (b). Childs Nerv Syst 24:1091-1100, 2008

15) Moskovich R, Crockard HA. Atlantoaxial arthrodesis using in-
terlaminar clamps. An improved technique. Spine (Phila Pa 1976) 
17:261-267, 1992

16) Rogers WA. Fractures and dislocations of the cervical spine; an 
end-result study. J Bone Joint Surg Am 39A:341-376, 1957

17) Stillerman CB, Wilson JA. Atlanto-axial stabilization with poste-
rior transarticular screw fixation: technical description and report 
of 22 cases. Neurosurgery 32:948-954; discussion 954-955, 1993

18) Tse EY, Cheung WY, Ng KF, Luk KD. Reducing perioperative 
blood loss and allogeneic blood transfusion in patients undergo-
ing major spine surgery. J Bone Joint Surg Am 93:1268-1277, 2011

19) Wang L, Liu C, Zhao Q, Tian J. Posterior pedicle screw fixation 
for complex atlantoaxial fractures with atlanto-dental interval of 
>/= 5 mm or C2-C3 angulation of >/= 11 degrees. J Orthop Surg 
Res 9:104, 2014


