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Introduction: In this microneurosurgical and anatomical study, we characterized the superficial anastomosing veins of the human brain cortex in human specimens.

Material and Methods: We used 21 brain preparations fixed in formalin (5%) that showed no pathological changes and came from the autopsy sections. The superficial veins were dissected out of the arachnoid with the aid of a surgical microscope.

Results: We dissected nine female and 12 male brain specimens, with an average age of 71 ± 11 years (range 51–88 years). We classified the superficial veins in five types: (I) the vein of Trolard as the dominat vein; (II) the vein of Labbé as the dominant vein; (III) a dominant sylvian vein group, and the veins of Trolard and Labbé nonexistent or only rudimentary present without contact to the Sylvian vein group; (IV) very weak sylvian veins with the veins of Trolard and Labbé codominant; and V) direct connection of Trolard and Labbé bypassing the Sylvian vein group. The vein of Trolard was dominant (Type I) in 21.4% and the vein of Labbé (Type II) in 16.7%. A dominant sylvian vein group (Type III) was found in 42.9%. Type IV and Type V were found in 14.3 and 4.7% respectively.

Conclusion: No systematic description or numerical distribution of the superior anastomotic vein (V. Trolard) and inferior anastomotic vein (V. Labbé) has been found in the existing literature. This study aimed to fill this gap in current literature and provide data to neurosurgeons for the practical planning of surgical approaches.
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INTRODUCTION

Venous structures, especially large superficial and bridging veins, can significantly hamper neurosurgeons during the operative course. To minimize the risk of venous complications (1–10), precise knowledge of the cerebral vascular topography is critical. In this microneurosurgical and anatomical study, we characterized the superficial anastomosing veins of the human brain cortex in human specimens (11).



MATERIALS AND METHODS

We used brain preparations fixed in formalin (5%) with no pathological changes from the autopsy units of the Munich Anatomical Institute and the Pathological Institute of the Ludwig Maximilian University of Munich. Proper storage and examination of the brains were carried out in the laboratory for neurosurgical microanatomy in the Großhadern Hospital. The pachimeninges (dura mater) had been removed from all specimens. After a detailed optical inspection, the superficial veins were dissected out of the arachnoid using a surgical microscope (OPMI; Zeiss, Oberkochen, Germany); their natural course was preserved. Particular attention was paid to the confluence into other vessels.


Anatomical Reference Structures

We selected the following anatomical structures as references for measuring the junction points of the superficial veins: central sulcus, frontomarginal sulcus, calcarine sulcus, and temporal pole. The selection was based on the following criteria: easy identification on the specimen, relative interindividual consistency of the structure, intraoperative applicability, favorable characteristics on imaging.



Distance Measurements

We used millimeter paper to measure the distances to account for the convexity of the brain. Anatomical structures define the location as the endpoints of the measured sections. Since the size of a brain varied between individual, we also documented the location of the central sulcus with respect to the frontomarginal and calcarine sulci. We measured the following structures: central sulcus midpoint to calcarine sulcus (Figure 1, line 1); frontomarginal sulcus to central sulcus midpoint (Figure 1, line 2); frontomarginal sulcus to confluence of the vein of Trolard into the superior sagittal sinus (Figure 1, line 3); confluence of the vein of Trolard into the superior sagittal sinus to calcarine sulcus (Figure 1, line 4); central sulcus midpoint to confluence of the vein of Trolard into the superior sagittal sinus (Figure 1, line 5); calcarine sulcus to confluence of the vein of Labbé into the transverse sinus (Figure 1, line 6); confluence of the vein of Labbé into the transverse sinus to the temporal pole (Figure 1, line 7).


[image: Figure 1]
FIGURE 1. Anatomical illustration of the vein of Trolard (TR) and vein of Labbé (LA) and their relationship with central sulcus (CS), calcarine sulcus, (CAS) and frontomarginal sulcus (FMS). The drawing is illustrating the distances between central sulcus (CS), calcarine sulcus (CAS), and frontomarginal sulcus (FMS). SSS, superior sagittal sinus; CS, central sulcus; CaS, calcarine sulcus; FMS, frontomarginal sulcus; Tr, vein of Trolard; La, vein of Labbé; DTr, distance vein of Trolard-central sulcus.




Statistical Analysis

We used Microsoft Excel® for the statistical analysis. We calculated the mean, standard deviation, minimum and maximum distances for all the measurements.




RESULTS

The age and gender of the patients when the brains were removed were as following: nine females and 12 males, with an average age of 71 ± 11 years (range 51–88 years).


Superficial Vein Distribution Types

We classified the superficial veins according to five types listed in Table 1. For the right hemispheres the distribution was as following: Type I: six hemispheres (14.3%); Type II: three hemispheres (7.1%); Type III: eight hemispheres (19.1%); Type IV: three hemispheres (7.1%); Type V: one hemisphere (2.4%).


Table 1. New classification of the large anastomosing veins the vein of Trolard, the vein of Labbé, and the Sylvian venous system.
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For the left hemispheres the distribution was: Type I: three hemispheres (7.1%); Type II: four hemispheres (9.6%); Type III: 10 hemispheres (23.8%); Type IV: three hemispheres (7.1%); Type V: one hemisphere (2.4%).

In summary, the 42 hemispheres are classified as such: Type I: nine hemispheres (21.4%); Type II: seven hemispheres (16.7%); Type III: 18 hemispheres (42.9%); Type IV: six hemispheres (14.3%); Type V: two hemispheres (4.7%).



Distances
 
Central Sulcus to Calcarine Sulcus and Frontomarginal Sulcus

The distance from the central sulcus midpoint to the calcarine sulcus was on average 14.67 cm (± 1.43 SD) and 14.69 cm (± 1.52 SD) on the right and the left side, respectively (Figure 1, line 1).

The distance between the central sulcus midpoint and the frontomarginal sulcus was on average 10.62 cm (± 1.46 DS) and 10.64 cm (± 1.48 SD) on the right and the left side, respectively (Figure 1, line 2).



Confluence of the Vein of Trolard Into the Superior Sagittal Sinus

We measured the distances from the vein of Trolard/superior sagittal sinus confluence to the frontomarginal sulcus and to the calcarine sulcus. The average of the distance between the vein of Trolard/superior sagittal sinus confluence and the frontomarginal sulcus was 11.4 cm (± 2.1 SD) and 12.2 cm (± 2.2 SD) for the right and the left side, respectively (Figure 1, line 3). The average of the distance between the vein of Trolard/superior sagittal sinus confluence and the calcarine sulcus was 14.3 cm (± 2.2 SD) and 13.4 cm (± 3.3 SD) for the right and the left side, respectively (Figure 1, line 4).



Central Sulcus to Calcarine Sulcus and Frontomarginal Sulcus

The average of the distances between the central sulcus midpoint and the superior sagittal sinus confluence was 0.6 cm (±2.6 SD) and 1.31 cm (±3.01 SD) for the right and the left side, respectively (Figure 1, line 5).



Confluence of the Vein of Labbé Into the Transverse Sinus

We measured the distances between the confluence of the vein of Labbé into the transverse sinus and the calcarine sulcus, which resulted in the following distribution: an average of 7.2 cm (± 0.9 SD) and 7.0 cm (± 1.3 SD) on the right and on the left side, respectively (Figure 1, line 6).

Calculating the distances between the confluence of the vein of Labbé into the transverse sinus and the temporal pole, we obtained an average of 9.9 cm (± 0.7 SD) and 9.7 cm (± 1.3 SD) for the right and the left side respectively (Figure 1, line 7).

The schematic representation of these measurements is showing in the Figure 1.





DISCUSSION

The study of the cerebral venous system, including ascending frontal veins and bridging veins, and especially the anastomotic veins, Trolard and Labbé, and the Sylvian vein, has received little attention in neurosurgery. Among the superficial veins of the cerebrum, the superior anastomotic vein (vein of Trolard), the inferior anastomotic vein (vein of Labbé), and the Sylvian veins are most at risk of occlusion since they are located along the access routes to most intracranial pathologies (2, 12). The presence of adequate anastomoses can keep venous pressure low and mitigate or even prevent the destructive effects of an occlusion (13–19).


Superior and Inferior Anastomotic Veins: Trolard and Labbé

Regarding the presence of the veins of Trolard and Labbé, there were no significant differences between the left and the right side in the present study. Due to the lack of data on handedness, no reliable assignment to hemispheric dominance was possible. If one postulates the left hemisphere as the dominant one, there appears to be a preference for both the vein of Trolard and the vein of Labbé on that side. Such relationship did not appear in studies by either Di Chiro (20) or von Lanz (21).



Vein of Trolard

Di Chiro (20) described that the vein of Trolard occurred more frequently in the non-dominant hemisphere. These results were obtained using angiographic imaging; in the present microanatomical study those observations could not be confirmed. Instead, we found a more frequent occurrence on the left hemisphere for both the vein of Trolard and the vein of Labbé.

In his book (21), von Lanz described the superior anastomotic vein in the area of the central sulcus or slightly dorsal to it, noting that a course toward the anterior pole of the frontal lobe can also occur. We were able to differentiate this more precisely, describing the localization of the vein of Trolard in relation to the central sulcus. When viewed from both sides, the comparison between left and right showed no significant difference, the vein of Trolard was in front of the central sulcus in 8 hemispheres and in only four cases behind it. A confluence with the central sulcus was recorded in 6 cases. When measuring the distance of the contact point with the superior sagittal sinus, it appears that the frontal span of this location is significantly larger at 6 and 5 cm on the right and left, respectively.

Stephens and Stilwell (22) outlined the veins flowing into the superior sagittal sinus into a frontal and parietal group, with no information regarding frequency and exact position. However, they note that the vein of Trolard is the most variable of all superficial veins. According to Stephens and Stilwell (22), our data show a greater variability of the vein of Trolard than the vein Labbé when the veins flow into the superior sagittal sinus or the transverse sinus.



Vein of Labbé

Thus far, there is no clear information in the literature regarding the confluence of the vein of Labbé into the transverse sinus. A sketch in Seeger's book Atlas of Topographical Anatomy of the Brain and Surrounding Structures (23) shows this region, and the confluence is 10.5 cm from the temporal pole. In our measurements, we had an average of 9.9 (± 0.9) cm for the right hemisphere and 9.7 (± 1.3) cm for the left (Figure 1, line 6).

The location of the confluence of the vein of Labbé into the transverse sinus, either via the tentorium or direct, is of great importance for the planning of subtemporal and occipito-basal approaches. Like the confluence angles of the bridging veins of the cortical convexity in the direction of the superior sagittal sinus, the vein of Labbé forms a very acute angle with the temporal base or with the occipito-basal tentorium. Within this acute angle, the surgeon need to pay attention moving toward the confluence of the Vein of Labbé: if the spatula retraction is forced too much, the compression may induce venous stasis.



A New Classification of the Large Anastomosing Veins

In a paper by Oka et al. (24), 20 cerebral hemispheres were examined for the distribution of the superficial veins. With regards to the large anastomosing veins, the vein of Trolard, the vein of Labbé, and the Sylvian venous system, the paper proposed a classification into four types: Type I: the vein of Trolard is dominant; Type II: the vein of Labbé is dominant; Type III: the Sylvian venous system is dominant; Type IV: all three anastomosing vessels are present; the veins of Trolard and of Labbé are co-dominant. The authors made no statements about the frequency of each of the types. In addition to the types described by Oka, we found another type in which there is a direct connection between the vein of Trolard and the vein of Labbé without any connection to the Sylvian venous system (Type V in Table 1 and Figure 2).


[image: Figure 2]
FIGURE 2. Classification for the superficial anastomosing vein patterns (according to Erös et al.) in the current study.


Stephens and Stilwell (22) describe significant end-to-end anastomoses between superficial veins but do not propose any precise typing. They describe that the connection of the veins of Trolard and Labbé with the Sylvian veins is already present in the fetus; these connections remain during life, but the diameter of these vessels' middle segments increases.

In the present study we performed a systematic description and a numerical distribution of the superior anastomotic vein (vein of Trolard) and inferior anastomotic vein (vein of Labbé) for the first time. Furthermore, we proposed a new classification of the large anastomotic veins, describing five types of possible venous distributions for the vein of Trolard, the vein of Labbé, and the Sylvian venous system. The first four types reflect the classification proposed by Oka et al. (24), but a fifth type, a new anatomical pattern in the variability of the superficial vein distribution, was added.

Our classification, based on the distribution of the superficial veins showed the following five types: type I with a dominant vein of Trolard, type II with a dominant vein of Labbé, type III with a dominat Sylvian vein group, type IV is characterized by the presence of all three anastomosing veins (codominant veins of Trolard and Labbé with weak a Sylvian vein), type V shows a direct connection between the vein of Trolard and the vein of Labbé without a connection with the Sylvian vein group.




LIMITATION OF THE STUDY

The limitations of the study regarding the measurements are related to the use of formalin for the specimen's fixation, that could cause shrinkage of the brain, and similarly to the physiologic brain atrophy which occur in older people.

Although changes in size of the brain stem can occur. as a result of formalin fixation, changes in the cerebrum are usually smaller (25).

Therefore, these aspects do not impact or influence the main topic of the research, consisting in a new classification of the large anastomotic veins proposed in this work.



CONCLUSIONS

The study of the superficial cerebral venous system has received little attention in neurosurgery. A thorough review of the existing literature revealed no systematic description or numerical distribution of the superior anastomotic vein (vein of Trolard) and inferior anastomotic vein (vein of Labbé). This study aims to fill this gap in the current literature and provide data to neurosurgeons for the practical planning of surgical approaches, presenting a systematic description and a numerical distribution of the superior anastomotic vein (vein of Trolard) and inferior anastomotic vein (vein of Labbé), and proposing a new classification of the large anastomotic veins. Knowledge of the drainage type present in the individual cases should be considered when planning neurosurgical operations. In addition to the optimal mental preparation for the planned resection, the exact visualization of the venous system has very high didactical value and has improved the abilities of differentiated approaches, particularly in glioma surgery, and extensive focus resections and multilobar topectomies in epilepsy surgery.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct, and intellectual contribution to the work and approved it for publication.



ACKNOWLEDGMENTS

We thank Gabriella Patanè, MA, for her cooperation in the language revision process of this manuscript and for the support she provided in finalizing the paper for submission.



REFERENCES

 1. Apuzzo MLJ, editor. Brain surgery: complication avoidance and management. New York: Churchill Livingstone. (1993) p. 2540.

 2. Chan RC, Thompson GB. Morbidity, mortality, and quality of life following surgery for intracranial meningiomas. A retrospective study in 257 cases. J Neurosurg. (1984) 60:52–60. doi: 10.3171/jns.1984.60.1.0052

 3. Morimoto T, Yamada T, Ishida Y, Nakase H, Hoshida T, Sakaki T. Monitoring of venous blood flow velocity during interhemispheric approach for deep seated lesions. Acta Neurochir (Wien). (1995) 137:44–7. doi: 10.1007/BF02188779

 4. Paterniti S, Fiore P, Levita A, La Camera A, Cambria S. Venous saving in olfactory meningioma's surgery. Clin Neurol Neurosurg. (1999) 101:235–7. doi: 10.1016/S0303-8467(99)00054-2

 5. Sakaki T, Morimoto T, Takemura K, Miyamoto S, Kyoi K, Utsumi S. Reconstruction of cerebral cortical veins using silicone tubing. Technical note. J Neurosurg. (1987) 66:471–3. doi: 10.3171/jns.1987.66.3.0471

 6. Tsutsumi K, Shiokawa Y, Sakai T, Aoki N, Kubota M, Saito I. Venous infarction following the interhemispheric approach in patients with acute subarachnoid hemorrhage. J Neurosurg. (1991) 74:715–9. doi: 10.3171/jns.1991.74.5.0715

 7. Tomasi SO, Umana GE, Scalia G, Rubio-Rodriguez RL, Cappai PF, Capone C, et al. Importance of veins for neurosurgery as landmarks against brain shifting phenomenon: an anatomical and 3D-MPRAGE MR reconstruction of superficial cortical veins. Front Neuroanat. (2020) 14. doi: 10.3389/fnana.2020.596167

 8. Kubota M, Saeki N, Yamaura A, Ono J, Ozawa Y. Influences of venous involvement on postoperative brain damage following the anterior interhemispheric approach. Acta Neurochir (Wien). (2001) 143:321–5. doi: 10.1007/s007010170085

 9. Steiger H-J, Reulen HJ. Manual neurochirurgie. Hüthig Jehle Rehm. (1999). 528 p.

 10. Holmes G, Sargent P. Injuries of the superior longitudinal sinus. Br Med J. (1915) 2:493–8. doi: 10.1136/bmj.2.2857.493

 11. Benninghoff A. Makroskopische Anatomie, Embryologie und Histologie des Menschen. 15th ed. München, Wien, Baltimore: Urban und Schwarzenberg (1994). p. 380–388.

 12. Sasaki CT, Allen WE, Spencer D. Cerebral cortical veins in otologic surgery. Arch Otolaryngol. (1977) 103:730–4. doi: 10.1001/archotol.1977.00780290066009

 13. Nakase H, Heimann A, Kempski O. Local cerebral blood flow in a rat cortical vein occlusion model. J Cereb Blood Flow Metab. (1996) 16:720–8. doi: 10.1097/00004647-199607000-00024

 14. Secrist RD, Traynelis V, Schochet SS, MR. imaging of acute cortical venous infarction: preliminary experience with an animal model. Magn Reson Imaging. (1989) 7:149–53. doi: 10.1016/0730-725X(89)90698-X

 15. Yoshimoto Y, Endo M, Mori T, Wakai S. Correlation between venous stump pressure and brain damage after cortical vein occlusion: an experimental study. J Neurosurg. (1997) 86:694–8. doi: 10.3171/jns.1997.86.4.0694

 16. Sakaki T, Kakizaki T, Takeshima T, Miyamoto K, Tsujimoto S. Importance of prevention of intravenous thrombosis and preservation of the venous collateral flow in bridging vein injury during surgery: an experimental study. Surg Neurol. (1995) 44:158–62. doi: 10.1016/0090-3019(95)00160-3

 17. Guppy KH, Origitano TC, Reichman OH, Segal S. Venous drainage of the inferolateral temporal lobe in relationship to transtemporal/transtentorial approaches to the cranial base. Neurosurgery. (1997) 41:615–9. doi: 10.1227/00006123-199709000-00021

 18. Merwarth HR. The syndrome of the rolandic vein: Hemiplegia of venous origin. Am J Surg. (1942) 56:526–44. doi: 10.1016/S0002-9610(42)90290-3

 19. Lüders H, editor. Epilepsy surgery. New York: Raven Press. (1992) p. 854.

 20. Di Chiro G. Angiographic patterns of cerebral convexity veins and superficial dural sinuses. Am J Roentgenol Radium Ther Nucl Med. (1962) 87:308–21.

 21. von Lanz T, Wachsmuth W. Praktische Anatomie: ein Lehr- und Hilfsbuch der anatomischen Grundlagen ärztlichen Handelns. Berlin Heidelberg New York Tokyo: Springer. (1985).

 22. Stephens RB, Stilwell DL. Arteries and veins of the human brain. Springfield, Ill: Thomas. (1969) p. 181.

 23. Seeger W. Atlas of topographical anatomy of the brain and surrounding structures for neurosurgeons, neuroradiologists, and neuropathologists. Wien New York: Springer-Verlag (1978) p. 544. doi: 10.1007/978-3-7091-7541-5

 24. Oka K, Rhoton AL, Barry M, Rodriguez R. Microsurgical anatomy of the superficial veins of the cerebrum. Neurosurgery. (1985) 17:711–48. doi: 10.1097/00006123-198511000-00003

 25. Quester R, Schröder R. The shrinkage of the human brain stem during formalin fixation and embedding in paraffin. J Neurosci Methods. (1997) 75:81–9. doi: 10.1016/S0165-0270(97)00050-2

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Tomasi, Umana, Scalia, Raudino, Graziano, Palmisciano, Priola, Cappai, Capone, Lawrence, Erös, Martin, Chaurasia, Maugeri, Iacopino, Da Ros, Lawton, Griessenauer and Winkler. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fsurg-08-817002-t001.jpg
Type |

Type

Type Il

Type IV

Type V

V. Trolard is the dominant vein.
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V. Labbé is the dominant vein.

The V. Trolard was not detected or showed no connection to the Sylvian veins or the V. Labbé.
The Sylvian vein group is dominant.
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The Sylvian vein group is very weak in this type, V. Trolard and V. Labbé are clearly present and
communicate indirectly via the Sylvian veins.

Direct connection of V. Trolard and V. Labbé bypassing the Sylvian vein group.
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Sylvian vein group, which s also present. However, there is a direct connection between them.
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