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Abstract

Background: Several factors associated with interrupted andicuous suturing techniques affect
the quality of bypass anastomosis. It is diffid@ltdetermine the impact of these during surgery.
Thus, the primary study objective was to evaluatddrs with the potential to influence the quality
of bypass anastomosis using either interrupteaotimuous suturing. A secondary objective was to
evaluate the usefulness of a practical scale wloemparing interrupted and continuous suturing
techniques, in order to improve bypass anastomosis.

Method: Interrupted it = 100) and continuous & 100) suturing techniques were used in 200 end-
to-side bypasses to a depth of 3 cm and were askbgdive external neurosurgeons.

Results: Vessel closing timep(= < 0.001), stitch distributionp(= < 0.001), (intima-intima
attachment){ = < 0.001) and the size of the orifigg £ < 0.001) had a significant impact on the
quality of the bypass, irrespective of the suturteghnique used. The suturing technique used
(interrupted or continuous) and positioning of tkeipient vessel (vertical or horizontal) did not
significantly influence the quality of anastomositie highest statistical significance was attridute
to the large size of the orifice and intimal attaemt with regard to bypass quality using
multivariate analysis.

Conclusion: There were advantages and disadvantages to boftingutechniques. The scale was a

practical way of measuring and improving perforneanc



27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

Abbreviations:
Ch. Co. H: Chicken vessel continuous horizontal positioning

Ch. Co. V: Chicken vessel continuous vertical poisoning
Ch. In. H: Chicken vessel interrupted horizontal positioning
Ch. In .V: Chicken vessel interrupted vertical positioning
ClI: Confidence interval

OR: Odds ratio

ROC curve: Receiver Operating Characteristic curve.
TSIO: Time, Stitch, Intima, Orifice

Wt. Co. H: Wet tube continuous horizontal positioning

Wt. Co. V: Wet tube continuous vertical poisoning

Wt. In. H: Wet tube interrupted horizontal positioning

Wt. In. V: Wet tube interrupted vertical positioning

I ntroduction

Vital steps need to be taken to ensure the quafityascular anastomosis during bypass sur§éry.

It is critical to ensure that the time taken to mmise blood flow during the procedure is as brief a
possible as this is a significant source of stfesshe neurosurgedf'® and can impact on the
quality of suturing.

Several factors, including stitch-related leakag#ice and lumen stenosis, and contact between the
naked thread and the blood (with the potentialtfier development and stasis and thrombosis) can
impact on short- and long-term functioning of thyp#ss.

There is support for interrupted and continuousursng as both have advantages and
disadvantage¥"*’ The use of continuous suturing could reduce thatthn of the procedure. It is
likely that the extent of blood leakage is lesshvabntinuous than with interrupted suturing owing

to the exertion of compression circumferentiallypwéver, maintaining symmetrical distribution of

the sutures is challenging because the threadrésciséd. There is also the potential for the
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development of stenosis of the orifice and lumemgushis approach. The compromise between
increased stretching (which causes stenosis) awmdiced stretching (which causes loose
anastomosis and leakage) adds uncertainty to tbeegure. Ensuring intimal attachment and
preventing exposure of the thread or suture matersidde the lumen and direct contact with the
blood should be performed to prevent future stasid thrombosis. The inability to do this is a
disadvantage of continuous suturing. In order toy lthe thread inside the wall, it is necessary to
stretch it but this places the anastomotic orifitesk of stenosis.

An advantage of interrupted suturing in anastomigsibat it has higher possibility to achieve
intimal attachment by applying inverted techniquetlee anastomosis edges, and to prevent the
exposure of the thread to blood instle lumen. Most surgeons require extra time to detaghe
procedure as a result. Ensuring the equitableilolision of stitches can help to improve the quality
of anastomosisby facilitating a wider orifice and lack of conttabetween the thread and
bloodstream.

Technically, the quality of anastomosis during liss@rgery cannot be directly evaluated and is
usually assessed by indocyanine green (ICG), masayar Doppler, or intraoperative
angiography. However, this approach does not gteeahe physical and technical quality of the
bypass in the long-term. Furthermore, bypass suyrigehighly specialised, is not performed in
every day practice and cannot feasibly be taughhénoperating theatre. Therefore, mandatory
validation of the quality of anastomosis using labory and experimental testing is required.
End-to-side anastomosis, a microsurgical techniguthe most common bypass procedure that is
performed by neurosurgeons. Thus, the primary stobljgctive was to identify factors that
influence the quality of bypass anastomosis. A iséany objective was to evaluate the usefulness
of a practical scale in comparing interrupted aodtiouous suturing techniques, with the aim of

improving bypass anastomosis.
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Materials and M ethods

For the aim of this study, only end-to-side anastsisi was performed and the most common

superficial temporal artery to medial cerebral rtdypass was simulated. Two hundred

anastomosis procedures were carried out to a dafpth cm using interruptedn(= 100) and

continuous 1§ = 100) suturing. One-millimetre-wide vessels dedifrom chicken wingsn(= 100)

as well as 1-mm-wide wet tubes%£ 100) were used.

To simulate genuine surgical circumstances, thgieds were positioned vertically in half and

horizontally in the other half of cases. The eiglibgroups were:

Chicken vessel-derived bypass using interruptedrsigt and vertical positioning (Ch. In. Vix (
= 25).

Chicken vessel-derived bypass using interruptedrisigt and horizontal positioning (Ch. In. H)
(n=25).

Chicken vessel-derived bypass using continuousisgtand vertical poisoning (Ch. Co. W) (
= 25).

Chicken vessel-derived bypass using continuousisgtand horizontal positioning (Ch. Co. H)
(n=25).

Wet tube-based bypass using interrupted suturidgvartical positioning (Wt. In. V)n(= 25).
Wet tube-based bypass using interrupted suturimghamizontal positioning (Wt. In. H)n(=
25).

Wet tube-based bypass using continuous suturingaridal poisoning (Wt. Co. V)n(= 25).

Wet tube-based using continuous suturing and hetd@ositioning (Wt. Co. H)n(= 25).

There were 20 stitches per anastomosis. The ipiuand continuous sutures were made with a

10-0 microvascular suture needle (Muranaka Meditstruments, Tokyo, Japan), using a thread

cut to a length of 5-6 cm at the start of each bygaocedure. The suturing was performed in the
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same order, i.e., two hanging sutures on the axidé of the bypasses, followed by the application
of two additional hanging sutures to the middleboth sides to form a diamond shape (Figure 1,
Video 1). Two SuperBypa8{SB-1607) forceps (TAKAYAMA Instrument, Inc), aipaf scissors
(Kamayama), a YASARGIP Aesculap, Inc. Clip System (Aesculap) and two terapy clips
comprised the main surgical instruments used.

Webcam C930® (Logitech, Lausanne, Switzerland) was connectech&® microscope and a
MacBook Pr& (Apple Inc., Cupertino, USA). The video (720p widguality) was captured using
QuickTimée® (Apple Inc.) Suturing times were determined fréma video playback.

Five neurosurgeons from institutes outside of Fdlaach analysed 200 slides, in which two of the
best screen shots taken at the end of the bypassimatuded after the anastomosis procedure had
been performed and which highlighted the stitcHasqul outside and inside the lumen.

Initially, the practical scale was applied to assim® time taken to complete the anastomosis using
continuous and interrupted suturing, determinedgighe same approach as that used during real
surgery, i.e., using temporary clips (Figures 2 &ndrhe time taken for both techniques was
determined from the recorded video (that was ndaeel A score of O was given if the time taken

to complete the surgery togk20 minutes and a score of 1 was conferred ifok 020 minutes.

The distribution of stitches on the wall of the selswas the second factor that was assessed. A
score of 1 was given for the favourable and symigatdistribution of stitches and a score of 0 was
conferred for unfavorable distribution (Figure 4Ad B).

Thereafter, the impact of intimal attachment on di@lity of anastomosis was evaluated, judged
according to whether or not the thread could ba sesde the lumen. A score of 1 was awarded if
it could not be seen and a score of 0 if it cofidyre 5A and B).

Thereatfter, the size of the orifice was considefedcore of 1 was awarded if the orifice was equal
to or wider than the diameter of the recipient eessid a score of 0 was given if it was not (Figure

6A and B).
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The suturing technique (i.e., interrupted and cardus) used was also investigated as a key factor
with the potential to influence the quality of atwasosis, together with positioning of the recipient
vessel (vertical or horizontal) and the type of enal used (i.e., a wet tube or chicken wing vgssel
However, as the same distribution of materials wexed in both groups, a decision was taken to

exclude the latter as its impact was obvious ovwantipe difference in texture.

Statistical analysis

Statistical analysis was performed using StatistRackage for the Social ScienBegersion 24
(SPSS Inc., Chicago, USA). Pearson’s chi-squateates binary logistic regression were used to
predict the relationship between variables angptbposed scale. A probabili{p) value of < 0.050
was considered to be statistically significant. Wiald stepwise backward elimination procedures
in logistic regression were used with selectionaldes based on the magnitude of their probability
values (<0.1).

By comparing the area under the receiver operatmagacteristic (ROC) curves for the factors intiefato
the practical scale results, we evaluated the poiverediction for all variables. For the area un@®C, 0.5

is considered indifferent, while 1 indicates fubctimination.

Results

Of the 1500 cases, the evaluated factors in thes@6iples were stratified using a scale (Table 1) so
that a comparison could be made of the qualitynefliypasses achieved using the two techniques.

Detailed information about the 200 bypass procegusbown in Table 2.

As an experimental constructive procedure done uiyrimg, direct evaluation of perfection by

cutting the donor close to the orifice and exantime quality based on observation helped us in
introducing the relevant elements of what we coergd a good or failure bypass. Studying
considerable number of our experimental bypassgsosted the observation. We analyzed hundred
cases in term of better construction anastomosis.multivariable logistic model was constructed

to test the association of combined predictor e with the better construction. A simple
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practical scale was developed from the data whichlined vessel closing time, distribution of the
stitches, size of the orifice, and intima- intinttaehment. We constructed a practical scale, which
include only statistically significant variablesiRts were assigned for time of closing the vessels
size of the orifice compared by the size of thepieat, symmetric distribution of the stitches, and
intima-intima attached judged by not seeing thedtrinside the lumen. The grade range from | to
IV. A good bypass had higher grade (111& 1V). Graldell considered unfavorable (Tablel1&2). A
significant difference between the use of interedpdr continuous suturing was not demonstrated in

the current study with respect to the impact dieziton the quality of anastomosis.

The relationship between the individual factors #relsuturing technique used is depicted in Table
3.
For favorable bypass outcome, significant factoesenintima-intima attachmen® = <0.001; OR

31.8, and large orifice siz® £ <0.001; OR 55.30) (Table 4).

Discussion

The quality of the stitching is an important factorevaluate when seeking to determine the quality
of the anastomosis. It is important to perform lalbary testing as the surgical expertise of
neurosurgeons derives from experimental trainirgytachnical preparation. Many factors with the
potential to impact on the quality of the anastoieannot be evaluated directly during surgery in
the operating theatre. A simple and experimentafiplicable grading system that is designed to
predict the quality and ability of the anastomasisendure is proposed. The bypass should be
graded according to time taken to perform the amassis, the distribution of the stitches, intimal
attachment and the size of the orifice. lIdeally,aaastomosis bypass should be completed within
20 minutes, the stitches should be symmetricalylshi@ature initial attachment and a wide orifice
(Video 1)%'° The retrospective application of this gradingesok to a series of experimental
bypass procedures was shown to accurately refleafjiality of anastomoses. The application of a

standardised grading scheme would enable a coropates be made of the results of various
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experimental bypass surgery training programmeshataeen different surgical techniques, and
would also assist with the development of handemgedination.

Four variables (TSIO) were identified as usefulifarlusion in the practical scale employed in the
current study to analyse 200 experimental endde-diypasses. The scale was simple to use
(involving an easy scoring system), was easily iadpand was predictive of anastomosis quality.
The area under the ROC curve for wag0 for intima-intima attached, and for wide ori@~igure

7).

A significant difference between the use of intpted or continuous suturing was not demonstrated
in the current study with respect to the impactegher on the quality of anastomosis. This

elucidates why both techniques are used by nelgesos> ™

The time taken to perform the bypass

Ensuring that the vessel is closed timeously iryabs procedure is stressful for the surgeon as
delays are associated with adverse brain effeabsveMer, the performance and quality of the
bypass are more relevant than stitching the vesa#im the stipulated timeframe (of 20 minutes).
However, the time taken to do so is used as a meaagainst which the speed at which

improvement takes places is determined in traiftrig.

Actions that do not fulfil their objective and time taken to perform the bypass

Actions that do not achieve their objective consuime and, more importantly, disturb eye-hand
orientation, the flexibility of the surgeon and fsenfidence’ 3?32 Although time is always
measured during a bypass procedure, it is diffitoltquantify the most optimal cut-off. The
criterion of speed is not as important as the aemeent of speed in combination with the other

evaluated factors, i.e., achieving a score of Ictompleting the procedure 120 minutes is more
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valuable when integrated with the other importaiteda. Completing the procedure within20
minutes impacted on the technical ability learncugve. In the current study, the procedure was
completed quicker using continuous rather thanrinpted suturing (a mean of 16.3 minutes vs.

19.9 minutes, respectively) (Figures 5 and 6).

Distribution of the stitches

The distribution of the stitches was somewhat mtatiie using the scale. Knotting each stitch in
place, one at a time, using interrupted suturinigpdee with the equitable distribution of stitches
along the vessel wall. Furthermore, the relatigmdtetween the donor and recipient vessel was
established from the first two stitches and wastaaned with the addition of each stitch (Video 1,
Figure 1 A and B). By contrast, tightening the lapiral suture and stretch suturing run, as veell a
overtightening the end before tying to close thp batween the two edges to prevent leakage,
alters the relationship between the stitches orh sades. Neurosurgeons who use continuous
suturing tend to apply an excess of stitches tadakeakage at the end. However, they also take
more time to carefully tighten each stitch in platethe end which can improve stitch matching
between the donor and the recipient vessel. Additichallenges of this technique occur when a
broken suture is inserted in the middle of a camdurs suture line which requires extra work to
repair or when the wall tears, leaving a gap tlestds to be fixed at the end using extra interrupted

stitches.

I ntimal attachment

Ensuring intimal attachment is vital but cannotevaluated during real-life surgery. The goal is to
make sure that the thread is embedded inside teelwall, i.e., cannot be seen. This could have
long-term consequences. For example, stasis aathbasis can result from direct contact between

the suture material and the blo@d® This factor can only be assessed in an experimbppass.
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On completion of the procedure, the donor vessal ihcut close to the suture line. The inside of
the lumen is then examined to determine if thedthrean be seen in any of the stitches (Video 1,
Figure 2 B). The walls of the vessels have to diig (invert technique) to achieve Intima-intima
tight attachment, which is the goal so that thedldris not visible inside the lumen. Following an
evaluation of several bypass surgeries and availalterials, it was found in the current study that
interrupted suturing was able to successfully aghiatimal attachment without scarifying the size

of the orifice.

Orificesize

It is possible to estimate the size of the orificeing real-life surgery. Blood flow through it cae
gauged using ICG, microvascular Doppler imagingntnaoperative angiography. Nevertheless, it
cannot determine the real size of the bypass opdoirifice). Being assured of the dimensions of
the orifice in relation to the diameter of the \a#ss a good approach to ensuring the future sscces
of anastomosis. Our data showed a correlation leetvlee surgical technique and the size of the
orifice. It was convenient to apply a “tent constron technique” (Video 1) using interrupted
suturing by starting at the donor vessel and movmghe recipient vessel. An association was

observed between the distribution of stitchesmmatiattachment and orifice size.

Use of the proposed practical scale

The technical difficulties of performing individubypasses were highlighted by the proposed scale.
Virtually all of them were completed without mucHfidulty using training of a reasonable level.
However, greater attention and extra time was akeuired to effect wet tube and axis positioning
of the recipient vessels.

This scale was designed to predict the outcome r&faklife bypass, based on the level of skill

executed during experimental anastomosis. Labograesting is accepted as the gold standard

10
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when performing a bypass as it is the only mearestimating surgical ability and the risk of real-
life anastomosis failing: Repeating the anastomosis is adding extra diffidol the procedure, and
most of the patients suffer a stroke or worseniagralogical deficits in short tine:?®

Unfit bypass also fail to provide protection frombsequent complicatiorf8.Even in cases where
intraoperative patency of the anastomosis has lnonstrated, there is no assurance that
occlusion will not occur in the future. In such essthe potential for delayed occlusion of the
bypass exists.

The proposed grading scale can be applied to diftelypes of anastomosis; i.e., end-to-side, side-
to-side and end-to-end. However, it is quite pdssibat this scale will not accurately predict the
results of these three types of anastomosis addime level as the related techniques differ among
them and among neurosurgeons.

To improve performance based on the identifiedof@gtseveral recommendations are offered
regarding the development of hand skills, the redn@f unnecessary actions and the achievement
of stress free performance (Video 1).

The prospective application of this grading scalexperimental bypass anastomosis is currently
being considered. If this scale, is in its simjicis capable of predicting anastomosis quality in
other training-based studies, it will be usefulltwy an evaluation of anastomosis quality, with a

view to improving performance in real-life bypasses

Limitations

There were some limitations to the current studlycould be argued that consensus as to good
distribution of the stitches is subjective. Howeuwbe same procedures were performed for all cases
by the same reviewers and the same images wereusgey the same magnification. Greater

objectivity was possible when evaluating whethenair the thread could be seen inside the lumen

11
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and when determining the orifice diameter agaimstvessel diameter. Nevertheless, consensus was
reached in this regard, and for all of the facttwsthe vast majority of samples.

Theoretically, the use of one neurosurgeon cowe ladfected the ability to generalise the findings.
However, this was necessitated by the study aim thedneed to develop a scale in order to

decrease any confounding factors.

Conclusion

The study demonstrates the applicability of thectical scale for measuring and improving the
performance. It provides opportunities for trainéesacquire and practice their skill in close to
realistic environment.

The two main suture techniques (continuous andrumqéed) showed similar final result according

to our scale, however with a different distributmiithe related factors.
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Figureslegend

Figure 1. Diamond shape. Four basic stiches. The 4 baywarrepresents the one anchoring stitch
and one heel stitch, and the two sides (wingrstg. The direction of the small arrows
demonstrates the direction of stitching to achieide orifice (principle of tent design) and intima-

intima attachment.

Figure 2. Frequencies of the consumed time in interruptédrsg technique in 100 bypasses.

Figure 3. Frequencies of the consumed time in continuotigisg technique in 100 bypasses.

Figure4A. Good distribution of the stiches.

Figure4B. Bad distribution of the stitches.

Figure5A. No thread can be seen inside the lumen (pdrfeota-intima attach).

Figure5B. Thread is seen inside the lumen.

Figure 6A. Wide base of the bypass (good orifice).

Figure 6B. Narrow base of the bypass (narrow orifice).
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Figure 7. The result of the test of the Area Under the CumviErrupted or continuous 0.500,
positioning of the recipient 0.553, closing (timensumed) 0.677, quality of stitches distance and
distributing 0.683, not seeing the thread insiadedn 0.837, wide of the orifice 0.720.

Reference line (interrupted light green), interagobr continuous (light blue overlapping over the
reference line), Positioning of the recipient (gnee€onsuming closing time (blue), distributing of

the stitches (purple), Orifice size (red), andmaiintima attachment (black).

Table Legend
Table 1.
Grades = [Time consuming<20 minutes] + [good disiting of stitches] + [not seeing the threat

inside lumen] + [wide of the orifice] (TSIO).

Practical Scale (TSIO) for bypass training. Thet lsesre is 4. One point for closing time less than
20 minutes. For the quality of the procedure; oni@tfor good distributing of the stitches, one
point for intima to intima contact (no thread igsglooking inside the lumen, and one point for

having orifice equal / or wider than the diametethe vessel.

Table 2.

Characteristics of the anastomosis: Related infoaomaf bypass anastomosis in 200 recorded
samples. The scoring result using the PracticdeSEavorable result considered when the grade

score is Ill or IV.

Table 3.

Gross analysis between the surgical technique auative result of the survey for the four

elements of the practical scale.

Table4.

Factors significantly associated with favorablecoute in multiple logistic regression model (Wald

stepwise backward model)

14



372

373

374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Refereces

Abla AA, Lawton MT. Revascularization for unclippable posterior inferior cerebellar artery
aneurysms: extracranial-intracranial or intracranial-intracranial bypass? World neurosurgery.
2014;82(5):586-588.

Eivazi S, Hafez A, Fuhl W, et al. Optimal eye movement strategies: a comparison of neurosurgeons
gaze patterns when using a surgical microscope. Acta neurochirurgica. 2017;159(6):959-966.

Hafez A, Raj R, Lawton MT, Niemela M. Simple training tricks for mastering and taming bypass
procedures in neurosurgery. Surgical neurology international. 2017;8:295.

Harada K, Morita A, Minakawa Y, et al. Assessing Microneurosurgical Skill with Medico-Engineering
Technology. World neurosurgery. 2015;84(4):964-971.

Higurashi M, Qian Y, Zecca M, Park YK, Umezu M, Morgan MK. Surgical training technology for
cerebrovascular anastomosis. Journal of clinical neuroscience : official journal of the Neurosurgical
Society of Australasia. 2014;21(4):554-558.

Hino A. Training in microvascular surgery using a chicken wing artery. Neurosurgery.
2003;52(6):1495-1497; discussion 1497-1498.

Indo M, Tsutsumi K, Shin M. The practice of knots untying technique using a 10-0 nylon suture and
gauze to cope with technical difficulties of microvascular anastomosis. World neurosurgery.
2011;75(1):87-89.

Russell SM, Post N, Jafar JJ. Revascularizing the upper basilar circulation with saphenous vein grafts:
operative technique and lessons learned. Surgical neurology. 2006;66(3):285-297.

van der Zwan A. "How | Do It:" Non-occlusive High Flow Bypass Surgery. Acta neurochirurgica.
Supplement. 2014;119:71-76.

Yadav YR, Parihar V, Ratre S, Kher Y, Igbal M. Microneurosurgical Skills Training. Journal of
neurological surgery. Part A, Central European neurosurgery. 2016;77(2):146-154.

Arnone GD, Hage ZA, Charbel FT. Side-to-Side and End-to-Side Double Anastomosis Using the
Parietal-Branch of the Superficial Temporal Artery-A Novel Technique for Extracranial to
Intracranial Bypass Surgery: 3-Dimensional Operative Video. Operative neurosurgery. 2018.
Burkhardt JK, Winklhofer S, Fierstra J, et al. Emergency Extracranial-Intracranial Bypass to
Revascularize Salvageable Brain Tissue in Acute Ischemic Stroke Patients. World neurosurgery.
2018;109:e476-e485.

Huotarinen A, Niemela M, Hafez A. The impact of neurosurgical procedure on cognitive resources:
Results of bypass training. Surgical neurology international. 2018;9:71.

Rennert RC, Strickland BA, Radwanski RE, Ravina K, Chien M, Russin JJ. Running-to-Interrupted
Microsuture Technique for Vascular Bypass. Operative neurosurgery. 2017.

Alghoul MS, Gordon CR, Yetman R, et al. From simple interrupted to complex spiral: a systematic
review of various suture techniques for microvascular anastomoses. Microsurgery. 2011;31(1):72-
80.

Chen L, Chiu DT. Spiral interrupted suturing technique for microvascular anastomosis: a
comparative study. Microsurgery. 1986;7(2):72-78.

Morris DJ, Pribaz JJ. The interrupted-continuous microsurgical suture technique. Microsurgery.
1992;13(2):103-105.

Mokhtari P, Tayebi Meybodi A, Lawton MT, Payman A, Benet A. Transfer of Learning from
Practicing Microvascular Anastomosis on Silastic Tubes to Rat Abdominal Aorta. World
neurosurgery. 2017;108:230-235.

Barros RSM, Leal RA, Teixeira RKC, et al. Continuous versus interrupted suture technique in
microvascular anastomosis in rats. Acta cirurgica brasileira. 2017;32(9):691-696.

15



421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444

445

446

447

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Smith AF, Mahajan RP. National critical incident reporting: improving patient safety. British journal
of anaesthesia. 2009;103(5):623-625.

Aboud E, Al-Mefty O, Yasargil MG. New laboratory model for neurosurgical training that simulates
live surgery. Journal of neurosurgery. 2002;97(6):1367-1372.

Aboud E, Aboud G, Al-Mefty O, et al. "Live cadavers" for training in the management of
intraoperative aneurysmal rupture. Journal of neurosurgery. 2015;123(5):1339-1346.

Hernesniemi J, Niemela M, Karatas A, et al. Some collected principles of microneurosurgery: simple
and fast, while preserving normal anatomy: a review. Surgical neurology. 2005;64(3):195-200.
Wanzel KR, Hamstra SJ, Anastakis DJ, Matsumoto ED, Cusimano MD. Effect of visual-spatial ability
on learning of spatially-complex surgical skills. Lancet. 2002;359(9302):230-231.

Anderson DA, Burton DB, Parker JD, Godding PR. A confirmatory factor analysis of the cognitive
capacity screening examination in a clinical sample. The International journal of neuroscience.
2001;111(3-4):221-233.

Wain RA, Hammond D, McPhillips M, Whitty JP, Ahmed W. Microarterial anastomoses: A
parameterised computational study examining the effect of suture position on intravascular blood
flow. Microvascular research. 2016;105:141-148.

Group EIBS. Failure of extracranial-intracranial arterial bypass to reduce the risk of ischemic stroke.
Results of an international randomized trial. The New England journal of medicine.
1985;313(19):1191-1200.

Yoon S, Burkhardt JK, Lawton MT. Long-term patency in cerebral revascularization surgery: an
analysis of a consecutive series of 430 bypasses. Journal of neurosurgery. 2018:1-8.

Kazumata K, Uchino H, Tokairin K, et al. Cerebral Hyperperfusion Syndrome After Revascularization
Surgery in Moyamoya Disease: Region-Symptom Mapping and Estimating a Critical Threshold.
World neurosurgery. 2018;114:e388-e395.

16



Table 1.

Practical Scalefor evaluating the quality of the anastomosis

Consuming Time for (20 stitchesin 1mm vessel) Points
<20 min 1
>20 min 0
Good distributing of the stitches
Yes 1
No 0
Thread hidden inside the lumen (intima to intima contact)
Yes 1
No 0
width of theorifice ( equal or wider than the diameter of the vessel)
Yes 1

No




Table 2. Characteristics of the anastomosis

Characteristics of the sample and Score Result of 200 training bypasses according to the Practical Scale

100 bypasses on wet tube
( 1mm tube, 20 stitches)

100 bypasses on chicken wing

(1 mm vessel, 20 stitches)

Interrupted stitches | Continuous stitches (50) Interrupted stitches (50) Continuous stitches (50)
(50)
Vertical | Horizontal | Vertical Horizontal Vertical Horizontal Vertical Horizontal
Recipien | Recipient Recipient Recipient Recipient Recipient Recipient Recipient
t(25) % | (25) % (25)% (25)% (25)% (25)% (25)% (25)%
Timefor (20 stitchesin 1mm vessel)
>20 m 13(52%) 12(48%) 1(4%) 0 6 (24%) 7 (28%) 0 0
<20m | 12(48%) | 13(52%) 24 (96%) 25 (100%) 19 (76%) 18 (72%) 25(100%) | 25(100%)
Good distributing of the stitches
Yes 18 (72%) | 21 (84%) 17 (68%) 19 (76%) 100 23 (92%) 19 (76%) 17(64%)
100%
No 7 (28%) 4 (16%) 8 (32%) 6 (24%) ( 0 : 2 (8%) 6 (24%) 8 (32%)
Thread hidden (intima to intima attached)
Yes 13 (52%) | 18 (72%) 9 (36%) 16 (64%) 17 (68%) 20 (80%) 21 (84%) 19 (76%)
No 12 (48%) 7 (28%) 16 (64%) 9 (36%) 8 (32%) 5 (20%) 4 (16%) 6 (24%)
Size of the orifice ( equal or wider than the diameter of the vesseal)
Yes 23(92%) | 24 (96%) 16 (64%) 19 (76%) 24 (96%) 25 (100%) 23 (92%) 20 (80%)
No 2 (8%) 1 (4%) 9 (36%) 6 (24%) 1(4%) 0 2(8%) 5 (20%)
The Scor e according to the Practical Scale
v 6 (24%) 7 (28%) 6 (24%) 12 (48%) 13(52%) 16 (64%) 15 (60%) 13 (48%)
[l 8(32%) 12 (48%) 7 (28%) 7(28%) 9 (36%) 5 (20%) 5(20%) 7(32%)
1 7(28%) 5(20%) 9(36%) 4 (16%) 3(12%) 3 (12%) 1(4%) 3(4%)
I 4(12%) 1(4%) 3(8%) 2(8%) 0 1 (4%) o* 2
Estimated good outcome (111&1V)
&IV | 14(56%) \ 19 (76%) \ 13 (52%) | 19 (76%) \ 22 (88%) \ 21 (84%) \ 20 (80%) | 20 (80%)

*Few cases (less than 5%) where two or more of five of the observers could not give definite

evauation for certain elements from the figures. In these cases the judgment was done by going

back to the recorded video




Table 3.

Negative findings and percentage of 200 bypass procedure

Closing time >20

Bad distribution

Thread inside the

Orifice narrower than

min of the stitches lumen the vessel
Number of cases 39 (19%) 41 (21%) 67 (34%) 26 (13%)
interrupted stitch 38 (97%) 13 (32%) 32 (48%) 4 (15%)
Continuous stitch 1 (3%) 28 (68%) 35 (52%) 22 (85%)




Table4.

Factor P value OR 95 % ClI
I ntima-I ntima Attachment <0.001 31.82 10.30- 98.28
large Orifice Size <0.001 55.30 10.94- 279.68

OR = Odds ratio, Cl = Confidenceinterval.
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Highlights:

1- The quality of the stitching is an important to determine the quality of the anastomosis.

2- Many factors with the potential to impact on the quality of the anastomosis cannot be evaluated
directly during surgery in the operating theatre.

3- Four variables (TSIO) were identified.

4- A simple and experimentally applicable grading system that is designed to predict the quality and
ability of the anastomosis to endure is proposed.



