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BY PROF. NIKOLAY STEFANOV GABROVSKI, MD, PhD
Head of the Department of Neurosurgery, University Multiprofile Hospital for Active

Treatment and Emergency Medicine “N. L Pirogov”, Sofia

By Order No. R-717/08.06.2026 of the Rector of the Medical University — Plovdiv, I was
appointed a membet of the Scientific Jury for the procedure for the defense of a dissertation
for the award of the scientific degree “Doctor of Sciences” in the scientific specialty
“Neurosurgery™ to Prof. Ivo Inkov Kehayov, MD, PhD. At the first meeting of the Scientific
Jury, held on 19.06.2026, I was elected to prepare the review.

REGARDING: Dissertation of Prof. Ivo Inkov Kehayov, MD, PhD entitled: “Application of
intraoperative spinal navigation with O-arm in the treatment of spinal diseases in the thoracic
and lumbosacral spine” for the award of the scientific degree “Doctor of Sciences”,
professional field 7.1. Medicine, in the field of higher education 7. Health Care and Sports.
Specialty: 03.01.41. Neurosurgery.

The required documents have been prepared by the candidate and presented to me on an
electronic medium, in compliance with the requirements of the Law on the Development of the
Academic Staff in the Republic of Bulgaria (LDASRB) and the Regulations for the
Development of the Academic Staff at MU — Plovdiv.

BRIEF BIOGRAPHICAL DATA AND PROFESSIONAL DEVELOPMENT OF THE
CANDIDATE

Prof. Ivo Kehayov was born in 1980. In 1999, he completed secondary education with intensive
study of English and German in the city of Plovdiv with excellent results. In 2005, he graduated
from MU-Plovdiv with excellent results, obtaining the educational and qualification degree
“Master-physician”. During the period 2006-2011, he specialized in neurosurgery at the
University Hospital “St. George” — Plovdiv. Throughout his career, he has completed numerous

specializations in various clinical neurosurgery units in countries such as France, Croatia,
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Japan, Austria, Slovakia, the Netherlands, the Czech Republic, etc. In 2012, he acquired a

specialty in neurosurgery.
ACADEMIC DEVELOPMENT OF THE CANDIDATE

In 2012 he was appointed as an assistant in the Department of Neurosurgery at MU-Plovdiv.
In 2013, he obtained the educational and scientific degree “Doctor” after successfully
defending his dissertation entitled: “Follow-up of neurocognitive disorders and their impact on
quality of life in patients with supratentorial brain tumors”. In 2014, he was elected chief
assistant. In 2018, he acquired the academic position “Associate Professor”. In 2024, he was
awarded the academic position “Professor”. From 2020 to the present, Prof. Kehayov has been
Head of the Department of Neurosurgery at MU-Plovdiv. In 2024, he was elected a member of
the Academic Council of MU - Plovdiv. He has excellent written and spoken English. He has
basic knowledge of German and Russian. He is a member of: Bulgarian Medical Association,
The Management Board of the Bulgarian Society of Neurosurgery, In 2025, he was voted and
elected President-elect of the Bulgarian Society of Neurosurgery for the 2027-2029 term,
European Association of Neurosurgical Societies — individual member, AO Spine. Since 2021,
he has been a member of the state examination commission for acquiring a specialty in
neurosurgery. In 2017, he was awarded the Honorary Badge of the BMA, Regional Medical
College - Plovdiv

ANALYSIS OF THE CANDIDATE’S DISSERTATION RELEVANCE OF THE
TOPIC:

The presented dissertation examines a major and socially significant problem, namely
the contemporary surgical treatment of various diseases of the spinal column. According to
data from the World Health Organization (WHO), spinal diseases are the leading cause of
permanent disability and loss of working capacity worldwide, affecting more than 619 million
people, with projections indicating an increase to 843 million cases by 2050, i.e. approximately
10% of the Earth’s population. The treatment of spinal diseases and the disability associated
with them is also related to the expenditure of enormous financial resources, which place a

burden on the healthcare systems of countries around the world.

Contemporary surgical treatment of spinal diseases (neoplastic, traumatic, degenerative
and infectious) in a considerable number of cases requires the placement of various
stabilization systems in order to restore spinal stability and functionality, which is also

associated with improving the quality of life of operated patients. For this reason, new



technologies have begun to enter routine practice, such as CT-based spinal navigation with O-
arm, which aim to significantly increase the precision of procedures involving the placement
of various spinal implants such as pedicle screws, etc. In this respect, the presented dissertation
is extremely relevant. Prof. Kehaiov performed the first surgical intervention in Bulgaria using
O-arm spinal navigation at University Hospital “St. George” EAD - Plovdiv in 2015, and the
results were published in an indexed scientific journal and presented at a national conference
to the neurosurgical community. The 180 patients operated on using this method allow the
dissertation author to carry out a comprehensive analysis of the possibilities of the O-arm
navigation system in the treatment of neoplastic, traumatic, degenerative and inflammatory
spinal diseases. In this regard, the presented dissertation is novel for our country and is directly

relevant to the optimization of the surgical process.

MAIN PARAMETERS OF THE DISSERTATION:
It is written in an appropriate academic style and is correctly structured in accordance

with the requirements for such a work.

It comprises 178 pages with a consistent presentation of the introduction, literature
review, aim and objectives, material and methods, original results and discussion, conclusions
and contributions. Forty-three figures and S5 tables are used, which are original and clearly
illustrate the author’s theses. The literature review is current and comprehensive, containing
398 sources, of which 21 are in Cyrillic and 377 in Latin script. The volume and quality of the

clinical material are fully sufficient for this type of dissertation.
LITERATURE REVIEW, AIM AND OBJECTIVES

It demonstrates the candidate’s good theoretical preparation. Spanning 36 pages, it
examines the historical development of image-guided spinal surgery. The accurate presentation
of the contribution of Bulgarian spinal surgeons is also commendable. The advantages and
disadvantages, safety and applicability of image-navigated spinal surgery are examined in
detail. A major advantage of this type of navigation system, in addition to increasing the
precision of the instrumentation performed, is the significant reduction in radiation exposure

of the surgical team.

The aim is correctly formulated in accordance with the topic of the dissertation. There
are 8 objectives and they correctly follow the stated aim. The clinical material is substantial,

including 180 patients operated on at the Neurosurgery Clinic of University Hospital “St.



Georgi” —Plovdiv over a period of 7 years, who were selected according to clearly defined
inclusion and exclusion criteria. A total of 1286 navigated pedicle screws were implanted in
the thoracic, lumbar and sacral regions of the spinal column, which is evidence that Prof.
Kehaiov has accumulated extensive surgical experience with this technology. The indications
for surgical treatment were the presence of spinal neoplasms in 33 patients, infectious diseases
in 16, traumatic vertebral fractures in 41, while the most common indication was the presence

of degenerative spinal diseases — in 90 patients
ANALYSIS OF THE ORIGINAL RESULTS, DISCUSSION AND CONCLUSIONS

The dissertation author presented his results over 40 pages, consistently examining the
influence of certain factors on the number and accuracy of the implanted pedicle screws. The
following were analyzed: the epidemiology of patients with screws placed in the thoracic and
lumbar regions (frequency, sex, age, localization); the accuracy of the implanted pedicle screws
according to the Gertzbein-Robbins classification; the influence of the type of spinal diseases
on the accuracy of the placed screws; the influence of demographic indicators on the accuracy
of the placed pedicle screws; the influence of preoperative neurological status on the average
number of implanted screws in the different sections of the spinal column and their accuracy;
the influence of the treatment performed on treatment outcome and adverse events occurring

within 30 days after surgery

The discussion is comprehensive and is presented over 28 pages. The established results
are analyzed here, with the candidate correctly comparing them with those published in the
international literature. Here, for the first time, he establishes a statistically significant
probability of malpositioning of navigated pedicle screws in the thoracic region (Grade C —

Grade E), especially in the upper thoracic segment.

Other identified factors that also influence incorrect implantation of pedicle screws were:
the presence of secondary spinal neoplasms as a result of osteolysis and the adjuvant treatment
of the underlying disease; severe fractures and fracture-dislocations of the spinal column
causing pronounced deformity of the vertebrae, which changes spinal balance in all three
planes; destruction of the vertebral endplates and collapse of the intervertebral discs as a result
of spinal infection, which causes a more or less pronounced deformity of both the affected
segments and the adjacent segments; poorer preoperative neurological status due to advanced

bone changes resulting from primary and secondary spinal tumors and severe vertebral



fractures, altering normal anatomy; the difference in the size of the transverse and sagittal

diameters of the pedicles in men and women.

Prof. Kehayov achieved an acceptable average accuracy of 98.2% (Grade A+B) for the
implanted navigated pedicle screws. Navigated pedicle screws with perfect positioning (Grade
A only) numbered 1242 or 96.6%. Acceptable accuracy was higher in the lumbosacral region
—99.6% and lower in the thoracic region of the spinal column — 94.4%. The total number of
malpositioned pedicle screws requiring timely intraoperative correction and repositioning was
44. The author states that there were no neurological complications resulting from incorrectly
placed pedicle screws, with the majority of cases involving lateral penetrations. Prof. Kehayov
compares his results with those published in the literature in which intraoperative CT-based
spinal navigation (O-arm), as well as a navigated robotic system, was used. The average
accuracy of pedicle screw placement using O-arm spinal navigation is 96.4%, which is
evidence of the good results achieved by Prof. Kehaiov. When navigated robotic systems are
used, the cited accuracy is 98%, which shows that CT-assisted 3D navigation is equivalent in

terms of accuracy to robotic navigation.

The presented conclusions are 11, and they are correctly derived and correspond to the
set objectives. They provide valuable guidance to future surgeons in the use of three-

dimensional CT-based spinal navigation systems.

The stated contributions are 6, and they are original and predominantly of a scientific and
applied nature. Contributions No. 2 and No. 3 deserve particular attention, as they are evidence

of the innovativeness of the dissertation.

ANALYSIS OF THE CANDIDATE’S SCIENTOMETRIC INDICATORS
The scientometric indicators of Prof. Kehaiov for acquiring the scientific degree “Doctor
of Sciences” meet, and in some parameters exceed, the minimum required criteria. They are

summarized in the following table:

Requirements of the Regulations of | Submitted by Prof. Kehayov, MD, PhD
MU-Plovdiv
10 publications in Scopus and WoS 12 publications

5 publications with Impact factor 7  publications  with  Impact factor +
3 abstracts in a journal with Impact factor
5 publications as first author 8 publications as first author

100 points from publications Total: 188.75 points




150 points from citations in journals | 540 points from citations in journals indexed in
indexed in Scopus and WoS Scopus and WoS + 115 points from citations in
monographs, dissertations and non-referced journals
Total: 655 points

It is noteworthy that the candidate has published his own results in a journal indexed in a global

database, which will make them accessible to the community of spinal surgeons worldwide,

thereby strengthening the Bulgarian contribution in this scientific field.

CONCLUSION

I consider that the dissertation presented by Prof. Kehayov entitled: “Application of
intraoperative spinal navigation with O-arm in the treatment of spinal diseases in the thoracic
and lumbosacral sections of the spinal column™ is original for our country and reflects the
candidate’s substantial personal surgical experience with this type of navigation system. It also
presents and analyzes in detail the possibilities of modern technologies to improve the precision
of spinal interventions, thereby achieving better and safer results that positively affect the
quality of life of operated patients with spinal diseases.

The presented dissertation fully meets, and in some respects exceeds, the minimum
requirements of the Law on the Development of the Academic Staff in the Republic of
Bulgaria, as well as the Regulations of MU-Plovdiv. Based on the above, I give my positive
assessment and recommend to the esteemed Scientific Jury that Prof. Ivo Kehayov be awarded

the scientific degree “Doctor of Sciences” in the specialty “Neurosurgery”.
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Date: 13.08.2026 /\
Sofia Prof. Dr. Nikolay Gabrovski, MD, PhD



