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Professional and ethical approaches to characterize complications in
elective spinal neurosurgery. Never events in lumbar discectomy
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Any surgical intervention is associated with the possible development of
complications. Surgical complications are traditionally an unpopular topic for
discussion, but in recent decades they have received increased attention,
due to both medical and economic factors. This review discusses the general
concepts that characterize the negative consequences of surgical interventions
in spinal neurosurgery: complications, adverse events, sentinel events, never
events, collateral adverse outcomes. Classifications are given that allow
systematizing these negative phenomena.

Surgical treatment of the lumbar disk herniation is the most frequently
performed spinal surgery. The true number of lumbar discectomies is difficult to
estimate because this procedure is often not an isolated surgical intervention,
but a step in a larger one. Being a routine surgical procedure, discectomy,
performed in one or another way depending on the preferences of the surgeon
and available equipment, is characterized by a rather low relative frequency of
adverse events and complications compared to other types of spinal surgery.
However, due to the significant number of interventions, the absolute figures
may present a medical and economic problem. Most authors refer to the
classic triad of “wrong level, wrong side, wrong patient” and foreign bodies
in the area of surgical intervention as obvious medical errors. Damage to the
intestine or peritoneum, trauma to the great vessels and trauma to the nerve
roots are considered serious complications, but not always medical errors.
The other most commonly reported adverse events of lumbar discectomy are
durotomy, neurological complications, surgical wound complications, recurrent
disc herniation, and reoperation.

Until now, no clear classification of the negative consequences of lumbar
discectomy, which would allow to verify the relationship between intraoperative
adverse events (both surgical and anesthetic) and postoperative complications
has been developed. In addition, it is extremely difficult, based on the criteria
available in the literature, to identify a medical error in a number of iatrogenic
complications, which requires further comprehensive study of the problem,
since it has not only medical, but also legal consequences.
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Introduction

will never happen again." This approach largely limits

There is no room for error in modern medicine,
according to the public. While recognizing the fact
that "doctors are only human", every patient has an
expectation of perfection, sincerely believing in modern
treatment methods which are widely advertised and
based on technological innovations and highly accurate
laboratory tests. Patients who have an obvious need to
see their doctors as infallible with the tacit consent of
the latter, subconsciously deny the very existence of an
error or complication. Accordingly, any serious deviation
from the expected outcome of the treatment performed,
actually or hypothetically due to the doctor's actions,
is regarded as an anomaly. And the solution to such a
problem is usually to identify the culprit and through the
imposition of certain penalties to get a promise that "it

the systematic changes that can reduce the number of
errors and complications [1]. The analysis of errors and
complications caused by certain medical procedures
and manipulations remains an extremely unpopular and,
therefore, less covered topic, amidst a vast amount of
accumulated and systematized clinical material.
Progressively growing demand for medical services,
and increasing costs caused by the introduction of more
efficient and high-cost diagnostic and treatment methods
in practical health care, with actually limited resources,
as well as obvious differences in tactical approaches to
the therapy of a particular nosology, registered within
groups of specialists, have determined the need to
evaluate and improve the quality of medical care [2].
Current trends in the availability and openness of
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information allow patients and payers (public or private
insurance companies) to reasonably demand objective
and reliable outcome treatment data to assess both the
quality of therapy and the cost of medical care [3, 4]. For
a meaningful evaluation, such data should be obtained
in a standardized and reproducible way, allowing
comparisons between different medical institutions and
treatment methods, as well as within the same centre
over different periods [5, 6]. Health care policies in most
developed countries indicate that the availability of data
for comparing the performance of certain hospitals and
physicians is a powerful market tool to achieve cost
reduction while simultaneously improving quality [2, 7].

Complications in surgical practice

In the medical environment, there has long been
a policy, if not of denying, then at least of keeping
certain adverse effects of treatment quiet. This has led
to the transfer of the initiative to analyse and propose
methods for reducing the incidence of errors and
complications to health care professionals - who, in
most cases, are not directly involved in the treatment
and diagnostic process [8]. This explains the tendency
in recent decades to replace the classic medical term
"complication" with the broader concept of "adverse
event (AE)". At the same time, complications are defined
as "a pathological process or event occurring during a
disease, is not a mandatory component of this disease,
but can be either its consequence or the consequence
of the action of independent factors" [9]. An adverse
event is a broader concept, as it does not always
lead to a complication. Adverse events are defined as
episodes that can affect the outcome of the disease,
additional surgery, manipulations, diagnostic tests, or
increased duration of follow-up [10]. Thus, AEs increase
the duration and/or cost of disease treatment without
necessarily resulting in adverse patient outcomes.
Regarding spinal surgery, an AE is any unexpected or
undesirable event that occurs during or as a result of
spinal surgery, whereas a complication is an illness or
disorder that, due to the surgery, will negatively affect
the patient's treatment outcome. According to several
studies, AEs have been reported in about 14% of cases
of spinal surgical interventions, of which 76.5% did not
result in complications [11].

Considering the concept of AE, one should mention
the term "never events", first proposed in 2001 by K.W.
Kizer, former chief executive officer of the National
Quality Forum, to describe particularly gross medical
errors that should never be made. Subsequently, the list
of "never events" was expanded. Currently, it includes
adverse events that are unambigous, i.e. not susceptible
to interpretation of the causal relationship, serious and
mostly avoidable [12].

In October 2007, Centers for Medicare & Medicaid
Services (CMS), a federal agency within the US
Department of Health and Human Services, required all
medical facilities to report both primary and secondary
diagnoses when applying for reimbursement for patient
care. Since 2008, CMS has defined a list of in-hospital
"never events" for spinal surgery - serious in-hospital
diseases, the costs of which are not reimbursed [13].
These include the presence of foreign bodies in the
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surgical wound, air embolism, incompatible blood
transfusions, grade III and IV bedsores, falls and
injuries, clinical manifestations of impaired glycemic
control, catheter-associated urinary tract infection,
catheter-associated bloodstream infections, infectious-
inflammatory complications of postoperative wound. In
fact, CMS has imposed limits on reimbursement for the
treatment of specified AEs. Financial responsibility is
supposed to fall on hospitals and health care providers,
not on insurance companies [14]. The concept of "never
events" also exists in other countries [15].

There are adverse effects that are expected results
of certain procedures and therefore do not require
further evaluation or treatment in most patients. Such
adverse outcomes should be considered treatment-
specific and therefore do not meet the definition of a
complication or AEs. Collateral adverse outcomes (CAO)
are not the result of mistakes. They are registered
frequently. In fact, CAO is a compromise in achieving
the intended benefits of surgical intervention. Examples
of CAO in lumbar spine surgery can be range of motion
limitation, postoperative psychological stress, feeling
of numbness in the surgical access area, postoperative
pain, paravertebral muscles denervation, degeneration
of adjacent levels [16]. Planning any surgical intervention
involves an assessment of the ratio of the potential
benefits of the chosen treatment option to risk of CAO
and AE.

One of the first known attempts to systematise all
surgical complications was made only in 1992 [17]. A
group of researchers headed by P.-A. Clavien suggested
classifying adverse outcomes by differentiating
complications (unexpected events not specific to the
surgical procedure), sequelae (adverse effects specific to
the procedure), and failures (events in which the goal of
the procedure is not achieved). Four degrees of surgical
complications are distinguished:

e Grade I is a deviation from the ideal postoperative
course that is not life-threatening and does not result
in permanent disability. Complications of this degree
require only bedside procedures and do not significantly
increase the length of hospital stay;

e Grade II - potentially life-threatening complications,
but without persistent residual functional impairment;

e Grade III is a complication with residual disability,
in particular resection of organs or preservation of life-
threatening conditions;

e Grade IV is a fatal consequence caused by
complications.

In 2004, this classification was revised and
modified by D. Dindo et al. [18]. For a long time
before the development of highly specialized tools,
the option suggested by the authors was actually
the standard for ranking complications of all surgical
interventions [19, 20] (Table 1).

The progressive strengthening of standards of
providing medical care and financial costs control has
necessiated not only the recording of complications,
but also the search for causal relationships between the
actions of medical staff and the negative consequences
of treatment. This requires narrowly focused assessment
tools that take nosological specifics into account. One
of the first attempts at internal quality control and
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systematization of complications in neurosurgical
practice was made at the University of Heidelberg in
2001 [21]. The authors identified 3 main classes of
complications:

1) neurosurgical complications are those that
occurred in the postoperative period and are not
characteristic of the natural course of the disease,
technically correctly performed surgery, and the normal
postoperative period (20 subclasses);

2) complications of the course of neurosurgical
pathology are complications due to the specificity and
localization of the pathological process (14 subclasses);

3) somatic complications are non-surgical
complications that require additional diagnosis and/or
follow-up treatment (13 subclasses).

In 2006, Y.R. Rampersaud et al. proposed a grading
system for postoperative complications in spinal surgery
depending on the length of hospital stay and the
presence of consequences for the patient [11]:

0 - no postoperative complications;

I - minor complications: do not require treatment
or require minimal treatment, do not affect the length
of hospital stay or increase it by no more than 1 day;

IT - moderate complications: require treatment,
increase the length of hospital stay by 2-7 days and/or
have no long-term (more than 6 months) consequences;

ITII - significant complications: require intensive
treatment, increase the length of hospital stay by 7 days
and/or have long-term consequences;

IV - death.

One of the most logical and consistent, in our
opinion, AE grading systems in neurosurgical practice is
the scheme proposed in 2009 by K. Houkin et al. [22].
They classified all AEs according to three criteria: 1)
procedure-related, 2) predictability of the event, and
3) AE avoidability. Five types of adverse events are
identified (Fig. 1). Thus, type I events are not related to
the procedure and are incidental events occurring in the
perioperative period. Type II events are related to the
procedure but are unpredictable even in retrospective
analysis. Events referring to types III-V are predictable
and related to the procedure. Although type III events

are predictable, they cannot be avoided, while type IV
events are preventable. For type IV events, a different
procedure may be recommended in retrospective
analysis to avoid adverse events. However, no clear error
is found in these events, whereas type V AEs are events
that are clearly the result of negligence or human error.

The analysis of the given scheme gives grounds for
a number of non-obvious conclusions. Thus, all adverse
events classified as type II-V are iatrogenic, but medical
errors account for only a small part of them. Not all of the
anticipated adverse events associated with a particular
manipulation, as well as prevention of complications,
should be considered a medical error. It is natural that
the assessment of predictability and the possibility of
preventing a complication requires a complex approach
and in many cases is challenging, since the same AE
arising from a particular type of surgical intervention
for a certain disease, depending on the characteristics
of the patient, may differ in both predictability, and by
the possibility of avoiding it.

The most up-to-date, according to our data, scheme
for systematization of adverse events in spinal surgery
is the Spinal Adverse Events Severity System, version
2 (SAVES-V2) [23]. The authors suggested dividing AEs
into intraoperative and postoperative.

Intraoperative AEs categories:

. Allergic reaction.

. AEs anesthesia related.

. Dislocation of a bone implant requiring revision.
. Cardiac AEs.

. Spinal cord injury.

. Dural tear.

. Hardware malposition requiring revision.

. Hypotension (systemic <85 mm Hg for =15 min)
. Massive blood loss (>5 Lin 24 hrsor >2 Lin 3 hrs).
10. Nerve root injury.

11. Bedsores.

12. Great vessel injury.

13. AEs related to airway/pulmonary ventilation.
14. Visceral injury.

15. Other.

Postoperative AEs categories:

O oONOOULEA, WNF

Table 1. Classification of surgical complications (D. Dindo et al., 2004) [18]

Grade I Any deviation from the normal postoperative course without the need for pharmacological
treatment or surgical, endoscopic and radiological interventions. Allowed drugs are
antiemetics and antipyretics, analgetics, diuretics, electrolytes, and physiotherapy. This grade
includes also wound infections opened at the bedside

Grade I1 Deviations from the normal course of the postoperative period, requiring pharmacotherapy
with drugs other than those allowed for grade I complications, as well as transfusion of blood
components and total parenteral nutrition

Grade III Complications requiring surgical, particularly endoscopic or radiological intervention

IIla Intervention not under general anesthesia
IIIb Intervention under general anesthesia
Grade IV A life-threatening complication requiring ICU management
IVa Single organ dysfunction (including dialysis)
Ivb Multiorgan dysfunction
Grade V Death of a patient
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Fig. 1. Algorithm for determining the type of adverse
event in neurosurgical practice (according to K. Houkin
et al., 2009 [22])

. Cardiac arrest/heart failure/arrhythmia.

. Construct failure with loss of correction.

. Construct failure without loss of correction.
. CSF leak/meningocele.

. Deep vein thrombosis.

. Deep wound infection.

. Delirium.

. Dysphagia.

. Dysphonia.

10. Gastrointestinal bleeding.

11. Hematoma.

12. Myocardial infarction.

13. Neurologic deterioration =1 motor grade in the
ASIA scale.

14. Nonunion.

15. Pneumonia.

16. Postoperative neuropathic pain.

17. Bedsores.

18. Pulmonary embolism.

19. Superficial wound infection.

20. Systemic infection.

21. Urinary tract infection.

22. Wound dehiscence.

23. Other.

Each of the reported AEs has been proposed to
be systematised using a modified Y.R. Rampersaud
scale [11]:

1. AE does not require treatment and has no side
effects.

OO NOOULEA, WNH
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2. AE requires minor invasive intervention (Foley
catheter, nasogastric tube, etc.) or additional treatment,
but has no long-term effects.

3. AE requires invasive (e.g., surgery) or complex
treatment and mostly has temporary (<6 months)
adverse effects.

4. AE requires invasive or complex treatment and
is likely to have long-term (6 months) adverse effects.

5. Significant injury to nerve structures (by >1 ASIA
score worsening) or serious threat to life or health or
any sentinel event.

6. AE resulting in death.

The effect of the amount of reported AEs on the
patient's length of hospital stay was suggested to
evaluate. Six options are possible: no effect on the
length, increases the length by 1-2, 3-7, 8-14, 15-28 and
28 days. The described scheme is an almost universal
tool for statistical analysis of AE in spinal surgery, since
each type of surgical intervention is characterised by a
specific frequency spectrum of the specified categories
of adverse events.

Obviously, the list of AE classifications in spinal
surgery is not exhaustive. A number of other methods
have been proposed for ranking the adverse effects of
surgical interventions, based on different principles and
developed for different types of surgical interventions or
nosological units (24-30). Some of these are still in use in
clinical practice. These data allow us to form a common
understanding of the concept of "adverse events" and
"complications" in modern neurosurgical practice and,
accordingly, to take a critical view of the statistical data
reported in the specialised literature.

Complications of lumbar discectomy

Lumbar disc herniation is the most common
cause of sciatica, affecting 1 to 5% of the population
annually [31-33]. Primary treatment of sciatica is
predominantly non-surgical and usually involves
medication, physical therapy, and sometimes epidural
steroid injections. Acute sciatica symptoms disappear
in most patients regardless of treatment [34]. In cases
where initial conservative treatment is ineffective,
two options are considered: continuing conservative
treatment with a wider range of physiotherapeutic
effects and medications, or performing a lumbar
discectomy to remove a herniated intervertebral disc
resulting in irritation/compression [35]. The feasibility
and benefits of each approach are debated [36], but it
is generally accepted that surgical treatment provides
rapid symptomatic relief compared to conservative
therapy [37]. In longer-term follow-up, the differences in
efficacy between surgical and conservative treatment are
usually leveled out, but invasive treatment methods have
some advantage [31]. Results of randomized controlled
trials suggest that more than 40% of patients who choose
or are prescribed conservative treatment undergo
surgery within the first 2 years after the onset of the
disease [38, 39].

Since W.J. Mixter and J.S. Barr reported the
first successful resection of a lumbar disc herniation
accompanied by removal of end plates (1934) [40],
surgical treatment methods for degenerative changes
of the spine have continually evolved with a general
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tendency towards minimizing trauma. In 1951, J.E.
O'Connell proposed an extended discectomy technique
involving the radical removal of an intervertebral disc
with disc herniation resulting in clinical symptoms. The
concept behind this procedure is that the remaining
part of the disc tends to form re-extrusion, leading to a
recurrence of symptoms. The method was considered
the gold standard of lumbar hernia surgery until 1977,
when the surgical microscope was first used and
the microdiscectomy technique was developed [41].
The advantage of the latter is the much smaller
surgical access compared to a standard discectomy,
which significantly reduces the duration of surgical
intervention and the volume of blood loss, shortens the
patient's hospital stay, reduces the risks of infectious
complications and facilitates a faster return to an active
lifestyle [42].

However, additional curettage of the intervertebral
space leads to disc height collapse, which can provoke
the formation of instability and cause the development
of spondylosis ("failed back surgery syndrome") [43, 44].
To prevent these consequences, R.W. Williams and
D.M. Spengler proposed sequestrectomy consisting in
removal only a disc fragment with no or little invasion
into the disc space [45, 46]. Despite the presence of
some disadvantages, both techniques (microdiscectomy
and sequestrectomy) are widely used in clinical practice.

Advances in science and technology contributed
to the development and improvement of medical
technologies, making it possible to introduce minimally
invasive discectomy techniques. In 1993, H.M. Mayer
and M. Brock, and in 1997, K.T. Foley and M.M. Smith
described techniques using tubular retractors -
endoscopic discectomy, later - microendoscopic
discectomy, as well as total endoscopic discectomy with
video assistance [47, 48]. Despite the advantages of
minimally invasive techniques, the clinical outcomes of
using endoscopic techniques and classic microdiscectomy
and discectomy have not been shown to be statistically
significantly different [49].

Surgical treatment of lumbar spine hernia is
currently the most commonly performed intervention in
spinal surgery [42, 50]. The ratio of minimally invasive
to open surgical manipulations varies considerably
depending on the region. Despite an increase in the
proportion of minimally invasive interventions, open
surgeries still predominate [51]. The actual number
of discectomies performed is difficult to estimate,
since disc removal is often not an isolated surgical
intervention, but a stage of larger operations,
ranging from interbody fusion through posterior and
lateral approaches (PLIF, TLIF, and XLIF) to major
decompressive-stabilization interventions. In recent
decades, there has been an increasing trend towards
the latter [52-54]. As a routine surgical intervention,
discectomy, performed in some modification depending
on the surgeon’s choice and material and technical
support, is characterized by rather low relative AE and
complication rates compared to other types of spinal
surgical interventions. However, due to a high number
of operations, absolute rates can pose a medical and
economic problem. Given the fact that all discectomy
options (open, minimally invasive, in particular fully

endoscopic) are applied to the same anatomical site
and they solve the same task, the frequency spectrum
of complications for these interventions is very
similar [55]. Slight differences are due to both technical
features and registration methods.

As mentioned above, the grading of adverse effects
of spinal surgical interventions is still not strictly
regulated. Most authors refer to the classic triad
"wrong level, wrong side, wrong patient" as obvious
medical errors, which is the most common in lumbar
discectomy, as well as foreign bodies in the area of
surgical intervention [56, 57]. However, in most cases,
these events are caused not due to a surgeon's error,
but largely due to defects in the organization of the care
system in general [58, 59]. Injuries to the intestine or
peritoneum, injuries to great vessels and nerve roots
are considered to be serious complications, but not
necessarily medical errors. The specified 5 types of
AEs are commonly grouped into a group of so-called
sentinel events (SE) that require close attention and
priority development of methods for their prevention.
SEs are associated with a significantly higher incidence
of postoperative cardiac complications, aspiration, deep
vein thrombosis, surgical site hematoma, hemorrhagic
anemia, neurological complications, pulmonary
embolism, re-intubation, urinary tract infection, intestinal
obstruction, and postoperative wound infection, which
in 20 times increases the mortality rate compared to
patients without these complications [60, 61].

Other commonly reported AEs of lumbar discectomy
include intraoperative dura mater damage combined
with postoperative CSF leak/meningocele in 1.1-6.6%
of cases, neurological complications (worsening of
preexisting motor or sensory symptoms, and the
appearance of new postoperative symptoms) -
1.8-4.9%, complications related to the postoperative
wound (superficial and deep wound infections, including
spondylodiscitis, hematoma of the surgical site, poor
wound healing and suture dehiscence) - 1.2- 3.5%,
recurrence of disc herniation - 39.0-51.0%, reoperation
- 33.0% [55, 62]. The given list of complications and
AEs is not exhaustive, and the data on the frequency
of their occurrence are rather indicative and do not
reflect the true situation. Some authors have pointed
that the frequency of complications is always lower
in retrospective analysis than in prospective analysis.
Thus, in general, for thoracolumbar spine surgery, the
prospective and retrospective complication rates are
20.4 and 17.5%, respectively [63]. In addition, the rate
of intraoperative complications declared by surgeons is
always lower than that reported by external observers,
which also does not contribute to the objectification of
the rates [64].

The difficulty in analyzing and interpreting
complications in lumbar discectomy, as well as in spinal
surgery in general, is that in most publications, AEs
are considered as defects in the provision of medical
services, and the economic component is considered
the basic criterion. In fact, the idea of "complication is
bad because it is expensive" is regulated. For example,
even SAVES-V2 divides all AEs into intraoperative
and postoperative, but does not allow one to single
out surgical, anesthetic, etc. for analysis. It is quite
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difficult to verify the relationship between postoperative
complications and intraoperative AEs.

For a practicing surgeon or anesthesiologist, only
the medical component of potential AEs is of interest
in terms of their causal relationship, prevention
methods, the impact of comorbidities, and other risk
factors. Despite the vast clinical experience of lumbar
discectomies as the most commonly performed spinal
surgical procedure, this issue remains open and requires
further comprehensive study.

Conclusions

The data presented in the review indicate that
surgical complications, as a traditionally unpopular
topic for discussion, have received increased attention
in recent decades due to medical as well as economic
factors. The introduction into practice of the term
"adverse event", aimed at streamlining the analysis of
adverse effects of the provision of medical care, has not
solved the problem of adequate registration, statistical
analysis and identification of causal relationships of
surgical complications, due to ambiguous interpretation,
as well as the lack of clear and generally accepted
classification principles.

Lumbar discectomy, being the most frequent spinal
surgical procedure, is characterized by relatively low
complication rates, but given the number of discectomies
performed, the absolute number of these complications
may have some socio-economic significance. A number
of questions concerning the relationship between AEs
recorded intraoperatively and the development of
postoperative complications require further investigation.

Disclosure

Conflict of interest

The authors declare no conflict of interest.

Ethical approval

This article contains no studies involving humans
or animals.

Funding

The research was conducted without sponsorship.

References

1. Wu AW. Medical error: the second victim. The doctor
who makes the mistake needs help too. BMJ (Clinical
research ed). 2000;320(7237):726-727. doi: 10.1136/
bmj.320.7237.726

2. Krupski TL. Standardization of reporting surgical
complications--are we ready? The Journal of urology.
2010;183(5):1671-1672. doi: 10.1016/j.juro.2010.02.2374

3. Bates DW, Cohen M, Leape LL, Overhage JM, Shabot MM,
Sheridan T. Reducing the frequency of errors in medicine
using information technology. Journal of the American
Medical Informatics Association : JAMIA. 2001;8(4):299-
308. doi: 10.1136/jamia.2001.0080299

4. Gallagher TH, Studdert D, Levinson W. Disclosing harmful
medical errors to patients. The New England journal
of medicine. 2007;356(26):2713-2719. doi: 10.1056/
NEJMra070568

5. Khuri SF, Daley ], Henderson W, Hur K, Demakis J, Aust
JB, et al. The Department of Veterans Affairs' NSQIP: the
first national, validated, outcome-based, risk-adjusted,
and peer-controlled program for the measurement and
enhancement of the quality of surgical care. National
VA Surgical Quality Improvement Program. Ann Surg.
1998;228(4):491-507. doi: 10.1097/00000658-199810000-
00006

6. Nashef SA, Roques F, Michel P, Gauducheau E, Lemeshow

http://theunj.org

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Ukrainian Neurosurgical Journal. Vol. 29, N2, 2023

S, Salamon R. European system for cardiac operative
risk evaluation (EuroSCORE). European journal of
cardio-thoracic surgery : official journal of the European
Association for Cardio-thoracic Surgery. 1999;16(1):9-13.
doi: 10.1016/s1010-7940(99)00134-7

Daley J, Henderson WG, Khuri SF. Risk-adjusted surgical
outcomes. Annual review of medicine. 2001;52:275-287.
doi: 10.1146/annurev.med.52.1.275

Weingart SN, Wilson RM, Gibberd RW, Harrison B.
Epidemiology of medical error. BMJ (Clinical research ed).
2000;320(7237):774-777. doi: 10.1136/bmj.320.7237.774
Benzel EC. The cervical spine. 5th ed. Philadelphia: Wolters
Kluwer Health/Lippincott Williams & Wilkins; 2012. 1594 p.
Mirza SK, Deyo RA, Heagerty PJ, Turner JA, Lee LA, Goodkin
R. Towards standardized measurement of adverse events
in spine surgery: conceptual model and pilot evaluation.
BMC Musculoskelet Disord. 2006;7:53. doi: 10.1186/1471-
2474-7-53

Rampersaud YR, Moro ER, Neary MA, White K, Lewis
SJ, Massicotte EM, et al. Intraoperative adverse events
and related postoperative complications in spine
surgery: implications for enhancing patient safety
founded on evidence-based protocols. Spine (Phila
Pa 1976). 2006;31(13):1503-1510. doi: 10.1097/01.
brs.0000220652.39970.c2

Advances in Patient Safety. In: Henriksen K, Battles 1B,
Marks ES, Lewin DI, editors. Advances in Patient Safety:
From Research to Implementation (Volume 4: Programs,
Tools, and Products). Rockville (MD): Agency for Healthcare
Research and Quality (US); 2005.

Lembitz A, Clarke TJ. Clarifying "never events and
introducing "always events". Patient safety in surgery.
2009;3:26. doi: 10.1186/1754-9493-3-26

Daniels AH, Kawaguchi S, Contag AG, Rastegar F,
Waagmeester G, Anderson PA, et al. Hospital charges
associated with "never events": comparison of anterior
cervical discectomy and fusion, posterior lumbar
interbody fusion, and lumbar laminectomy to total joint
arthroplasty. J Neurosurg Spine. 2016;25(2):165-169. doi:
10.3171/2015.11.SPINE15776

Omar I, GrahamY, Singhal R, Wilson M, Madhok B, Mahawar
KK. Identification of Common Themes from Never Events
Data Published by NHS England. World journal of surgery.
2021;45(3):697-704. doi: 10.1007/s00268-020-05867-7
Daniels AH, Gundle K, Hart RA. Collateral Adverse
Outcomes After Lumbar Spine Surgery. Instr Course Lect.
2016;65:291-297

Clavien PA, Sanabria JR, Strasberg SM. Proposed
classification of complications of surgery with examples of
utility in cholecystectomy. Surgery. 1992;111(5):518-526
Dindo D, Demartines N, Clavien PA. Classification of
surgical complications: a new proposal with evaluation
in a cohort of 6336 patients and results of a survey.
Ann Surg. 2004;240(2):205-213. doi: 10.1097/01.
sla.0000133083.54934.ae

Clavien PA, Dindo D. Surgeon's intuition: is it enough to
assess patients' surgical risk? World journal of surgery.
2007;31(10):1909-1911. doi: 10.1007/s00268-007-9145-9
Dindo D, Clavien PA. What is a surgical complication? World
journal of surgery. 2008;32(6):939-941. doi: 10.1007/
s00268-008-9584-y

Bonsanto MM, Hamer J, Tronnier V, Kunze S. A complication
conference for internal quality control at the Neurosurgical
Department of the University of Heidelberg. Acta Neurochir
Suppl. 2001;78:139-145. doi: 10.1007/978-3-7091-6237-
8_26

Houkin K, Baba T, Minamida Y, Nonaka T, Koyanagi I, Iiboshi
S. Quantitative analysis of adverse events in neurosurgery.
Neurosurgery. 2009;65(3):587-594; discussion 594. doi:
10.1227/01.NEU.0000350860.59902.68

Rampersaud YR, Anderson PA, Dimar JR, 2nd, Fisher
CG, Spine Trauma Study G, Degenerative Spine Study
G. Spinal Adverse Events Severity System, version
2 (SAVES-V2): inter- and intraobserver reliability
assessment. J Neurosurg Spine. 2016;25(2):256-263. doi:
10.3171/2016.1.SPINE14808

Patel N, Bagan B, Vadera S, Maltenfort MG, Deutsch H,
Vaccaro AR, et al. Obesity and spine surgery: relation



Ukrainian Neurosurgical Journal. Vol. 29, N2, 2023

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

to perioperative complications. J Neurosurg Spine.
2007;6(4):291-297. doi: 10.3171/spi.2007.6.4.1
McDonnell MF, Glassman SD, Dimar JR, 2nd, Puno RM,
Johnson JR. Perioperative complications of anterior
procedures on the spine. J Bone Joint Surg Am.
1996;78(6):839-847. doi: 10.2106/00004623-199606000-
00006

Baron EM, Albert TJ. Medical complications of surgical
treatment of adult spinal deformity and how to avoid them.
Spine (Phila Pa 1976). 2006;31(19 Suppl):S106-118. doi:
10.1097/01.brs.0000232713.69342.df

Scaduto AA, Gamradt SC, Yu WD, Huang J, Delamarter
RB, Wang JC. Perioperative complications of threaded
cylindrical lumbar interbody fusion devices: anterior versus
posterior approach. J Spinal Disord Tech. 2003;16(6):502-
507. doi: 10.1097/00024720-200312000-00003

Fujita T, Kostuik JP, Huckell CB, Sieber AN. Complications
of spinal fusion in adult patients more than 60 years of age.
Orthop Clin North Am. 1998;29(4):669-678. doi: 10.1016/
s0030-5898(05)70040-7

Faciszewski T, Winter RB, Lonstein JE, Denis F, Johnson L.
The surgical and medical perioperative complications of
anterior spinal fusion surgery in the thoracic and lumbar
spine in adults. A review of 1223 procedures. Spine (Phila
Pa 1976). 1995;20(14):1592-1599. doi: 10.1097/00007632-
199507150-00007

Landriel Ibanez FA, Hem S, Ajler P, Vecchi E, Ciraolo C,
Baccanelli M, et al. A new classification of complications
in neurosurgery. World Neurosurg. 2011;75(5-6):709-715;
discussion 604-711. doi: 10.1016/j.wneu.2010.11.010
Kreiner DS, Hwang SW, Easa JE, Resnick DK, Baisden JL,
Bess S, et al. An evidence-based clinical guideline for the
diagnosis and treatment of lumbar disc herniation with
radiculopathy. Spine J. 2014;14(1):180-191. doi: 10.1016/j.
spinee.2013.08.003

Frymoyer JW. Back pain and sciatica. The New England
journal of medicine. 1988;318(5):291-300. doi: 10.1056/
NEJIM198802043180506

Arts MP, Kursumovic A, Miller LE, Wolfs JFC, Perrin JM, Van
de Kelft E, et al. Comparison of treatments for lumbar disc
herniation: Systematic review with network meta-analysis.
Medicine (Baltimore). 2019;98(7):e14410. doi: 10.1097/
MD.0000000000014410

Vroomen PC, de Krom MC, Knottnerus JA. Predicting the
outcome of sciatica at short-term follow-up. The British
journal of general practice : the journal of the Royal College
of General Practitioners. 2002;52(475):119-123

Rhee JM, Schaufele M, Abdu WA. Radiculopathy and
the herniated lumbar disc. Controversies regarding
pathophysiology and management. J Bone Joint Surg
Am. 2006;88(9):2070-2080. doi: 10.2106/00004623-
200609000-00023

Ramaswami R, Ghogawala Z, Weinstein JN. Management
of Sciatica. The New England journal of medicine.
2017;376(12):1175-1177. doi: 10.1056/NEJMclde1701008
Peul WC, van Houwelingen HC, van den Hout WB, Brand
R, Eekhof JA, Tans JT, et al. Surgery versus prolonged
conservative treatment for sciatica. The New England
journal of medicine. 2007;356(22):2245-2256. doi:
10.1056/NEJM0a064039

Peul WC, van den Hout WB, Brand R, Thomeer RT, Koes
BW, Leiden-The Hague Spine Intervention Prognostic Study
G. Prolonged conservative care versus early surgery in
patients with sciatica caused by lumbar disc herniation:
two year results of a randomised controlled trial. BMJ]
(Clinical research ed). 2008;336(7657):1355-1358. doi:
10.1136/bmj.a143

Weinstein JN, Tosteson TD, Lurie JD, Tosteson AN, Hanscom
B, Skinner ]S, et al. Surgical vs nonoperative treatment
for lumbar disk herniation: the Spine Patient Outcomes
Research Trial (SPORT): a randomized trial. JAMA.
2006;296(20):2441-2450. doi: 10.1001/jama.296.20.2441
Mixter W], Barr JS. Rupture of the Intervertebral Disc
with Involvement of the Spinal Canal. New England
Journal of Medicine. 1934;211(5):210-215. doi: 10.1056/
nejm193408022110506.

Caspar W, editor A New Surgical Procedure for Lumbar
Disc Herniation Causing Less Tissue Damage Through a

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

Microsurgical Approach. Lumbar Disc Adult Hydrocephalus;
1977 1977//; Berlin, Heidelberg: Springer Berlin Heidelberg.
Blamoutier A. Surgical discectomy for lumbar disc herniation:
surgical techniques. Orthopaedics & traumatology, surgery
& research : OTSR. 2013;99(1 Suppl):S187-196. doi:
10.1016/j.0tsr.2012.11.005

Mochida J, Nishimura K, Nomura T, Toh E, Chiba M.
The importance of preserving disc structure in surgical
approaches to lumbar disc herniation. Spine (Phila Pa
1976). 1996;21(13):1556-1563; discussion 1563-1554. doi:
10.1097/00007632-199607010-00014

Schaller B. Failed back surgery syndrome: the role of
symptomatic segmental single-level instability after lumbar
microdiscectomy. Eur Spine J. 2004;13(3):193-198. doi:
10.1007/s00586-003-0632-x

Williams RW. Microlumbar discectomy: a conservative
surgical approach to the virgin herniated lumbar disc. Spine
(Phila Pa 1976). 1978;3(2):175-182

Spengler DM. Lumbar discectomy. Results with limited disc
excision and selective foraminotomy. Spine (Phila Pa 1976).
1982;7(6):604-607

Mayer HM, Brock M. Percutaneous endoscopic discectomy:
surgical technique and preliminary results compared to
microsurgical discectomy. J Neurosurg. 1993;78(2):216-
225. doi: 10.3171/jns.1993.78.2.0216

Foley KT, Smith MM. Microendoscopic discectomy.
Techniques in Neurosurgery. 1997(3):301-307.

Rasouli MR, Rahimi-Movaghar V, Shokraneh F, Moradi-
Lakeh M, Chou R. Minimally invasive discectomy versus
microdiscectomy/open discectomy for symptomatic
lumbar disc herniation. Cochrane Database Syst Rev.
2014(9):CD010328. doi: 10.1002/14651858.CD010328.
pub2

Jung HS, Kim DJ, Kim HS, Lee HK, Choi SIN, Chung SY.
Vascular Complications Related to Posterior Lumbar Disc
Surgery. Vascular specialist international. 2017;33(4):160-
165. doi: 10.5758/vsi.2017.33.4.160

Deyo RA, Mirza SK. Trends and variations in the use of
spine surgery. Clin Orthop Relat Res. 2006;443:139-146.
doi: 10.1097/01.bl0.0000198726.62514.75

Weinstein JN, Lurie JD, Olson PR, Bronner KK, Fisher
ES. United States' trends and regional variations
in lumbar spine surgery: 1992-2003. Spine (Phila
Pa 1976). 2006;31(23):2707-2714. doi: 10.1097/01.
brs.0000248132.15231.fe

Gray DT, Deyo RA, Kreuter W, Mirza SK, Heagerty PJ,
Comstock BA, et al. Population-based trends in volumes
and rates of ambulatory lumbar spine surgery. Spine (Phila
Pa 1976). 2006;31(17):1957-1963; discussion 1964. doi:
10.1097/01.brs.0000229148.63418.c1

Lopez CD, Boddapati V, Lombardi JM, Lee NJ, Saifi C,
Dyrszka MD, et al. Recent trends in medicare utilization
and reimbursement for lumbar spine fusion and discectomy
procedures. Spine J. 2020;20(10):1586-1594. doi:
10.1016/j.spinee.2020.05.558

Bombieri FF, Shafafy R, Elsayed S. Complications
associated with lumbar discectomy surgical techniques: a
systematic review. Journal of spine surgery (Hong Kong).
2022;8(3):377-389. doi: 10.21037/jss-21-59

Epstein N. A perspective on wrong level, wrong side, and
wrong site spine surgery. Surg Neurol Int. 2021;12:286.
doi: 10.25259/SNI_402_2021

Hempel S, Maggard-Gibbons M, Nguyen DK, Dawes AJ,
Miake-Lye I, Beroes JM, et al. Wrong-Site Surgery, Retained
Surgical Items, and Surgical Fires : A Systematic Review of
Surgical Never Events. JAMA Surg. 2015;150(8):796-805.
doi: 10.1001/jamasurg.2015.0301

Wong DA, Watters WC, 3rd. To err is human: quality and
safety issues in spine care. Spine (Phila Pa 1976). 2007;32(11
Suppl):S2-8. doi: 10.1097/BRS.0b013e318053d4cd
Institute of Medicine Committee on Quality of Health Care
in A. To Erris Human: Building a Safer Health System. Kohn
LT, Corrigan JM, Donaldson MS, editors. Washington (DC):
National Academies Press (US); 2000.

Marquez-Lara A, Nandyala SV, Hassanzadeh H, Sundberg
E, Jorgensen A, Singh K. Sentinel Events in Lumbar Spine
Surgery. Spine (Phila Pa 1976). 2014;39(11):900-905. doi:
10.1097/BRS.0000000000000247

http://theunj.org



10

61.

62.

63.

DeVine ]G, Chutkan N, Gloystein D, Jackson K. An Update
on Wrong-Site Spine Surgery. Global Spine J. 2020;10(1
Suppl):41S-44S. doi: 10.1177/2192568219846911
Shriver MF, Xie 1], Tye EY, Rosenbaum BP, Kshettry VR,
Benzel EC, et al. Lumbar microdiscectomy complication
rates: a systematic review and meta-analysis. Neurosurg
Focus. 2015;39(4):E6. doi: 10.3171/2015.7.FOCUS15281
Nasser R, Yadla S, Maltenfort MG, Harrop JS, Anderson

http://theunj.org

Ukrainian Neurosurgical Journal. Vol. 29, N2, 2023

64.

DG, Vaccaro AR, et al. Complications in spine
surgery. J Neurosurg Spine. 2010;13(2):144-157. doi:
10.3171/2010.3.SPINE09369

Dekutoski MB, Norvell DC, Dettori JR, Fehlings MG, Chapman
JR. Surgeon perceptions and reported complications
in spine surgery. Spine (Phila Pa 1976). 2010;35(9
Suppl):S9-S21. doi: 10.1097/BRS.0b013e3181d830de



