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Abstract
To design a classi�cation concentrating on the art and severity of functional restriction that could include
all possible postoperative neurological disturbances and prove its validity to be comparable and easily
used in neurosurgery. A seven grade classi�cation was proposed commencing from grade "0" for no
neurological disturbances to grade "6" for coma/vegetative state/demise: grade “1”, any remittent
neurological disturbances with full improvement spontaneously or as a result of any temporary drug
therapy or re-surgery, a single epileptic seizure without the need for anticonvulsant therapy; grade “2”,
lasting neurological disturbances resulting in no functional restrictions, no epileptic seizures needing for
long-term anticonvulsant therapy; grade “3”, lasting neurological disturbances resulting in slight
functional restrictions, rare epileptic seizures despite of anticonvulsant therapy, slight aphasia; grade “4”,
lasting neurological disturbances resulting in moderate functional restrictions and partial need of outside
help, average frequency of epileptic seizures despite anticonvulsant therapy, moderate aphasia; and
grade “5”, lasting neurological disturbances resulting in severe functional restriction and complete need
of outside help, high frequency of epileptic seizures despite of anticonvulsant therapy, severe aphasia.
The study included a total of 1681 operations at 1530 patients. The postoperative neurological
disturbances occurred in 7.7% (n=119) of patients. All postoperative neurological disturbances could be
easily classi�ed according to the CPNC. The ranking system was proportional to the length of hospital
stay. The CPNC is useful and easily applicable to assess the rates of postoperative neurological
disturbances. It can be a comparable instrument in the quality management of neurosurgery.

Introduction
The ranking systems give an important possibility of comparison and are essential for science and
quality management in medicine. A reliable assessment of surgical complications and outcomes is
increasingly requested by all involved sides (patients, government, insurance companies, clinicians, and
scientists), to improve the quality and calculate the costs of healthcare [8]. For this purpose, it is essential
to use a standardized, easily applicable, and comparable classi�cation. An approved and validated
classi�cation of neurosurgical complications has been advocated as a "main vehicle" for comparison of
surgical results within a center, between different centers, various therapies, and over time [14]. The
general surgical �eld has already proposed a "Classi�cation of Surgical Complications" by Clavien &
Dindo. This standardized classi�cation is nowadays widely applied in various surgical disciplines, and it
is declared as an effective instrument for quality management [6, 10, 12, 13, 17, 19, 21, 23, 26]. The lack
of such standardized classi�cation is a subject of discussion over a long time in the neurosurgical �eld.
The experiences with the Clavien-Dindo classi�cation of surgical complications in neurosurgery have
shown an insu�ciency for describing the severity of postoperatively occurred neurological disturbances,
which are frequent in neurosurgery.

The neurosurgical literature gives until now only simple and less precise classi�cations as
"intra-/postoperative" and "minor/major" complications [15]. It was already proposed by Landriel Ibañez
an "A new classi�cation of complications in neurosurgery" based on treatment need to treat the
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complications (Fig. 1) [14]. This classi�cation is very similar to the Clavien-Dindo classi�cation of
surgical complications and gives no possibility to rank the postoperatively occurred neurological
disturbances. Furthermore, a classi�cation based only on treatment has been designated as not adequate
[20].

A classi�cation of neurosurgical complications approved and validated by the entire scienti�c community
has not been developed until now [2].

We aimed to design a classi�cation that could include all possible postoperative occurred neurological
disturbances and prove its validity to be comparable and easily used in every main and sub-specialties of
neurosurgery.

In this paper, we propose a new classi�cation of postoperative neurological complications (CPNC).

Methods And De�nitions Of Complications
De�nition of Complication

There are overall three basic de�nitions of negative outcomes in the literature: complication, failure to
cure, and sequelae [5, 8]. Our �eld of interest included, in this case, only "complication" as a reason for
adverse outcomes. In several scienti�c groups/wards are still debating concerning a universal de�nition
of "complication" [1, 2]. Clavien and Dindo de�ned a complication as any deviation from a normal
postoperative course [8]. Sokol and Wilson suggested the following de�nition: "A surgical complication is
any undesirable, unintended, and direct result of an operation affecting the patient, which would not have
occurred had the operation gone as well as could reasonably be hoped" [22].

We de�ned a "postoperative neurological complication" as any postoperatively occurred neurological
disturbances directly or indirectly related to undertaken surgery.

Classi�cation of Postoperative Neurological Complications (CPNC)

After many discussions and various designs of classi�cation, we chose to concentrate on the
type/character and severity of functional restriction due to postoperatively occurred neurological
complications. So we designed a Classi�cation with a total of 7 grades commencing from grade "0" for
no neurological disturbances to grade "6" for coma/vegetative state/demise. The classi�cation is
presented in Fig. 2.

Grade 1 neurological complications were de�ned as during the hospital stay, completely recurrent
postoperative occurred neurological disturbances with or without any additional therapy. This grade also
includes a single epileptic seizure without the need for further anticonvulsant therapy. Grade 2 includes
lasting neurological disturbances without resulting in any functional restriction and seizure freedom
under antiepileptic therapy. Grade 3 complications were de�ned as lasting neurological disturbances
resulting in slight functional restrictions. The affected patients require the assistance of some tools but
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do not need outside help. This grade also includes rare epileptic seizures despite anticonvulsant therapy
and slight aphasia. Grade 4 complications were de�ned as lasting neurological disturbances resulting in
moderate functional restrictions. The affected patients partially depend on outside help. Epilepsy with an
average frequency of seizures despite anticonvulsant therapy and moderate aphasia (e.g., signi�cant
restriction of communication) are also included.

Grade 5 neurologic complications were de�ned as lasting neurological disturbances resulting in severe
functional restriction, including a high frequency of epileptic seizures despite anticonvulsant therapy and
severe aphasia (e.g., global aphasia). The affected patients depend entirely on outside help.

The severity of epilepsy and aphasia were ranked according to the degree of disability according to the
"Pension Medical Ordinance" of the "German Federal Ministry of Labour and Social Affairs" [3].

As it is known, a recovery of neurological disturbances and consequently of functional restriction can
take a long time [11]. The neurological status on the day of discharge from acute care hospital mostly is
not a �nal result and can be signi�cantly improved due to medical rehabilitation [25]. Therefore we
decided to establish a su�x "r" for de�ning the long-term outcome. It should give a possibility to compare
the short and long-term outcomes, as well as the end results of surgery between different therapies and
centers.

Validation of the CPNC in a Cohort of 1530 Patients

We retrospectively analyzed a period of care between June 2017 and December 2019 in our neurosurgical
department. The discharge reports and patient charts of all 1530 patients were studied. The patients with
neurological complications were observed in the follow-up period. The evaluated neurological
complications were classi�ed according to the CPNC from two independent raters (neurosurgeons of our
department). The possible correlations between the various grades of complications and the length of
hospital stay (LOS) in this large cohort of patients were also assessed. The length of stay was calculated
from the day of initial surgery to the discharge, with the addition of further hospitalizations due to late
postoperative complications.

Statistical Analyses

In the cohort of patients, the correlations between the complication grades and the length of stay were
statistically analyzed using two-sided Spearman's rank correlation coe�cients. The agreement between
the raters was statistically analyzed using Cohen's kappa coe�cient.

A p-value < 0.05 was assessed as statistically signi�cant. The statistics were done using the R for Mac
OS X Version 3.3.2 and Microsoft Excel 2011 program. Data were expressed as mean ± SD, rates, or
numbers.

Results
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The study included a total of 1681 operations at 1530 patients. It included 1158 (68,8%) operations on
the spine, 46 (2,7%) on the peripheral nervous system, and 477 (28,4%) cases of cerebrovascular surgery.
The postoperative neurological disturbances occurred in 7.7% (n=119) of patients. Therefore both raters
sorted a total of 92,3% (n=1411) of cases as grade 0. Grade 1 complications were recorded from both
raters in 2,68% (n=41) of cases. Grade 2 complications were recorded in 2,68% (n=41) of cases from one
rater and in 2,55% (n=39) of cases from another rater. Grade 3 complications were assessed from both
raters in 0,98% (n=15) of patients. Grade 4 complications were recorded from one rater in 0,58% (n=9)
and from another rater in 0,92% (n=14) of cases. Grade 5 complications were assessed from one rater in
0,39 (n=6) and from one rater in 0,32% (n=5) of patients. Grade 6 complications were recorded from both
raters in 0,46% (n=7) of cases (Fig. 3). The agreement between the raters was statistically "almost
perfect," according to Landis and Koch, with k = 0,94 (Cohen's kappa coe�cient).

The classi�cation of complications signi�cantly correlated with the lengths of the hospital stay (rs = 0.85,
p (2-tailed) = 0.0137 Spearman rank correlation test). A median length of Hospitalisation in patients
without complication was 7,5 days (SD: 4,9042). The patients with grade 1 complications had a mean
length of stay of 10,7 days (SD: 7,47), those with grade 2 complications had LOS of 11,3 days (SD: 9,05),
those with grade 3 complications - 20 days (SD: 12,27), those with grade 4 complications had LOS of
18,3 days (SD: 7,69), those with grade 5 complications had a LOS of 17 days (SD: 5,02) and those with
grade 6 complications had a LOS of 22 days (SD: 14,61) (Fig. 4).

A total of 80,6% (n=72) of patients with postoperative complications (n=119) could be observed in the
follow-up period. The mean time of postoperative observation in this study was 168,80 days (SD:
142,61). A total of 7 (5,8%) patients died due to postoperative complications. There were a total of 30
patients with initial CPNC grade 1 postoperatively observed. 28 patients of them were rated as grade 0r,
and 2 of them as grade 2r. From a total of observed 31 patients with CPNC grade 2, 19 patients showed
no changes and were rated as CPNC grade 2r, 11 patients had a total reconvalenscence of neurological
disturbances and were rated as grade 1r, only 1 patient had a worsening of functional restriction and was
rated as grade 3r. From observed 9 patients with grade 3 complications showed 3 patients a stable,
functional restriction, 2 patients had a slight improvement and were ranked as grade 2r, and 1 patient had
a worsening of the functional restriction in the follow-up period and was ranked as grade 4r. Both
observed patients with CPNC grade 4 had a slight improvement of functional restriction and were rated
as grade 3r. An observed patient with CPNC grade 5 showed also an improvement and was graded as 3r.
The changes of the postoperatively occured functional restriction are shown in the �gure 5.

Discussion
The modern, evidence-based medicine requests an increasing demand for quality management. The
improvement of quality, in great part, depends on the assessment of negative outcomes. Surgical
complications are a major factor in increasing the costs of healthcare [9, 16]. The need for a
classi�cation of complications approved by the scienti�c community, allowing a comparison of different
series of patients, is widely advocated in the neurosurgical society [2, 14].
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Despite many trials, the de�nition of "surgical complication" remains controversial in some scienti�c
groups [2, 5, 8, 14, 22, 24]. The current contention point in the neurosurgical society seems to be the
"sequelae" [2, 4]. According to the oxford dictionary, "sequelae" is de�ned as "A condition which is the
consequence of a previous disease or injury." [18]. In general surgery, a "sequelae" is de�ned as an "after-
effect" of surgery, for example, an "inability to walk after an amputation of the leg" [8]. In consideration of
the above-mentioned, Clark and Spetzler suggested that any, because of surgery complexity expected,
postoperatively occurred neurological disturbances should not be assessed as a complication [4]. "For
example, a hemiparesis occurring to a patient operated for a large arteriovenous malformation (AVM)
located in the motor cortex will be classi�ed as a sequela, whereas the same neurological de�cit
occurring after the removal of a frontal AVM reaching the Silvian �ssure (secondary, that is, to
coagulation of a middle cerebral artery branch feeding the corticospinal bundle) should be considered as
a complication" [2].

This example of AVM surgery does not seem to be fully comparable to the amputation of the leg.
Because of the complexity of the brain's functional structure, there is almost impossible to surely predict
the exact extend of postoperative neurological de�cits, like the result of leg amputation, excluding the so-
called "awake brain surgery" or lobotomy after �ber tracking. However, the evaluation of postoperative
occurred expected disturbances seems to be clearly more oriented to self-development and improvement
of quality than a camou�age of postoperative occurred neurological de�cits under the term of "sequelae." 

Obviously, fairness can not involve a direct comparison between the outcomes of AVM and Meningioma
surgery, or procedures in eloquent and non-eloquent areas. For this purpose, an additional detailed
ranking system of the complexity of neurosurgical procedures could help.

The earlier classi�cations of surgical complications, which have been applied in neurosurgery, were
oriented to the general surgical complications and the treatments necessary to treat them, disregarding
the neurological disturbances similar to general surgery [2, 14, 15]. The main difference between
neurosurgery and other surgical disciplines is surely the frequency and variety of postoperative
neurological disturbances. In principle, the severity of postoperative occurred neurological symptoms
frequently de�nes the outcome of neurosurgical treatment and the patient's quality of life.

Creating the CPNC were discussed several designs of ranking system assessing the postoperative
neurological complications:

1. A precise ranking system describing every functional or mental ability of patients and summarizing
them in numerical parameters pre-and postoperatively gave a concrete score of worsening of
concrete neurological de�cit. Still, it did not show an in�uence of the complication on the affected
patient's limitations in daily life. Such classi�cation also seemed to be too multifactorial and
complex for use in daily clinical practice.

2. A classi�cation concentrating only on daily life activities of patients, similar to the "Karnofsky index"
or "SF-36," seemed to be too imprecise describing the neurological disturbances and gave no
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possibility for ranking the slight neurological de�cits. For example, a postoperatively occurred, left-
sided L5 - hypesthesia or peroneal palsy by a patient with high-grade hemiparesis on the same side
preoperatively, would not cause any additive restriction of daily life activities. Consequently, these
complications would be ignored by such a ranking system.

3. A ranking system based on the treatments necessary to treat the complications appeared to be
neglected for the end results of neurosurgical procedures. The inadequacy of such classi�cations to
rank the neurosurgical complications has been already reported in the literature [2, 20].

Regarding the above mentioned, on the one hand, if we consider the great variety of possible
postoperative disturbances, there is an obvious need to generalize or uniting them corresponding to
functional restriction to make the classi�cation reproducible and practicable in daily clinical practice. On
the other hand, the type, severity, and persistence of neurological complications seems to be also very
important to assess the outcome of neurosurgical procedures. 

Consequently, the CPNC, as a classi�cation based on type, persistence, and severity of postoperative
occurred neurological complications and, at the same time, generalizing them into functional restrictions,
seems to have an opportunity of success.

An attempt to validate the new proposal of classi�cation by correlating the grades of complications with
the severity of postoperative neurological disturbances was made in a cohort of 1530 patients. The
assessed 1680 operations included all sections of the nervous system. Every recorded neurological
complication could be easily classi�ed according to the CPNC. The correlation between the CPNC grades
and the length of hospital stay, as "a useful parameter of the severity of a complication" [6, 8, 9], was
evident in this article. The simpleness and reproducibility of the proposed classi�cation was statistically
validated by the "almost perfect" agreement between the raters with k= 0,94 (Cohen's kappa coe�cient).

Obviously, the fact that improvement of neurological disturbances can take a long time [11, 25] and the
neurological state at the time of discharge from acute care hospital mostly is not a �nal result, leads to
the requirement of evaluation of neurological state after completed rehabilitation. For this purpose, the
suggested su�x "r" appears to be useful for observation of neurological complications in the follow-up
period and determination of the �nal outcome.

With a goal of success for the proposed classi�cation, it is necessary to be approved by the scienti�c
community. For this purpose should be undertaken further multicentral and preferable international
studies.

We can recommend the CPNC as an easily applicable and comparable instrument in the quality
management of every main and sub-specialties of neurosurgery. The broad implementation of this
classi�cation into neurosurgical literature may facilitate the evaluation and comparison of outcomes
among different surgeons, centers, and therapies.



Page 8/14

With a goal of success for the proposed classi�cation, it is necessary to be approved by the scienti�c
community. For this purpose should be undertaken further multicentral and preferable international
studies.
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Figures

Figure 1

A new classi�cation of complications in neurosurgery (Landriel Ibañez FA)
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Figure 2

CPNC-Classi�cation of postoperative neurological Complications
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Figure 3

Complications according to the CPNC
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Figure 4

Correlation of LOS with CPNC
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Figure 5

Changes of the functional restriction in the follow-up period


