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Abstract

Purpose There is limited data regarding malpractice claims in pediatric neurosurgery. Aim of this study was to analyze the rate,
subject, and outcome of malpractice claims faced by pediatric neurosurgeons.

Methods We analyzed malpractice claims in pediatric neurosurgical patients assigned to the review board of North Rhine
Medical Council from 2012 to 2016. Claims were categorized as “medical error” or “adverse event, no medical error.”
Severity was graded from negligible (grade 1) to death (grade 6).

Results Of 391 pediatric malpractice claims, seven (1.8%) concerned pediatric neurosurgery. Claims were related to cranial
surgery (N=35), spinal surgery (N=1), and a neuro-interventional procedure (N=1). Of operative cases, three were shunt
operations, two were cranioplasty procedures, and one was a spinal fusion. Complications of medical care (adverse events)
had occurred in all cases. A medical error was detected in only one case. Severity of damage was grade 2 (transient minor) in
three, grade 3 (transient major) in one, and grade 5 (permanent major) in three cases, respectively.

Conclusions Pediatric neurosurgery accounted for 1.8% of all pediatric malpractice claims. In 14% of these claims, a medical
error was confirmed. Malpractice claim rate thus appears to be lower than expected for a high-risk specialty. , adverse events were
confirmed in all cases, a negligent medical error was rare. Adverse event rate appears to be a predictor for malpractice claim
burden, highlighting the importance of surgical checklists, standard operating procedures and morbidity and mortality
surveillance.

Keywords Medical error - Adverse event - Litigation - Children

Introduction

Medical errors and malpractice claims have significant impli-
cations for all parties involved: Affected patients and their
families not only face the physical and psychological burden
of additional morbidity or even mortality, but also the finan-
cial impact such complications may have. Society and health
care systems carry direct or indirect costs arising from indem-
nity payments, administrative expenses, so-called defensive
medicine, and lost physician working time and productivity.
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Surgeons face increasing premiums for medical liability insur-
ance in response to rising claim rates and a frequent lack of
caps on non-economic damages [1]. While this provides fi-
nancial and legal protection, physicians remain largely unpro-
tected against the reputational, psychological, and emotional
implications of such claims [2]. The likelihood of malpractice
claims varies across medical specialties, with neurosurgery
being described as a high-risk specialty [3].

The key domains of medical errors are (1) failure to execute
an action as planned, (2) using a wrong plan to address a
clinical problem, (3) omitting an indicated procedure, and
(4) failure to meet the standard of care, i.e., negligence. In
contrast, an unintended result per se is not a feature exclusive-
ly found in connection to medical errors. Unintended results
can also develop after adverse events, many of which are
neither preventable nor ameliorable [4].

In surgical units, adverse events are typically subject to
morbidity and mortality surveillance. Such surveillance sys-
tems have been devised for pediatric neurosurgery [5]. The
published overall significant adverse event rates for this sub-
specialty range from 15 to 20%, and high-risk procedures,
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such as cerebrospinal fluid diversions and tumor resections,
have been defined [5-7].

In contrast, the literature on actual medical errors and mal-
practice claims in pediatric neurosurgery is scarce, and to the
best of our knowledge, no systematic analysis has been pub-
lished before. Interestingly, it has been suggested, among oth-
er factors, that the perceived risk of malpractice claims among
physicians may be increased by a lack of access to accurate
information about the actual risk of litigation [8]. Therefore,
the aim of the present study was to analyze the rate, subject,
and outcome of malpractice claims encountered by pediatric
neurosurgeons in Germany.

Methods

Malpractice claims in neurosurgical patients aged 18 years
and younger were extracted from the database of the review
board of the North Rhine Medical Council NRMC), covering
the years 2012 to 2016. Raw data was extracted from a pro-
spectively maintained database and anonymized by the
NRMC before being distributed to the authors. The NRMC
covers approximately 60,000 physicians and 10 million in-
habitants. The arbitration and review boards of German
Medical Councils can be commissioned by patients to inves-
tigate a suspected malpractice case. The board will then collect
necessary information (e.g., medical notes, radiological imag-
ing) and consult an external medical expert reviewer. On the
basis of the review, the independent medical and legal mem-
bers of the board will finally determine whether a medical
error has been committed and whether this error caused harm
to the patient. For this purpose, a medical error is defined as
medical care deviating from the common standard at the time
as judged by expert peers. In more than 90% of cases inves-
tigated by such boards, out-of-court agreements can be
reached. In 2004, the German review boards completed
7744 malpractice claims [9]. In the same year, German courts
dealt with 7659 medical malpractice lawsuits. A substantial
proportion of malpractice claims in Germany is thus processed
by German Medical Councils and their database can be con-
sidered representative, as demonstrated in previous publica-
tions [10, 11].

For this study, malpractice claims were grouped into cranial
surgery, spinal surgery, and neuro-interventional procedures.
The review decisions were summarized as either “medical
error” as defined above, or as “adverse event, no medical
error,” which refers to unintended injury or complication
resulting from medical care rather than the patient’s underly-
ing disease [4]. The severity of damage sustained by the pa-
tient was graded on a 6-item scale as either negligible (grade
1), transient minor (grade 2), transient major (grade 3), per-
manent minor (grade 4), permanent major (grade 5), or death

(grade 6) [11].
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Results
Baseline data of patients and procedures

In the study period, a total of 8381 malpractice claims were
submitted to the NRMC review board, including 391 pediatric
cases. Of these, seven (1.8%) were malpractice claims in pe-
diatric neurosurgery (Fig. 1). Four patients were female and
three were male, with a median age of 12 years (range 1—
17 years). The majority of claims (N =5) were related to cra-
nial operations, comprising three ventriculoperitoneal shunt
(VPS) operations and two cranioplasty procedures. The re-
maining malpractice claims referred to a case of spinal repo-
sition and fusion after trauma and a neuro-interventional em-
bolization of an intracerebral arteriovenous malformation
(AVM).

Cranial procedures

Three malpractice claims in this category were related to VPS
operations. As summarized in Table 1, only one claim referred
to an adverse event directly related to the surgical procedure,
namely a postoperative CSF infection with Staphylococcus
aureus leading to removal of the VPS, while the other two
claims referred to difficult vascular access in a premature baby
prior to a shunt operation and to a deep vein thrombosis after a
shunt revision in a 12-year-old girl. The severity was grade 3
for the postoperative infection and grade 2 for the latter
claims, respectively. In all three claims, the review board de-
tected adverse events causing transient, treatment-associated,
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Fig. 1 Flowchart of the data analysis for the current study
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additional morbidity. However, a medical error was detected
in none of these malpractice claims.

Two malpractice claims in this category were made
concerning cranioplasty procedures. As summarized in
Table 1, both claims addressed adverse events directly related
to the surgical procedure: In a 1-year-old boy with Apert syn-
drome, a severe intraoperative hemorrhage during calvarial
remodeling and fronto-orbital advancement required cardio-
pulmonary resuscitation. The child suffered permanent neuro-
logical damage, including visual and auditory impairment,
corresponding to a severity grade 5. The expert review detect-
ed no medical error.

The second case was a 13-year-old girl who had
sustained a severe traumatic brain injury at the age of
5 years and required a craniotomy at that time. The mal-
practice claim referred to a cranioplasty procedure per-
formed to replace an osteolytic bone flap with an artificial
implant. Following this procedure, the patient suffered ep-
ileptic seizures due to an intracranial hemorrhage and sub-
sequently required multiple revision surgeries for cerebro-
spinal fluid leaks and surgical site infections. The severity
was considered grade 5. After expert review, the board con-
cluded that a medical error had been committed by leaving
the artificial implant in situ despite conclusive evidence of
infection. This malpractice claim was thus affirmed as a
medical error in the form of negligent omission.

Spinal procedures

The only malpractice claim in this category was made
after a spinal fusion. A 17-year-old male patient with a
history of epilepsy suffered a generalized seizure, leading
to a spinal trauma with a fracture of the eighth thoracic
vertebra. A closed reposition and posterior spinal instru-
mentation from T7 to T9 were performed. Postoperatively,
the patient complained of severe back pain. A computed
tomography scan revealed misplacement of a pedicle
screw, which was immediately revised. The back pain
disappeared, corresponding to grade 2 severity. No medi-
cal error was detected in this case after expert review.

Neuro-interventional procedures

This malpractice claim was made after endovascular emboli-
zation of an intracerebral AVM. A 13-year-old girl was diag-
nosed with a right frontal AVM after a first-time epileptic
seizure. During neuro-interventional embolization of the
AVM, an accidental dislocation of histoacryl glue lead to oc-
clusion of the right internal carotid artery. The patient subse-
quently suffered a cerebral infarction and required decom-
pressive craniectomy. Due to permanent hemiparesis, the se-
verity corresponds to grade 5. No medical error was detected
after expert review.
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Discussion

The malpractice claim rate in pediatric neurosurgery was low,
accounting for only 1.8% of all pediatric claims in the current
study. A medical error leading to treatment-associated damage
sustained by the patient was detected by the review board in
only one in seven claims. The other six cases were considered
to be adverse events, but without medical error.

Published reports on malpractice in medicine vary due to
different definitions, data sources, and ways of analyzing and
presenting the data. For example, Pukk-Hérenstam et al. re-
ported an overall claims rate of 0.20% and a claims rate for
surgical specialties of 0.36% [12]. In their series, 49.5% of all
claims were considered valid by physician reviewers and thus
eligible for compensation payment. In contrast, in the present
series, only 14% of claims were judged eligible. In Germany,
the Medical Councils decided on 7215 malpractice claims
across all medical specialties in the year 2015; in 28.8% of
these cases, a medical error was detected and the claims thus
judged valid [13]. Similar results were published for the USA,
with 78% of claims not leading to payments to plaintiffs in a
recent analysis by Jena et al. [3]. The authors conclude that the
lifetime risk of facing a malpractice claim is high, but the risk
of a claim being affirmed and thus resulting in indemnity
payments is low. Another observation from their study is a
substantial variation of risk across medical specialties, with
neurosurgery being among the high-risk specialties.

We hypothesize that the variation observed in the percent-
age of malpractice claims can be partially attributed to differ-
ences in the overall morbidity and mortality rates between
medical specialities. In all cases analyzed in the present study,
an adverse event occurred during the medical treatment.
Adverse event rates for general pediatric neurosurgery range
between 12 and 20% for morbidity, but can be significantly
higher when selecting high-risk subgroups, such as children
undergoing intracranial tumor resection or shunt surgery [5,
6]. For this selected population, adverse event rates of up to
69% have been described [7]. The morbidity rates for general
adult neurosurgical cohorts range from 7 to 13% [14, 15]. The
reasons for higher adverse events rates in pediatric neurosur-
gery have been recently discussed by Campbell et al. in detalil,
and a major contributor is probably the case-mix in this sub-
specialty: A larger proportion of high-risk procedures, e.g.,
CSF-related operations, in high-risk patients, e.g., premature
babies, causes an increase in complication rates [6].

The purposes of adverse event surveillance or analysis of
malpractice claims are quality improvement and quality assur-
ance, which reduce the additional burden for the patient and
family, the risk of getting sued for the physician, and the
additional costs for health care systems. Our detailed analysis
of malpractice claims in pediatric neurosurgery in Germany
demonstrates that claims arise in cases where adverse events
are encountered. Our interpretation is that adherence to
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common principles of neurosurgical care (e.g., timely revision
of'amisplaced pedicle screw or immediate removal of infected
implants) protects physicians against malpractice litigation.
While this might appear to be “common sense,” this conclu-
sion emphasizes the importance of assuring and improving
quality in pediatric neurosurgery through prospective surveil-
lance, but also through research and development of new de-
vices and refined techniques. Surgical safety checklists are an
example of widely implemented tools leading to profound
reduction of complication rates and ultimately also to a pre-
vention of several malpractice claims [16—-18]. Devising and
following in-house guidelines regarding commonly encoun-
tered situations (such as VPS infections or other infected im-
plants) could further increase the surgeon’s protection from
liability. Such standard operating procedures (SOPs) aim to
reduce variation, uncertainty, and confusion and to increase
consistency, quality and safety [19]. Low adherence to SOPs
is associated with a higher rate of adverse events [20]. From a
theoretical point of view, these measures reduce the weak-
nesses and gaps in the defensive layers and thereby make it
more difficult for a hazard to manifest itself into harm for the
patient [21].

The physician’s perceived risk of a malpractice claim de-
pends on the actual risk of a claim, the chance of a claim being
affirmed and the average amount of the indemnity payments
[3]. Considering our results and the reviewed literature, the
two latter aspects are probably not sufficient to explain the
perceived pressure expressed by neurosurgeons to protect
themselves by practicing defensive medicine or even elimi-
nating high-risk operations from their practice [22]. However,
in virtually all studies on this topic, the overall number of
claims is significantly higher than the number of claims finally
leading to a payment. While a physician can prepare for such
payments through malpractice insurance, the reputational,
psychological, and emotional implications will remain, inde-
pendent of the outcome of a claim [23]. There is evidence that
this perceived pressure leads to defensive medicine in a sig-
nificant proportion of physicians [22, 24]. While higher
healthcare costs due to additional diagnostic tests or imaging
studies are certainly an important aspect, we would like to
emphasize an even more relevant aspect in pediatric neurosur-
gery: Defensive medicine in pediatric neurosurgical patients
may cause (potential) harm to the child when it comes to
additional general anesthetics for MRI scans or radiation ex-
posure for additional CT scans ordered to reduce a perceived
legal risk rather than based on unequivocal medical
indications.

Limitations of the present study are mainly due to the ret-
rospective study design and the usual limitations of big data
approaches. Databases of different German Medical Councils
vary in terms of included data elements, which hamper the
pooling of data and led us to limit our analysis to one coverage
area. Additionally, malpractice cases can be directly taken to

court without prior consultation of a review board, resulting in
selection bias in this study.

Conclusions

Pediatric neurosurgery accounted for 1.8% of all pediatric
malpractice claims. In 14% of these claims, a medical
error was confirmed. The malpractice claim rate thus ap-
pears to be lower than expected for a high-risk specialty.
In all cases entailing malpractice claims, complications of
medical care had occurred. While such adverse events
were confirmed in all cases by expert review, a medical
error was detected in only one case, and this malpractice
claim was thus affirmed. Adverse event rate appears to be
a predictor for malpractice claim burden, highlighting the
importance of surgical checklists, standard operating pro-
cedures, and morbidity and mortality surveillance. The
most common scenario in this study leading to a malprac-
tice claim was a CSF diversion procedure with a compli-
cated course, likely reflecting the high volume of hydro-
cephalus cases encountered in pediatric neurosurgery.
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