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Risk factors in iatrogenic spinal cord injury

A Montalva-Iborra1, M Alcanyis-Alberola2, C Grao-Castellote1, F Torralba-Collados1 and M Giner-Pascual1,3

Study design: In the last years, there has been a change in the aetiology of spinal cord injury. There has been an increase in the
number of elderly patients with spinal cord injuries caused by diseases or medical procedures.
Objective: The aim of this study is to investigate the frequency of the occurrence of iatrogenic spinal cord injury in our unit. The
secondary aim is to study what variables can be associated with a higher risk of iatrogenesis.
Methods: A retrospective, descriptive, observational study of patients with acute spinal cord injury admitted from June 2009 to May
2014 was conducted. The information collected included the patient age, aetiology, neurological level and grade of injury when
admitted and when discharged, cardiovascular risk factors, a previous history of depression and any prior treatment with anticoagulant
or antiplatelet drugs. We applied a logistic regression. The grade of statistical significance was established as Po0.05.
Results: In total, 265 patients were included. In 48 of the cases, the cause was iatrogenic (18.18%±4.6% IC). The most frequent
level of injury was the thoracic level (48%). The main aetiology of spinal cord injury caused by iatrogenesis was surgery for degenerative
spine disease, in patients under the age of 30 were treated with intrathecal chemotherapy.
Conclusions: Iatrogenic spinal cord injury is a frequent complication. A statistically significant association between a patient history of
depression and iatrogenic spinal cord injury was found as well as with anticoagulant and antiplatelet drug use prior to iatrogenic spinal
cord injury.
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INTRODUCTION

Spinal cord injury (SCI) is a serious disease with a high socio-
economic cost associated with the significant disability it causes and its
associated high lifelong health expenses. It is a devastating disease with
a frequency of occurrence of 12.1–57.8 cases per million.1

Our Spinal Cord Injuries Unit (SCIU) works as a reference
centre for the treatment of acute SCI in the Comunitat Valenciana
(5 004 844 inhabitants according to the National Institute of
Statistics in 2014). This unit receives an average of 55 hospital
admissions per year; patients with minor SCI are attended to on an
outpatient basis.
In 2010, a study was carried out in our centre.2 We objectified a

frequency of occurrence of iatrogenesis of 10.4%. In the current study,
we wanted to know the current frequency of occurrence in our area
and to analyse the possible associated risk factors.
In the last decade, the number of elderly patients with spinal cord

injuries due to falls or medical conditions has increased. In our centre,
the traumatic and the nontraumatic aetiology have been at 50% in the
last 2 years. The points driving license scheme entered into force in the
Spanish State on 1 July 2006 has proved effective in reducing accidents
and increase road safety.3

It should be noted that there is a difference between iatrogenesis
and medical malpractice. Iatrogenesis (iatros-doctor; genus-origin)
concerns any negative change in a patient as a consequence of
any medical act. In this study, we understand all medical interventions
to be iatrogenic acts, whether therapeutic or diagnostic, that cause

the deterioration of an existing SCI or the appearance of an SCI.
Malpractice implies inattention or a mistake as a result of
a miscalculation of the consequences of a medical action.

The main objectives of the study are as follows:

� To calculate the frequency of the occurrence of iatrogenic spinal
cord injuries in our area.

� To identify the act that caused the iatrogenesis (surgical proce-
dure, diagnostic or therapeutic technique or side effects).

The secondary objective is to determine which of the diverse
variables that have been studied are statistically associated with the risk
of suffering from iatrogenesis.

MATERIALS AND METHODS
This study is a retrospective, descriptive, observational study, in which the case
histories of the patients who were admitted in our unit from 2009 to 2014 were
examined to find those patients with iatrogenic spinal cord injuries.

Iatrogenesis cases were classified into the following three categories according
to the causal act:

� Surgical procedures: laminectomy,4 discectomy,5 arthrodesis,6 surgical

correction of scoliosis,7 surgery due to aortic aneurysm.8

� Techniques: anaesthetic9 and epidural analgesia, arterial chemoemboliza-

tion, arteriograms, vertebroplasty.10
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� Pharmacological causes: spontaneous epidural haematoma in patients

undergoing anticoagulation therapy11 or antiplatelet drug12 therapy

(ASA/OAC) or toxic effects due to therapy with intrathecal

chemotherapy.13,14

Subjects

The inclusion criteria were as follows:

� To have a spinal cord injury as a consequence of any medical action,

whether therapeutic as diagnostic.

� To demonstrate neurological deterioration according to the classification

criteria of the American Spinal Injury Association (AIS)15 after the surgery

in relation to the previous state of the patient.

The exclusion criteria were as follows:
-Surgery due to tumour occurrence, considering that it is inevitable in these

cases because it is necessary to carry out resection with healthy margins, with
the exception of the cases of postoperative complications such as infections16 or
technical failure.

Variables
For each of the patients, we checked their age, gender, department of origin,
aetiological diagnosis, type of precipitating procedure of iatrogenesis, whether
they had a history of dyslipidaemia (DLD), arterial hypertension (AH), diabetes
mellitus (DM), a substance history, a history of depression or obesity17,18 as
well as whether they were previously administered therapy with ASA/OAC
before the event and the level and grade of the injury when they were admitted
and discharged. In the event that it was an iatrogenic case, we checked what
type of iatrogenesis it was (surgical, technical or pharmacological).

Statistical methods
To calculate the frequency of occurrence of iatrogenesis, we divided the number
of patients admitted due to iatrogenesis by the total of admissions. We
calculated a 95% confidence interval.
To determine the type of relation existing between the variables studied and

the risk of suffering from iatrogenesis, a logistic regression was applied.
The results were obtained through the statistical software R (version 3.1.2,

Statistical Department from La Fe Hospital, Valencia, Spain).

RESULTS

General information
A total of 264 cases were included in the study, while only 48 of them
(18.18%± 4.6%) met the iatrogenic SCI criteria. In total, 22 out of
these 48 (45.8%) were males, whereas 26 (54.2%) were females. We
calculated a mean age of 56.04 years with a s.d. of 21.81. The age range
was between a minimum of 3 and a maximum of 82 years.
An increase in the frequency of occurrence of iatrogenesis from the
7th decade of life is visible (Figure 1).

By specialty
In regard to the percentage of iatrogenic patients caused by specialties,
the majority are concentrated in Orthopaedic Surgery and Trauma-
tology (27.1%), and Neurosurgery (27.1%), followed by anaesthesia
(12.5%), Cardiovascular Surgery (10.4%) and Haematology (10.4%).
The remaining percentage comprised the rest of the specialties
(12.5%).

By aetiology and cause
In total, 52.1% of the iatrogenesis cases were caused by surgical
procedures, while 27.1% were caused by techniques and 20.8% were

due to pharmacological causes. Figure 2 shows the frequency and the
percentage of the cases according to the type of iatrogenesis shown.

Diseases
The disease that causes the most amount of iatrogenic intervention is
degenerative spine disease procedures19 (31%), which is followed by
intrathecal chemotherapy (12.5%), epidural anaesthesia (10.4%) and
aortic aneurysm surgery (10.4%). We show the principal causes in
Table 1.

Level and grade
The most frequent level of spinal cord injury was the thoracic level
(nearly 50%). The most frequent grade of injury according to the
AIS scale when the patients were admitted was grade C (43%), while
the most frequent grade upon discharge was grade D (31%). Tables 2
and 3 show the grades and levels of injury of the patients who had
been admitted due to iatrogenesis at admission and discharge.

By risk factor
The results obtained are shown below (Table 4). The variables
ASA/OAC and history of depression show a statistically significant
effect; the variables ASA/OAC and depression, with Odds Ratios of
5.73 and 3.24, respectively, could be considered risk factors in regards
to iatrogenesis.
However, despite not being able to determine a statistically

significant effect from the rest of variables, a trend is apparent; the
variables dyslipidaemia and hypertension increase the risk of suffering
from iatrogenesis. Finally, as shown in Table 3, a tendency for the
variables age and obesity is also apparent; these variables are associated
with Odds Ratios very close to 1 (0.99 and 1.12, respectively).

Figure 1 Distribution by age of the iatrogenic subjects.

Figure 2 Frequency according to the type of iatrogenesis. A full colour
version of this figure is available at Spinal Cord journal online.
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DISCUSSION

In the study carried out 5 years ago by Alcanyis et al. in our same area,
a 10% frequency of occurrence of iatrogenesis was observed. In our
study, the frequency of occurrence of iatrogenesis was 18.18%. In our
study, the most frequent iatrogenesis originating cause was surgery for
canal stenosis. In our study, the most frequent grade of injury derived
from iatrogenesis was grade D, while the most frequent degree of
injury in Alcanyis study upon discharge was grade C. In both studies,
the thoracic level predominated over the cervical or lumbar levels.
Alcanyis et al. excluded the cases of neoplastic aetiology. In this study,
we decided to include the cases caused by intrathecal CHT because of
the amount of cases in which there had been a technical failure, toxic
effect or postsurgical infection (12.5%).
The prospective study of patients with spinal cord injuries

carried out by O’Connor20 showed that 2% of the new cases of
patients with spinal cord injuries were caused by surgical procedures.
Augustis et al.21 a study from Sweden, calculated the frequency of
occurrence of spinal cord injury in children. They detected a frequency
of occurrence of 3.3% of spinal cord injuries after disc surgery due to
deformation. In our study, 3 cases of patients under 16 with spinal
cord injuries caused by intrathecal CHT are especially significant. The
study of Bacher et al,22 carried out 15 years ago, demonstrated that
iatrogenesis was associated with surgical procedures in discs (0.69%)
with a mean patient age of 34.4 years.
There is no unanimity about the classification of iatrogenic spinal

cord injury. In the revision carried out by New et al. they defended
that there are two different work groups. One includes iatrogenesis
as traumatic aetiology;23 the other includes it as nontraumatic. As
a consequence, the series collected could present very heterogenetic
samples and quite different results.

By age
Advanced age is independently associated with an increase of
the volume of postoperative spontaneous epidural haematoma.24 Sebas-
tiá et al.25 reported an increase in the age of the typical spinal cord injury
patient in a 13-year retrospective study. They also detected a mean age of
45.9. In other studies1 of traumatic spinal cord injury, two age peaks
were detected regarding the frequency of occurrence. In this study, we

can see an increasing tendency with regard to age, with a maximum peak
in the 7th decade of life. Our results coincide with the study by
Alcanyis et al. with a mean age of 56, not finding a statistically significant
relation between age and the risk of suffering from iatrogenesis.

By cardiovascular risk factor
There are multiple articles that could explain the alterations observed
on the micro- and macrovascular scales of AH, DLD, DM and
substance history. In their study, Chen et al.26 deduced that both the
age and a prior arterial hypertension history are risk factors for
iatrogenesis and that a prior history of diabetes mellitus is related to
the increase of the risk of suffering from iatrogenesis. They obtained
significant results for gender and AH.
Some studies27 have reported an increase in the frequency of

occurrence of surgical wound infections of lumbar surgery due to
tumours compared with non-tumour origin infections. Diabetes
mellitus28 and the abuse of intravenous drugs are factors that increase
the risk of postoperative infection.
Although statistical significance for AH, DM and DLD has not been

demonstrated in our work, tendencies for these factors have been
demonstrated.
The results of our study showed the statistically significant relation

between depression history and iatrogenesis, a factor that has not been
considered in other similar studies. Our results could also be related to
age. It has been proven that the presence of chronic pain is directly
related to depression.29 Depression has been catalogued by other
authors as a risk factor for adverse medical results in patients with
acute coronary syndrome.30 Pain due to degenerative spine disease is
very difficult to treat and is increasingly observed associated with
depressive states. It is unclear whether depression is responsible for
a decrease in pain threshold or is a consequence of chronic pain. They
are complex patients, often demanding a solution to their problem,
forcing the doctor to adopt aggressive treatments.
Many studies31 and meta-analyses have proven that depression is

a strong predictor of adverse results in heart diseases. According to
Barth et al.32 depression symptoms and clinical depression have an

Table 1 Principal aetiology and procedures in iatrogenic spinal cord

injury

Iatrogenic spinal cord causes % (N)

Lumbar degenerative disease surgery 16,6% (8)

Cervical degenerative disease surgery 14,6% (7)

Intrathecal chemotherapy 12.5% (6)

Epidural anesthesia 10.4% (5)

Aortic aneurysm surgery 10.4% (5)

Arteriography 8.3% (4)

Vertebroplasty 6.25% (3)

Late haematoma post surgery 4.1% (2)

Failed back syndrome surgery 4.1% (2)

Degenerative scoliosis surgery 2.05% (1)

Chemoembolization 2.05% (1)

Spontaneous epidural haematoma 2.05% (1)

Neuromuscular lordosis surgery 2.05% (1)

Accidental spinal cord section in meningioma surgery 2.05% (1)

Intrathecal pump 2.05% (1)

Total 48

Table 2 Grades of spinal cord injury when admitted and discharged

according to ASIA

Admission Discharge

Level
Cervical 13 (27.1%) 10 (20.8%)

Thoracic 23 (47.9%) 24 (50%)

Lumbar 12 (25%) 12 (25%)

Éxitus 0 2

Total 48 46

Table 3 Level of spinal cord injury according to ASIA when admitted

and discharged

Admission Discharge

Grade
A 7 (14.6%) 6 (12.5%)

B 2 (4.2%) 3 (6.2%)

C 21 (43.8%) 10 (20.8%)

D 5 (10.4%) 15 (31.2%)

Total 35 34
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unfavourable impact on the mortality of patients with coronary
diseases, and depression must be considered a relevant risk factor in
patients with any coronary disease.
More research is needed to identify and develop efficient interven-

tions for patients with chronic pain before the depression begins to
become an accompanying symptom; also, further investigations are
necessary to solve the problem about whether depression is a causal
risk factor for morbidity and cardiovascular mortality in these patients.
We did not observe differences between sexes, even though the

study by Chen et al.26 demonstrated that surgery was safer in women
than in men because of hormones such as oestrogen and progesterone,
which have neuroprotective effects due to Bcl-2 secretion.
Another unique discovery from our study is the relation between

the intake of anticoagulant or antiplatelet drugs and SCI. The treated
patients have a 5-fold higher risk of suffering from SCI than those who
do not take these drugs. It is known that the first cause of spinal
epidural haematoma is idiopathic, followed by anticoagulant therapy.9

However, there are several articles that address this relation. Iatrogenic
spinal epidural haematomas are frequently associated with alterations
in coagulation.33 The patients treated with anticoagulant and
antiplatelet drugs are usually elderly people.34 We hypothesise these
patients may suffer a higher frequency of falls because they suffer from
retarded coagulation, which could produce a larger haematoma in
these patients (as in intracerebral haemorrhages35) than in patients
who have not been treated, increasing the frequency of occurrence
of SCI.

Limits of the study
It is not possible to know the frequency of occurrence of each of the
procedures carried out because most of them took place in other
hospitals, and we do not have the information on all the surgeries
performed in the other hospitals. We studied the risk factors
individually.
It is probable that all the variables were not collected in the data

collection process because it was not possible to find them. Through-
out the study period, there was a change from paper-based case
histories to computer-based case histories. The digitalized documents
were revised, but some of the case histories were partially incomplete.
Regarding the risk factors involved, there are studies that examine

each of them independently, but not the way they increase when some
of them combine, which happens in most cases. This should be taken
into account in future studies.

CONCLUSIONS

There are some conclusions that can be drawn from this study: the
frequency of occurrence of iatrogenesis in this study is higher than that
in others where non-surgical patients are not considered.

Pharmacological iatrogenesis represents an important percentage that
should be considered when prescribing anticoagulant and antiplatelet
drugs because they are statistically associated with the risk of epidural
haematoma. A statistically significant association between a personal
history of depression and iatrogenic SCI has been found.
The results obtained in this study may be a casual discovery, but

they should be considered in future studies. More research is needed
to identify and develop efficient interventions in patients with risk
factors who are going to undergo surgery.
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