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Iatrogenic spinal cord injury: an observational study
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Study design: Retrospective descriptive observational study.
Objective: The primary objective of this study was to quantify the incidence of iatrogenic spinal cord
injury (SCI) at our SCI unit (SCIU). The secondary objective was to discover the surgical and medical
procedures that cause iatrogenic SCI and to estimate the incidence with each procedure.
Subjects: Patients admitted to or seen at outpatient services of the SCIU at a university hospital.
Methods: Histories were compiled from 1 July 2005 to 30 June 2009. We included patients with SCI
caused by any medical or surgical procedure. We collected age, sex, diagnosis leading to medical
intervention, predominant clinical manifestations, medical–surgical procedure and level and grade of
injury upon admission and discharge.
Results: Out of 250 patients admitted to the SCIU, 32 (14.7%) patients presented iatrogenic SCI.
Average age was 56.2 (s.d. 17.3), ranging from 0 to 82 years old. The most frequent clinical
manifestation was pain. The most common diagnosis was channel stenosis. Lumbar level grade C of
American Spine Injury Association (ASIA) was the most frequently observed.
Conclusion: The rise in the population’s life expectancy entails an increase in elderly patients with
vascular risk factors, who underwent invasive interventions leading to spinal cord iatrogenia.
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Introduction

Iatrogenic disorder (from the Greek iatros: doctor; genus:

origin) is defined as any adverse condition in a patient,

occurring as a result of treatment by a physician, a surgeon

or other health professionals. It has currently been expanded

to define any undesirable event, experienced by a patient,

directly resulting from a medical intervention. Iatrogenia is

more frequent than what is believed and it is an obvious risk

for patients.1 The concept of iatrogenia must not be

confused with malpractice.

A spinal cord injury (SCI) may result from an iatrogenic

intervention with ethical, legal and financial repercussions.2

In literature, there are series of isolated cases, although

very few general reviews covering the various etiologies of

iatrogenia in SCI, which focus especially in surgical treat-

ment. The causes found are the following:

� Surgical: laminectomy,3 discectomy,4 arthrodesis,5,6 scoliosis,7

exeresis of calcified yellow ligaments,8 vascular surgery,9,10

use of surgicel.11,12

� Interventionist techniques: vertebroplasty,13 arterial embo-

lization,14 epidural anesthesia,15 intramuscular injections,16

acupuncture.17

� Drugs: platelet antiaggregants,18 acenocumarol,19 tumor

necrosis factor.20

� Physical therapy: manipulation.21

Our working hypothesis focuses on the perception that

lately, there has been an increase in the incidence of SCI due

to iatrogenic causes.

The primary objective of our study was:

1. To quantify the incidence of iatrogenic SCI at our SCI

unit (SCIU).

Our secondary objectives were:

2. To learn which surgical and medical procedures lead to

iatrogenic SCI.

3. To estimate the incidence of iatrogenic SCI derived from

each diagnostic or therapeutic procedures.

Materials and methods

A retrospective descriptive study consisting in the review

of the clinical histories of patients admitted to or seen in

outpatient services of the SCIU at the Hospital La Fe in

Valencia, whose SCI was iatrogenic.
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Study period

We compiled data from patients admitted to the unit from

1 July 2005 to 30 June 2009.

Subjects

The inclusion criteria were: patients presenting spinal cord

or cauda equina injury preceded by any diagnostic, surgical,

pharmacological or physical therapy procedure carried out

by healthcare professionals or prescribed by a physician.

The exclusion criteria were: (i) patients who underwent

surgery due to tumors, as we consider that SCI is an

inevitable side effect if borders are to be left disease free

and (ii) patients treated with oral anticoagulants, presenting

SCI after a severe traumatic event, given that it is not

possible to ascertain whether the traumatism in itself could

have caused the SCI.

During the study period, 250 patients were admitted to the

SCIU, of which 32 met the criteria.

The SCIU at the Hospital La Fe is the reference unit for

treating SCI in the Community of Valencia, which has a

population of 4.1 million. The patients coming to the SCIU

have been diagnosed or intervened at the hospital or at other

hospitals in the region. In the Hospital La Fe 33 210

admissions occur each year, of which 2555 are due to

traumatic emergency. A total of 17 380 elective surgeries and

6779 urgent surgeries are performed every year. The hospital

has services of cardiac surgery, thoracic surgery and spine

surgery unit.

Patients were divided into two groups: those who under-

went invasive procedures (surgery and intervention), and

those subject to non-invasive procedures (drugs and physical

therapy).

We referred to the archive of clinical histories at our

hospital and obtained the total number of patients inter-

vened during the study period, with the following proce-

dures: arthrodesis, laminectomy, vertebroplasty, bronchial

artery embolization and oral anticoagulants.

Variables

For each patient, we collected age, sex, diagnosis leading to

medical intervention, predominant clinical manifestations

resulting in medical intervention, medical–surgical proce-

dure causing iatrogenia, day stay, level and grade of the

injury upon admission and discharge. If the patient had

undergone an invasive procedure, we also collected data

from evoked potential tests and whether the patient received

megadoses of corticosteroids.

Statistical methods

In order to find the incidence, we divided the number of

patients with SCI due to iatrogenia admitted by the total

number of patients admitted to the SCIU. Then calculated

the confidence interval (CI) 95%.

In order to find significant differences between the injury

levels and between grades, we used the w2-test.

To check whether there were statistically significant

differences between the groups in the days and motor score

variables upon admission and discharge, we used Student’s

t-test, as they were continuous variables.

The statistical significance level established was Po0.05.

To confirm all hypotheses, we used the program SPSS v.15

(SPSS Inc., Chicago, IL, USA).

Results

A total of 250 patients were admitted to the SCIU, of which

26 met the criteria, which gives an incidence of iatrogenic

event in SCI of 10.4% (CI±3.8%). We found six patients

more, who were seen in outpatient services; we decided to

include them in the rest of analysis, total 32 patients. Eight

patients (25%) underwent non-invasive procedures and 24

patients underwent (75%) invasive procedures. In all, 19

patients were female (59%) and 13 patients were male (41%).

Average age was 56.2 (s.d. 17.3), ranging from 0 to 82 years

old, with 75% of the patients aged over 44 years. The average

age of the patients who underwent a non-invasive interven-

tion was 61.3 (s.d. 19.4), the average age of the patients

intervened was 54.5 (s.d. 16.5). No significant differences

were observed between the groups (P¼0.338). One was a

child, who, due to administrative regulations, could not be

admitted into our unit and the other five were grade D

injuries that improved rapidly. The average stay at the SCIU

for patients undergoing non-invasive treatment was 56.8

days (s.d. 41.6); for patients undergoing invasive treatment,

the average was 79.1 days (s.d. 53.8). We noted that there

were no significant differences between the groups with

Student’s t-test (P¼0.334).

The diagnoses leading to medical intervention are shown

in Table 1.

When we analyze the causes that lead to iatrogenic event,

spine pain or irradiation are the most frequent with 14 cases

(43.8%)

Table 2 shows the various interventions carried out on the

patients and how many of them were conducted at the

Hospital La Fe.

Table 3 shows diagnosis upon admission to the SCIU.

Table 1 List of diagnoses leading to the iatrogenic event

Diagnosis N1
cases

Frequency Mean age
(years)

s.d.
(years)

Cardiac atrial fibrilation (I48) 1 3.1 78
Scoliosis (M41) 1 3.1 75
Disc disorder (M50, M51) 2 6.3 60.5 ±29
Vertebral fracture
(M80, S12, S22, S32)

3 9.4 44.3 ±9.7

Valvular prosthesis (Z95.2) 2 6.3 66 ±4.2
Haemoptysis (R04.2) 3 9.4 54 ±16.6
Canal stenosis (M99.3, M99.4) 13 40.6 59.8 ±10.1
Lupus (L93) 1 3.1 56
Dystocic delivery (P03.2) 1 3.1 0
Pulmonary embolism (I26) 1 3.1 82
Arteriovenous fistula (I28) 1 3.1 63
Myeloproliferative
syndrome (D47)

1 3.1 40

Fibromyalgia (M79.7) 1 3.1 44
Transverse myelitis (G37.3) 1 3.1 34
Total 32 100.0 56.2 ±17.3

In brackets is the number corresponding to the ICD-10.
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The levels involved and the American Spine Injury

Association (ASIA) grade are shown in Table 4.

Upon admission, average ASIA score was 64.9 points (s.d.

22.2). Upon discharge from SCIU, average ASIA score was

73.6 points (s.d. 19), with an improvement of 8.1 points (s.d.

12.1). These results were significant (P¼0.001).

The units from where the patients came are shown in

Table 4.

Four out of the 24 intervened patients underwent

intraoperative monitoring with evoked potentials, and all

cases were normal.

During the study period, our hospital carried out a total of

1034 vertebral arthrodeses, of which four suffered a resulting

SCI, reflecting an incidence of 0.48% (CI (95%)±0.42%). A

total of 1132 laminectomies were conducted at our hospital

during the study period, of which three led to an SCI. The

incidence calculated was 0.26% (CI (95%)±0.29%).

Our hospital carried out 35 bronchial artery embolizations,

of which three suffered an SCI. This gives an incidence of

8.6% (CI (95%)±8.9%).

A total of 113 vertebroplasties were conducted at our

hospital, causing one SCI, producing an incidence of 0.9%

(CI (95%)±1.7%).

A total of 3900 patients were treated with oral antic-

oagulation during the study period in our area, of which two

suffered SCI, rendering an incidence of 0.05% (CI±0.07%).

These results are shown in Table 2.

We were unable to calculate the incidence of other

procedures, as they were not conducted at our hospital,

and it is difficult to know the exact number of interventions

carried out.

Discussion

This study includes 32 cases; to date, we have found no other

paper compiling such a long series of iatrogenic SCI. The

incidence of iatrogenic SCI in this study was 10.4%.

Bacher et al’s22 study showed 21 patients with iatrogenia,

exclusively following surgical procedures with an incidence

of 0.69%. Our incidence of iatrogenia is much higher. First,

our series include non-invasive procedures, representing

25% of the total, and second, the average age in Bacher

et al’s22 study is only 34.4, whereas the subjects in this paper

have an average age of 56.2, which suggests that an older age

could mean an iatrogenic risk factor. If we consider only

Table 2 Medical or surgical procedures leading to iatrogenia

N1 cases Frequency (%) H La Fea Total patients Incidence (%) Confidence interval (%)

Non-invasive procedures 8 25
Anticoagulants 4 12.5 2 3900 0.05 ±0.07
Antiaggregants 1 3.1
Manipulation 1 3.1
Chemotherapy 1 3.1 1
Human chorionic gonadotropin-b 1 3.1
Invasive procedures 24 75
Bronchial artery embolization 3 9.4 3 35 8.6 ±8.9
Vertebroplasty 1 3.1 1 113 0.9 ±1.7
Forceps 1 3.1
Vertebral arthrodesis 8 21.9 4 1034 0.48 ±0.42
Scoliosis surgery 1 3.1
Laminectomy 7 25.0 3 1132 0.26 ±0.29
Discectomy 2 3.1
Exeresis of calcified yellow ligament 1 3.1
Total 32 100 14

aPatients from Hospital Universitari La Fe.

Table 3 Levels involved and ASIA grade upon admission and discharge
from SCIU

Level n Percentage (%) P-values

Cervical 10 31 0.021
Thoracic 8 25
Lumbar 13 41
Sacrum 1 3

ASIA grade admission o0.05
A 3 9
B 3 9
C 13 42
D 11 34
E 2 6

ASIA grade discharge 0.003
A 3 9.4
B 1 3.1
C 12 37.5
D 12 37.5
E 4 12.5

Abbreviation: SCIU, spinal cord injury unit.

Table 4 Units of origin

Frequency Percentage (%)

Cardiology 1 3.1
Orthopedic surgery 7 21.9
Hematology 2 6.3
Neurosurgery 12 37.5
Pneumology 1 3.1
Obstetrics 1 3.1
Radiology 4 12.5
Emergency 4 12.5
Total 32 100.0
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non-invasive procedures, the average age is even higher,

reaching 61.3. An older age is associated with an increase in

vascular risk factors, which have been proven to be

associated with iatrogenic risk.5

Another explanation for our high incidence is that, we are

a reference unit for a large area of population and we see all

SCI generated, either at our hospital or in other hospitals in

our catchment. This may also be explained by the fact that

in this study, we included both cauda equina and conus

medullaris injuries. In the study by Podnar,23 the incidence

of iatrogenia in this type of injuries was 0.6 for every million

inhabitants.

Our study shows that iatrogenia is more frequent in

females (59%) than in males (41%), although the differences

are not significant. SCIs due to traumatism are more frequent

in males, in an approximate proportion of 80%;24 in injuries

of medical etiology, there are no gender differences in terms

of incidence.25 In this regard, we should highlight that the

most frequent cause leading to an iatrogenic event was

subjective clinical manifestations of pain, paresthesia or

sciatica, with a total of 14 out of 32 cases.

The pathology leading to an iatrogenic event varies;

nonetheless, the most frequent is spinal channel stenosis, a

total of 13 cases out of 32. It is worth noting the high risk, a

surgical intervention entails in this pathology, for not only is

there a mechanical factor of entrapment of neurological

structures, but also a deficient irrigation of the area has a

vital role.26

A total of 91% of the SCI received were incomplete, with a

predominance of grade C of ASIA, which was statistically

significant. Evolution of the injuries was positive, with a gain

of 8.1 points on the ASIA motor scale at the time of

discharge. In this regard, iatrogenic SCIs follow the same

positive pattern as incomplete injuries.27

Regarding the incidence of iatrogenic SCI in each

procedure, we found that surgical intervention of the spine

was the most frequent cause of SCI with 20 out of 24 cases, of

which vertebral arthrodesis and laminectomy were the most

frequent invasive procedures. This result is logical and

predictable, given the anatomical proximity of the spinal

cord to the surgical area. The incidence collected at our

hospital by spinal surgical procedures was: arthrodesis, 0.4%;

laminectomy, 0.2%; vertebroplasty, 0.9%. In the study by

Cramer et al.3 in a series of 11 817 patients, there was an

incidence of neurological injuries in spinal interventions of

0.18%. When there is cervical myelopathy associated with

cervical osteoarthritis, the possibility of post-surgical iatro-

genia is high. Martı́n et al.5 found an incidence of 11.3%.

As for the thoracic level, Ayhan et al.4 noted worsening on

the ASIA scale of 7.4% of the patients.

Another long series compiled by Delank et al.28 includes an

incidence of iatrogenia in scoliosis surgery of 0.55%. In our

study, the incidence of SCI following scoliosis was one case,

but we could not find the incidence as the patient was referred

from another hospital and we do not know the total number

of scoliosis interventions that were carried out. A limitation

of this paper is the lack of information on other surgical

procedures described as the cause of iatrogenia, as we lack all

the data necessary to find the iatrogenic incidence.

Of the 24 patients intervened, who suffered SCI, only four

were monitored with evoked potentials. Although false

negatives have been described during monitoring of motor

evoked potentials,29 follow-up of the corticospinal tract with

these motor potentials and of the posterior cord with sensory-

evoked potentials is currently a very useful tool to prevent

iatrogenic medullary injury in high-risk surgeries.30,31 In this

regard, it would be recommendable to encourage this practice

in spinal interventions and aortic surgery.

Outstanding for their high incidence are bronchial artery

embolizations, which, with three cases, provide an incidence

of 8.6%. According to the references checked, the prevalence

of medullary ischemia secondary to bronchial artery embo-

lizations is 1.4–6.5%.32,33 This incidence decreases with

supraselective catheterization, a good knowledge of spinal

artery anatomy and if migration of the embolization fluid

material is avoided.14

Non-invasive procedures amount to eight cases, or 25%

of the total, with oral anticoagulants as the most frequent

cause of SCI. Although the actual incidence in our environ-

ment is low, 0.05%, population sample is high, as they

are widely used drugs. We have found no studies objectifying

the incidence of iatrogenic SCI due to oral anticoagulation

use. A weakness of our study is that whether patients treated

with anticoagulants were well monitored is not known.

We want to mention an SCI resulting from applying human

chorionic gonadotropin-b in an infertility treatment, be-

cause it is very rare. Serour et al.34 described a series of 3500

patients with an incidence of 0.2% of thromboembolic

events and 0.07% strokes due to its procoagulant effect,

but no medullary infarction. We only found one case

presented by Lin et al.,35 describing a lateral medullary

syndrome following ovulation induction with recombinant

HCG in a 36-year-old woman with no known prior risk

factors.

It would be interesting to conduct prospective studies to

find which are the iatrogenic SCI risk factors and prevent

them.

Conclusions

In conclusion, in our study, iatrogenic SCI due to invasive or

non-invasive interventions has a high incidence (10.4%) in

our environment. These iatrogenic SCIs are basically in-

complete and at the lumbar level. The increased life

expectancy of the population entails a rise in the number

of elderly patients with vascular risk, who undergo invasive

interventions.

The highest risk surgical procedures are those involving

spinal surgery and bronchial artery embolizations, the latter

showing the highest risk in the series at 8.6%. It is essential

to take this risk into account when establishing surgical

indications, that the patient is duly informed and that

during the intervention, the patient’s motor and sensory

potentials are monitored. The non-invasive intervention

with more patients affected was the intake of anticoagulants,

so we must insist the patient and the physician to be careful

in using laboratory tests and drug interactions.

Iatrogenic spinal cord injury
M Alcanyis-Alberola et al

1191

Spinal Cord



Conflict of interest

The authors declare no conflict of interest.

Acknowledgements

We thank Drs Marı́a Delgado and Inmaculada Miguel for

their disinterested collaboration, Dr Beatriz Salañer for
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