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Abstract
Purpose  To investigate whether the World Health Organization Safety Surgical Checklist (SSC) is an effective tool to reduce 
complications in spinal surgery.
Methods  We retrospectively evaluated the clinical and radiological charts prospectively collected from patients who under-
went a spinal surgery procedure from January 2010 to December 2012. The aim of this study was to compare the incidence 
of complications between two periods, from January to December 2010 (without checklist) and from January 2011 and 
December 2012 (with checklist), in order to assess the checklist’s effectiveness.
Results  The sample size was 917 patients with an average of 30-month follow-up. The mean age was 52.88 years. The 
majority of procedures were performed for oncological diseases (54.4%) and degenerative diseases (39.8%). In total, 159 
complications were detected (17.3%). The overall incidence of complications for trauma, infectious pathology, oncology, 
and degenerative disease was 22.2%, 19.2%, 18.4%, and 15.3%, respectively. No correlation was observed between the type 
of pathology and the complication incidence. We observed a reduction in the overall incidence of complications following 
the introduction of the SSC: In 2010 without checklist, the incidence of complications was 24.2%, while in 2011 and 2012, 
following the checklist introduction, the incidence of complications was 16.7% and 11.7%, respectively (mean 14.2%).
Conclusions  The SSC seems to be an effective tool to reduce complications in spinal surgery. We propose to extend the use of 
checklist system also to the preoperative and postoperative phases in order to further reduce the incidence of complications.
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post-operative phases in order to further decrease surgical 
complications.   
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period from January 2010 to December 2012. The study 
was approved by the local ethics committee. All patients at 
the time of admission were asked to sign an informed con-
sent to prospectively collect demographic, surgical, clini-
cal, and quality-of-life information for research purposes.

Patient selection

The inclusion criteria were surgical patients with degen-
erative, traumatic, infectious (hematogenous spondylodis-
citis), and oncological spinal diseases, consented to par-
ticipate in the study by signing the consent form. Patients 
with surgical site infections secondary to previous surgery 
were excluded from the study.

Classification by disease and categories 
of complications

Patients were classified according to the spine pathology 
and the different presentation of the complication.

According to the pathology treated, there were onco-
logical, degenerative, traumatic, and infectious groups.

Complications were divided into seven categories:

1.	 postsurgical hematoma
2.	 surgical site infection
3.	 cerebrospinal fluid (CSF) leakage or fistula
4.	 mechanical complications (misplaced instrumentation 

and/or failure)
5.	 neurological complications
6.	 systemic complications
7.	 Surgery-related death

The complications’ classification and the patients’ inclu-
sion into the categories were performed by independent 
investigators, i.e., non-MD clinical researchers (1 research 
nurse and 1 clinical research assistant) not directly 
involved in the care of the patients. This was done to avoid 
the bias to which surgeons could be exposed in assessing 
the patients they had themselves operated on.

Intervention: intraoperative checklist

An intraoperative checklist (Safety Surgical Checklist), 
elaborated by the World Health Organization (WHO) in 

Introduction

The definition of complication in spinal surgery is currently 
not clear. It varies greatly both in different literature reports 
and between different surgical specialties [1–6]. Dindo and 
Clavien [4] defined a surgical complication as “any devia-
tion from the ideal postoperative course that is not inherent 
to the procedure and does not comprise a failure to cure.” 
Unfortunately, this definition is not universally adopted. The 
literature has different definitions, classifications, severity 
scales, and methods of identifications and reporting of sur-
gical complications, making their comparison difficult [3].

In general, the complication rate after spinal surgery 
ranges between 7 and 20% [1, 2, 7–11], while orthopedic 
surgery generally has a mean rate of complications of 5% 
[12].

Prospective studies reported a higher incidence of com-
plications compared with that in retrospective studies, due 
to more accurate record-keeping, the absence of recall 
bias, and clear definitions of complications [2, 7]. The rate 
of complications in spinal surgery does not appear to be 
lowered within the last 10 years, despite the well-known 
risk factors reported in the literature [9, 10, 12–17].

To face the problem of surgical complications, which is 
generally relevant in the surgical fields, an intraoperative 
checklist (Safety Surgical Checklist) was elaborated and 
released by the World Health Organization in 2008, and its 
use has been described in 2009 [18]. In our institution, the 
WHO Surgical Checklist was introduced in 2011.

In spinal surgery, many preventive measures were 
investigated to reduce complications [19–24], but there 
is no report on the effectiveness of the WHO checklist in 
reducing complications.

The aim of this study was to compare the incidence of 
the complications between the two periods, from Janu-
ary to December 2010 (without checklist) and from Janu-
ary 2011 and December 2012 (with checklist), in order to 
assess the checklist’s effectiveness.

Methods

Study design

A retrospective and single center study was carried out of 
patients who underwent spinal surgery during the 3-year 
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2008, was introduced for the first time in our center in 
2011.

The intraoperative checklist starts 1 h before the skin inci-
sion and finishes at the end of the surgery. It is composed of 
19 items, performed before induction of anesthesia, before 
skin incision, and before the patient leaves the operating 
room (Fig. 1). These items allow the surgeons and the medi-
cal staff to be aware of different critical points.

We registered the complications arising from 2010 to 
2012, assessing the possible differences before and after 
the checklist’s introduction.

Statistical analysis

Statistical analyses were conducted with SPSS v21.0 (SPSS 
Inc., Chicago, Illinois). Mean values and standard deviations 
(SD) were calculated for continuous variables, which were 
compared between groups by using heteroscedastic two-
tailed Student’s t tests. Categorical variables were analyzed 
using a Pearson’s two-tailed Chi-squared test. A p value 
< 0.05 was considered statistically significant.

Results

Sample size and demography

The sample size studied was 917 patients with a mean fol-
low-up time of 30 months, ranging from 12 to 48 months. 
The mean age was 52.9  years old, ranging from 3 to 
93 years, with similar distribution by gender. The major-
ity of procedures were performed for oncological patholo-
gies (499; 54.5%) and degenerative diseases (363; 39.7%). 
Table 1 summarizes patients’ demographic data. Patients 
treated in 2010 without the use of the WHO checklist were 
285, while patients treated in 2011 and 2012 with the use of 
WHO checklist were 632.

Incidence of complications

There were complications in 107 patients (11.6%) over 917 
spinal surgery procedures performed, with 159 (17.3%) com-
plications overall. The incidence of overall complications 
for trauma, infectious pathology, oncology, and degenerative 
disease was 22.2%, 19.2, 18.4%, and 15.3%, respectively. 

PATIENT HAS CONFIRMED
• IDENTITY
• SITE
• PROCEDURE
• CONSENT

SITE MARKED/NOT APPLICABLE

ANAESTHESIA SAFETY CHECK COMPLETED

PULSE OXIMETER ON PATIENT AND FUNCTIONING

DOES PATIENT HAVE A:

KNOWN ALLERGY?
NO
YES

DIFFICULT AIRWAY/ASPIRATION RISK?
NO
YES, AND EQUIPMENT/ASSISTANCE AVAILABLE

RISK OF >500ML BLOOD LOSS 
(7ML/KG IN CHILDREN)?
NO
YES, AND ADEQUATE INTRAVENOUS ACCESS 
AND FLUIDS PLANNED

NURSE VERBALLY CONFIRMS WITH THE
TEAM:

THE NAME OF THE PROCEDURE RECORDED

THAT INSTRUMENT, SPONGE AND NEEDLE
COUNTS ARE CORRECT (OR NOT
APPLICABLE)

HOW THE SPECIMEN IS LABELLED
(INCLUDING PATIENT NAME)

WHETHER THERE ARE ANY EQUIPMENT
PROBLEMS TO BE ADDRESSED

SURGEON, ANAESTHESIA PROFESSIONAL
AND NURSE REVIEW THE KEY CONCERNS
FOR RECOVERY AND MANAGEMENT 
OF THIS PATIENT

SIGN IN

CONFIRM ALL TEAM MEMBERS HAVE
INTRODUCED THEMSELVES BY NAME AND
ROLE

SURGEON, ANAESTHESIA PROFESSIONAL
AND NURSE VERBALLY CONFIRM
• PATIENT
• SITE
• PROCEDURE

ANTICIPATED CRITICAL EVENTS

SURGEON REVIEWS: WHAT ARE THE
CRITICAL OR UNEXPECTED STEPS,
OPERATIVE DURATION, ANTICIPATED
BLOOD LOSS?

ANAESTHESIA TEAM REVIEWS: ARE THERE
ANY PATIENT-SPECIFIC CONCERNS?

NURSING TEAM REVIEWS: HAS STERILITY
(INCLUDING INDICATOR RESULTS) BEEN
CONFIRMED? ARE THERE EQUIPMENT
ISSUES OR ANY CONCERNS?

HAS ANTIBIOTIC PROPHYLAXIS BEEN GIVEN
WITHIN THE LAST 60 MINUTES?
YES
NOT APPLICABLE

IS ESSENTIAL IMAGING DISPLAYED?
YES
NOT APPLICABLE

TIME OUT SIGN OUT

Before induction of anaesthesia Before skin incision Before patient leaves operating room

SURGICAL SAFETY CHECKLIST (FIRST EDITION)

THIS CHECKLIST IS NOT INTENDED TO BE COMPREHENSIVE. ADDITIONS AND MODIFICATIONS TO FIT LOCAL PRACTICE ARE ENCOURAGED.

Fig. 1   The Surgical Safety Checklist as reported in its first edition by the World Health Organization (WHO) in 2008
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No correlation was observed between the type of pathol-
ogy and the incidence of complications (p = 0.48). The 
most frequent complications were wound infection (5.5%), 
mechanical complications (4.4%), and neurological injury 
(3.2%). Considering that almost 95% of the patients analyzed 
were affected by oncologic and degenerative diseases [864 
patients (94.22%) vs. 53 patients (5.78%) affected by trau-
matic and infectious diseases], we compared the incidence 
of complications in these two groups, observing a trend to a 
higher wound infection complications (7.4%) in oncologic 
patients, while a trend to a higher rate of mechanical com-
plications (5.8%) was observed in patients with degenera-
tive diseases, even in the absence of statistical difference 
(p = 0.12). The incidence of complications according to 
diagnosis and operation period is summarized in Table 2 and 
represented in Figs. 2 and 3. In the period analyzed, early 
complications (arising within 1 month after surgery) were 
43.3% globally of all complications (Fig. 4). Moreover, 7.6% 
of 917 interventions required a surgical revision due to post-
operative complications and 2.4% of 917 interventions had 
neurological sequelae involving permanent damage (Fig. 5).

Efficacy of the intervention

We observed a reduction in the overall incidence of com-
plications following the introduction of the WHO Safety 
Surgical Checklist: In 2010, the incidence of complications 
was 24.2% without the checklist, while in 2011 and 2012, 
following the introduction of the checklist, the incidence 
of complications was 16.7% and 11.7%, respectively (mean 
14.2%) (p < 0.0005).

Discussion

Spinal surgery complications are still a relevant and 
unsolved problem. The incidence of complications in spinal 
surgery literature ranges between 7 and 20% [1, 2, 7–11]. 
The purpose of this study is to investigate whether the World 
Health Organization (WHO) Safety Surgical Checklist is an 
effective tool to reduce complications in spine surgery. In 
our study population, a reduction in the overall incidence 
of complications has been observed following the introduc-
tion of the WHO Safety Surgical Checklist: In 2010, with-
out the use of the checklist, the incidence of complications 

Table 1   General demographics 
and diagnosis of the study 
population

a Values given as number of patients (%)

Variable Operation periods (year)

2010 2011 2012 2010–2012

No. of patients 285 324 308 917
Mean age (years) 52.69 ± 18.38 52.94 ± 19.34 52.94 ± 18.57 52.88 ± 18.77
Diagnosisa

 Oncology 148 (51.93) 184 (56.79) 167 (54.22) 499 (54.42)
 Infection 9 (3.16) 7 (2.16) 10 (3.25) 26 (2.84)
 Trauma 11 (3.86) 10 (3.09) 6 (1.95) 27 (2.94)
 Degenerative disease 117 (41.05) 123 (37.96) 125 (40.58) 365 (39.80)

Table 2   Incidence of complications according to diagnosis and operation periods

Complication incidence (%)

Overall Wound infection Hematoma Neurological Liquor leakage Surgery-
related death

Mechanical Systemic

Diagnosis
 Oncology 18.44 7.41 1.60 2.81 1.40 0.40 3.01 1.80
 Infection 19.23 7.69 0.00 3.85 0.00 0.00 7.69 0.00
 Trauma 22.22 7.41 0.00 3.70 0.00 0.00 7.41 3.70
 Degenerative 15.34 2.47 0.82 3.56 1.92 0.00 5.75 0.82

Operation periods
 2010 24.21 7.37 1.05 5.26 2.11 0.70 6.32 1.40
 2011 16.67 4.94 0.93 3.09 0.93 0.00 5.56 1.23
 2012 11.69 4.22 1.62 1.30 1.62 0.00 1.30 1.62
 Total 17.34 5.45 1.20 3.16 1.53 0.22 4.36 1.42
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was 24.2%, while in 2011 and 2012, following the checklist 
introduction, the incidence of complications was 16.7% and 
11.7%, respectively (mean 14.2%) (p < 0.0005).

We faced two aspects of spinal surgery complications: (1) 
the collection and classification; (2) the use of preventive 
measures to improve safety.

Collection and classification of spinal surgery 
complications

Nasser et al. [7] performed a systematic evidence-based 
review of 105 published studies concerning spinal surgery 
(84 retrospective, 21 prospective) and found a higher inci-
dence of complications (19.9%) in prospective studies com-
pared with retrospective studies (16.1%). This is second-
ary to the greater accuracy of record-keeping, the absence 
of recall bias, and clear definition of complication [2, 7, 
17]. The incidence of complications varied widely in spinal 
surgery literature, even in prospective studies. Rampersaud 
et al. [3] reported an overall incidence of intraoperative 
adverse events of 14% (98 adverse events in 700 patients), 
but only 23 adverse events led to postoperative clinical 
sequelae for an overall intraoperative complication incidence 
of 3.2%, while Yadla et al. [2] reported a very high rate 
of early complications (those occurring within 30 days of 

surgery): global incidence of 53.2%, with a minor complica-
tion incidence of 46.4% and a major complication incidence 
of 21.3%.

There is no standard definition of complications in spine 
surgery literature [3]. Different definitions and classifications 
of complications by different investigators make difficult to 
compare studies. The Clavien–Dindo and SAVES capture 
and grading systems [25–27] divide the severity of surgical 
complications into levels based on the grade of treatment 
required to face the complication. Complications were cat-
egorized as major or minor by Glassman et al. Significant 
complications requiring reoperation or leading to permanent 
deficit were considered major complications. Other general 
medical adverse events or perioperative events with time-
limited effect were considered minor complications [28].

To date, few studies have evaluated the effect of com-
plication severity on clinical outcomes [28–30]. Glassman 
et al. analyzed a prospective multicenter database for adult 
spinal deformity to explore the effects of major and minor 
complications on 1-year disability, pain, postoperative qual-
ity of life and found that major complications, although rare, 
evidently deteriorated the quality of life [28]. Fritzell et al. 
[29] found no significant differences of effects of major 
and minor complications on 2-years outcomes in three dif-
ferent types of fusion surgery. Grainger et al. explored the 

Fig. 2   Upper plots represent spine surgeries performed during the period 2010–2012 stratified according to diagnosis. Lower plots represent % 
of complications for each group of pathology during the period 2010–2012
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relationship between severity of complications and outcomes 
in a larger sample of patients following Clavien–Dindo clas-
sification of complications and found that the severity of 
perioperative surgical complications does not appear to 
influence 1- or 2-year pain and disability outcomes [30]. 
Lambat et al. confirmed, through a large retrospective study, 
that Oswestry Disability Index (ODI) at 2-year follow-up 
was not statistically different between patients having no 
complications, minor complications, or major complica-
tions. However, if the minimum clinically important differ-
ence (MCID) for ODI was analyzed, it resulted statistically 
significantly smaller in the major complication group (31%) 
than in the minor complication (51%) and no complication 

groups (65%; p < 0.001) [10], demonstrating an impact of 
complications on outcome.

Chen et al. recently conducted an interesting experiment. 
They compared the complications rate among groups of 
patients undergoing spine, hip, knee, and shoulder surgery; 
the study was a 10-week prospective study where SAVES 
V2 and OrthoSAVES were used by six orthopedic surgeons 
and two independent, non-MD clinical reviewers to record 
adverse events after all elective procedures. For a spine sur-
geon, the first important result of this study was the highest 
rate of complications in the spinal surgery group compared 
to the other surgeries, but the most important observation of 
this study was that overall, 99 adverse events were captured 
by the reviewers, compared with 14 captured by the surgeons 

Fig. 3   Plot a represents num-
bers of cases for each type of 
complication during the period 
2010–2012. Plot b represents % 
of different complication types 
vs. total number of complica-
tions during the same period
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(p < 0.001); surgeons adequately captured major adverse 
events, but failed to record minor events that were captured 
by the reviewers; in the spinal surgery group, reviewers cap-
tured 45 adverse events versus 8 captured by surgeons [31].

The study by Chen et al. [31] confirmed the rate of com-
plications as a problem to be urgently faced in spinal surgery 
and highlighted the inadequate figure of the surgeon as an 
evaluator of complications. It seems that spinal surgeons 
underestimate the complications impact on the patients 

and health system. As in a football game, the winning team 
usually maintains the best balance between the offense and 
defense units; in comparison, surgeons probably represent a 
really good offense unit (mission), but they lack in defense, 
where Chen’s reviewers demonstrated to be the better unit 
in that area (safety). The question to be addressed is what 
should be the first, mission or safety? We need an independ-
ent reviewer team (defense unit) to reduce complications and 
improve safety, and in doing so, we will probably improve 
clinical outcomes as well.

In this retrospective study, we observed that the over-
all incidence of complications in our spine surgery center 
during 3 years was 17.3%. We divided the complications 
into seven categories: hematoma, infection, cerebrospinal 
fluid (CSF) leakage or fistula, mechanical complications, 
neurological damages, systemic complications, and surgery-
related death. This is probably the main weakness of the 
study: As the collection of complications started using a 
non-standardized system inserted in the hospital medical 
charts, any known classification system (as Glassman’s, 
Clavien–Dindo’s or SAVES systems) was used [25–28]; 
this probably caused an underestimation of the number of 
complications captured.

The most frequent complications observed in the current 
study were wound infections (5.5%), mechanical compli-
cations (4.4%), and neurological damages (3.2%). In our 
study population, almost 95% of the patients were affected 
by oncologic and degenerative diseases; we observed a trend 
to a higher wound infection complications (7.4%) in onco-
logic patients, while a trend to a higher rate of mechanical 
complications (5.8%) was observed in patients with degen-
erative diseases, even in the absence of statistical difference 
(p = 0.12).

This study found no correlation between diagnosis and 
overall complications’ incidence (p = 0.48). This was dif-
ferent from other large-scale studies which report a higher 
incidence of complications in patients undergoing surgery 
for oncological pathologies [8, 9, 32, 33]. This could be 
mainly due to the long experience of the authors in tumor 
spinal surgery [34–36].

This study found a rate of early complications (arising 
within 1 month after surgery) of 43.3%, a rate of compli-
cations requiring surgical revision of 7.6%, and a rate of 
neurological sequelae causing permanent damage of 2.4%. 
These types of complications have a relevant impact on the 
health system and, especially, the last two categories on the 
patients’ quality of life and clinical outcomes.

Preventive measures to improve safety: the WHO 
Surgical Safety Checklist

Considering the high incidence of complications in spine 
surgery, during the last years several authors focused their 
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attention on the risk factors related to the onset of complica-
tions and on predictive models of complications after spine 
surgery [12–16].

Moreover, several preventive measures have been stud-
ied and recently described in order to reduce complications 
in spine surgery, concerning intraoperative neuromonitor-
ing, blood loss reduction, and infections and thrombosis 
prophylaxis [19–23]. Sethi et al. [24] reported their experi-
ence concerning the application of Lean methodology in 
orthopedic surgery and specifically in spine surgery. Lean 
methodology was developed in the manufacturing industry 
to increase output and decrease costs, and then, it was imple-
mented in many areas of health care. The authors described 
a step-by-step process designed specifically to optimize and 
standardize preoperative, intraoperative, and postoperative 
care for patients undergoing complex spine surgery, and they 
reported a significant reduction in overall complication rate 
[24].

In 2009, Haynes et al. [18] developed a 19-item Surgical 
Safety Checklist (SSC) to improve intraoperative outcomes 
and minimize preventable complications, thus making the 
culture of the operating theater safer, more communica-
tive, and more collaborative. This checklist derived from an 
implementation of the Surgical Safety Checklist elaborated 
by WHO in 2008.

Although several investigators have challenged the effi-
cacy of the SSC, it has shown repeated success in reducing 
preventable postoperative complications, length of hospital 
stay, and overall mortality [18, 37–39]. In addition, multiple 
investigators have concluded that the implementation of the 
SSC in multiple institutions has improved communication, 
efficiency, and attention to routine details in the operating 
room.

In the present study, we investigated, as preventive meas-
ure to reduce complications in spinal surgery, the introduc-
tion of the WHO Safety Surgical Checklist. Results showed 
a reduction in the overall incidence of complications follow-
ing the introduction of the WHO Safety Surgical Checklist: 
In 2010, without the use of the checklist, the incidence of 
complications was 24.2%, while in 2011 and 2012, follow-
ing the checklist introduction, the incidence of complica-
tions was 16.7% and 11.7%, respectively (mean 14.2%) 
(p < 0.0005). From our knowledge, this is the first report 
about the application of the WHO Surgical Safety Checklist 
in spinal surgery.

The only other reason that may have cooperated in the 
reduction in postoperative infections rate was the introduc-
tion in our institute of a new internal guideline for the pre-
vention of infections in spine surgery (dated 07/20/2010) 
which has slightly changed the type of antibiotic drugs 
used for prophylaxis (one modified drug among five drugs 
used). However, the trend to the reduction in overall 

complications can be attributed to the introduction of the 
WHO checklist. In our experience, most of the alerts high-
lighted by the WHO checklist were really useful to do the 
right action in the right moment to avoid complication; in 
particular the questions contained in the Time Out section: 
Surgeon reviews: “What are the critical or unexpected 
steps, operative duration, anticipated blood loss?” and 
Anaesthesia team reviews: “Are there any patient-specific 
concerns?”improved the surgical team interactions and 
led to changes in surgical and anesthesiological proce-
dures during the intervention that really allowed to avoid 
complications. The other question contained in Time Out 
section “Nursing team reviews: has sterility (including 
indicator results) been confirmed? Are there equipment 
issues or any concerns?” allowed to discover, before the 
beginning of the intervention, contaminated implants or 
surgical devices, skipped from the previous control, and 
led to avoidance of postoperative infections and other 
mechanical complications.

This study presents some limitations. First, it is a retro-
spective study where a non-standardized system was used 
for capturing the complications; therefore, complications 
can be incorrectly estimated. Second, our department per-
formed spinal surgery mainly for oncological and degen-
erative diseases. Infection and trauma surgery occupied 
only a small proportion. Hence, the current study popula-
tion cannot represent the generally common spinal sur-
gery population, and this could lead to a certain degree of 
bias in the results of the present study. In particular, the 
incidence of late complications (i.e., mechanical compli-
cations and wound infections) could be underestimated 
in the group of oncologic patients due to their shorter 
survival compared to the other groups of spine diseases. 
However, the baseline distribution of the preoperative 
diagnosis categories had about the same proportion over 
time, and late complications normally impact on the non-
oncologic group of patients, who represent the 45.58% of 
the study population. Third, the two groups compared were 
non-homogeneous in terms of patients’ number; patients 
treated in 2010 without the use of the WHO checklist were 
only 285, while patients treated in 2011 and 2012 with the 
use of the WHO checklist were 632.

Despite the aforementioned limitations, the WHO Sur-
gical Safety Checklist resulted to be effective in reducing 
complications in our center. We think that a system, based 
on the Surgical Safety Checklist, should be introduced also 
during the preoperative and postoperative phases, in order 
to highlight all the specific moments where complication 
risk factors arise also in these phases. The checklist should 
be adapted for the specific spinal surgery characteristics. 
Finally, the introduction and validation of this checklist, 
implemented for preoperative, intraoperative, and postop-
erative phases, should be followed by the identification 



935European Spine Journal (2020) 29:927–936	

1 3

of targeted actions to prevent complications and improve 
patients’ safety.

Compliance with ethical standards 

Conflict of interest  The authors declare that they have no conflict of 
interest.

Open Access  This article is distributed under the terms of the Creative 
Commons Attribution 4.0 International License (http://creativecom-
mons.org/licenses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.  

References

	 1.	 Ratliff JK, Lebude B, Albert T, Anene-Maidoh T, Anderson G, 
Dagostino P, Maltenfort M, Hilibrand A, Sharan A, Vaccaro AR 
(2009) Complications in spinal surgery: comparative survey of 
spine surgeons and patients who underwent spinal surgery. J 
Neurosurg Spine 10:578–584

	 2.	 Yadla S, Malone J, Campbell PG, Maltenfort MG, Harrop JS, 
Sharan AD, Ratliff JK (2010) Early complications in spine 
surgery and relation to preoperative diagnosis: a single-center 
prospective study. J Neurosurg Spine 13:360–366

	 3.	 Rampersaud YR, Moro ER, Neary MA, White K, Lewis SJ, 
Massicotte EM, Fehlings MG (2006) Intraoperative adverse 
events and related postoperative complications in spine surgery: 
implications for enhancing patient safety founded on evidence-
based protocols. Spine (Phila Pa 1976) 31:1503–1510

	 4.	 Dindo D, Clavien P-A (2008) What is a surgical complication? 
World J Surg 32:939–941

	 5.	 Clavien PA, Barkun J, de Oliveira ML, Vauthey JN, Dindo D, 
Schulick RD, de Santibañes E, Pekolj J, Slankamenac K, Bassi 
C, Graf R, Vonlanthen R, Padbury R, Cameron JL, Makuuchi M 
(2009) The Clavien–Dindo classification of surgical complica-
tions: five-year experience. Ann Surg 250:187–196

	 6.	 Schoenfeld AJ, Ochoa LM, Bader JO, Belmont PJ Jr (2011) Risk 
factors for immediate postoperative complications and mortal-
ity following spine surgery: a study of 3475 patients from the 
National Surgical Quality Improvement Program. J Bone Joint 
Surg Am 93:1577–1582

	 7.	 Nasser R, Yadla S, Maltenfort MG, Harrop JS, Anderson DG, 
Vaccaro AR et al (2010) Complications in spine surgery. A 
review. J Neurosurg Spine 13:144–157

	 8.	 Deyo RA, Cherkin DC, Loeser JD, Bigos SJ, Ciol MA (1992) 
Morbidity and mortality in association with operations on the 
lumbar spine. The influence of age, diagnosis, and procedure. J 
Bone Joint Surg Am 74:536–543

	 9.	 Patil CG, Lad SP, Santarelli J, Boakye M (2007) National inpa-
tient complications and outcomes after surgery for spinal metas-
tasis from 1993–2002. Cancer 110:625–630

	10.	 Lambat MP, Glassman SD, Carreon LY (2013) Impact of perio-
perative complications on clinical outcome scores in lumbar 
fusion surgery. J Neurosurg Spine 18:265–268

	11.	 Fu KM, Smith JS, Polly DW et al (2010) Morbidity and mortal-
ity in the surgical treatment of 10,329 adults with degenerative 
lumbar stenosis. J Neurosurg Spine 12:443–446

	12.	 Molina CS, Thakore RV, Blumer A, Obremskey WT, Sethi 
MK (2015) Use of the National Surgical Quality Improvement 

Program in orthopaedic surgery. Clin Orthop Relat Res 
473:1574–1581

	13.	 Sugrue PA, Halpin RJ, Koski TR (2013) Treatment algorithms 
and protocol practice in high-risk spine surgery. Neurosurg Clin 
N Am 24:219–230

	14.	 Bekelis K, Desai A, Bakhoum SF, Missios S (2014) A predic-
tive model of complications after spine surgery: the National 
Surgical Quality Improvement Program (NSQIP) 2005–2010. 
Spine J 14:1247–1255

	15.	 Lee MJ, Hacquebord J, Varshney A, Cizik AM, Bransford RJ, 
Bellabarba C, Konodi MA, Chapman J (2011) Risk factors for 
medical complication after lumbar spine surgery: a multivariate 
analysis of 767 patients. Spine (Phila Pa 1976) 36:1801–1806

	16.	 Lee MJ, Cizik AM, Hamilton D, Chapman JR (2014) Predicting 
medical complications after spine surgery: a validated model 
using a prospective surgical registry. Spine J 14:291–299

	17.	 Campbell PG, Yadla S, Malone J, Maltenfort MG, Harrop JS, 
Sharan AD, Ratliff JK (2011) Complications related to instru-
mentation in spine surgery: a prospective analysis. Neurosurg 
Focus 31:E10

	18.	 Haynes AB, Weiser TG, Berry WR et al (2009) A surgical safety 
checklist to reduce morbidity and mortality in a global popula-
tion. N Engl J Med 360:491–499

	19.	 Belykh E, Carotenuto A, Kalinin AA, Akshulakov SK, Ker-
imbayev T, Borisov VE, Aliyev MA, Nakaji P, Preul MC, 
Byvaltsev VA (2019) Surgical protocol for infections, non-
healing wound prophylaxis, and analgesia: development and 
implementation for posterior spinal fusions. World Neurosurg 
123:390–401 (e2)

	20.	 Mosenthal WP, Landy DC, Boyajian HH, Idowu OA, Shi LL, 
Ramos E, Lee MJ (2018) Thromboprophylaxis in spinal surgery. 
Spine (Phila Pa 1976) 43:E474–E481

	21.	 Daniel JW, Botelho RV, Milano JB, Dantas FR, Onishi FJ, 
Neto ER, Bertolini EF, Borgheresi MAD, Joaquim AF (2018) 
Intraoperative neurophysiological monitoring in spine surgery: 
a systematic review and meta-analysis. Spine (Phila Pa 1976) 
43:1154–1160

	22.	 Lu VM, Ho YT, Nambiar M, Mobbs RJ, Phan K (2018) The 
perioperative efficacy and safety of antifibrinolytics in adult 
spinal fusion surgery: a systematic review and meta-analysis. 
Spine (Phila Pa 1976) 43:E949–E958

	23.	 Ali ZS, Ma TS, Ozturk AK, Malhotra NR, Schuster JM, Mar-
cotte PJ, Grady MS, Welch WC (2018) Pre-optimization of spi-
nal surgery patients: development of a neurosurgical enhanced 
recovery after surgery (ERAS) protocol. Clin Neurol Neurosurg 
164:142–153

	24.	 Sethi R, Yanamadala V, Burton DC, Bess RS (2017) Using lean 
process improvement to enhance safety and value in orthopae-
dic surgery: the case of spine surgery. J Am Acad Orthop Surg 
25:e244–e250

	25.	 Dindo D, Demartines N, Clavien PA (2004) Classification 
of surgical complications: a new proposal with evaluation in 
a cohort of 6336 patients and results of a survey. Ann Surg 
240:205–213

	26.	 Rampersaud YR, Neary MA, White K (2010) Spine adverse 
events severity system: content validation and interobserver reli-
ability assessment. Spine (Phila Pa 1976) 35:790–795

	27.	 Rampersaud YR, Anderson PA, Dimar JR 2nd, Fisher CG, Spine 
Trauma Study Group and Degenerative Spine Study Group (2016) 
Spinal Adverse Events Severity System, version 2 (SAVES-V2): 
inter- and intraobserver reliability assessment. J Neurosurg Spine 
25:256–263

	28.	 Glassman SD, Hamill CL, Bridwell KH, Schwab FJ, Dimar JR, 
Lowe TG (2007) The impact of perioperative complications on 
clinical outcome in adult deformity surgery. Spine (Phila Pa 1976) 
32:2764–2770

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


936	 European Spine Journal (2020) 29:927–936

1 3

	29.	 Fritzell P, Hägg O, Nordwall A (2003) Complications in lumbar 
fusion surgery for chronic low back pain: comparison of three 
surgical techniques used in a prospective randomized study. A 
report from the Swedish lumbar spine study group. Eur Spine J 
12:178–189

	30.	 Grainger J, Hammett T, Isaacs R, Cook C (2017) Influence of 
perioperative complication severity on 1- and 2-year outcomes 
of low back surgery. J Orthop Traumatol 18:127–134

	31.	 Chen BP, Garland K, Roffey DM, Poitras S, Dervin G, Lapner 
P, Phan P, Wai EK, Kingwell SP, Beaulé PE (2017) Can sur-
geons adequately capture adverse events using the Spinal Adverse 
Events Severity System (SAVES) and OrthoSAVES? Clin Orthop 
Relat Res 475:253–260

	32.	 Yadla S, Malone J, Campbell PG, Nasser R, Maltenfort MG, Har-
rop JS, Sharan AD, Ratliff JK (2011) Incidence of early com-
plications in cervical spine surgery and relation to preoperative 
diagnosis: a single-center prospective study. J Spinal Disord Tech 
24:50–54

	33.	 Boriani S, Bandiera S, Donthineni R, Amendola L, Cappuccio M, 
De Iure F, Gasbarrini A (2010) Morbidity of en bloc resections in 
the spine. Eur Spine J 19:231–241

	34.	 Boriani S, Weinstein JN, Biagini R (1997) Primary bone tumors 
of the spine. Terminology and surgical staging. Spine (Phila Pa 
1976) 22:1036–1044

	35.	 Gasbarrini A, Cappuccio M, Mirabile L, Bandiera S, Terzi S, Bar-
banti Bròdano G, Boriani S (2004) Spinal metastases: treatment 
evaluation algorithm. Eur Rev Med Pharmacol Sci 8:265–274

	36.	 Gasbarrini A, Li H, Cappuccio M, Mirabile L, Paderni S, Terzi 
S, Boriani S (2010) Efficacy evaluation of a new treatment algo-
rithm for spinal metastases. Spine (Phila Pa 1976) 35:1466–1470. 
Erratum in: Spine (Phila Pa 1976). 2011; 36(2):179

	37.	 Bergs J, Hellings J, Cleemput I, Zurel Ö, De Troyer V, Van Hiel 
M, Demeere JL, Claeys D, Vandijck D (2014) Systematic review 
and meta-analysis of the effect of the World Health Organization 
surgical safety checklist on postoperative complications. Br J Surg 
101:150–158

	38.	 Haugen AS, Softeland E, Almeland SK et al (2015) Effect of 
the World Health Organization checklist on patient outcomes: 
a stepped wedge cluster randomized controlled trial. Ann Surg 
261:821–828

	39.	 Lepänluoma M, Rahi M, Takala R, Loyttyniemi E, Ikonen TS 
(2015) Analysis of neurosurgical reoperations: use of a surgi-
cal checklist and reduction of infection-related and preventable 
complication-related reoperations. J Neurosurg 123:145–152

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Affiliations

Giovanni Barbanti‑Brodano1   · Cristiana Griffoni1 · Jarkko Halme2 · Giuseppe Tedesco1 · Silvia Terzi1 · 
Stefano Bandiera1 · Riccardo Ghermandi1 · Gisberto Evangelisti1 · Marco Girolami1 · Valerio Pipola1 · 
Alessandro Gasbarrini1 · Asdrubal Falavigna3

 *	 Giovanni Barbanti‑Brodano 
	 giovanni@barbantibrodano.com

1	 Department of Oncological and Degenerative Spine Surgery, 
IRCCS Istituto Ortopedico Rizzoli, Via G.C. Pupilli, 1, 
40136 Bologna, Italy

2	 Department of Orthopaedic Trauma and Hand Surgery, 
Kuopio University Hospital, Kuopio, Finland

3	 Department of Neurosurgery, University of Caxias do Sul, 
Caxias do Sul, Rio Grande do Sul, Brazil

http://orcid.org/0000-0002-7075-7020

	Spinal surgery complications: an unsolved problem—Is the World Health Organization Safety Surgical Checklist an useful tool to reduce them?
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 
	Graphic abstract

	Introduction
	Methods
	Study design
	Patient selection
	Classification by disease and categories of complications
	Intervention: intraoperative checklist
	Statistical analysis

	Results
	Sample size and demography
	Incidence of complications
	Efficacy of the intervention

	Discussion
	Collection and classification of spinal surgery complications
	Preventive measures to improve safety: the WHO Surgical Safety Checklist

	References




