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Prolonged operative time significantly @
impacts on the incidence of complications
in spinal surgery
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Abstract

Background In spinal surgery adverse events (AE) and surgical complications (SC) significantly affect patient’s
outcome and quality of life. The duration of surgery has been investigated in different surgical field as risk factor for
complications. The aim of this study is to analyze the correlation between operative time and adverse events in spinal
surgery.

Methods We retrospectively analyzed data collected prospectively in a cohort of 336 patients surgically treated for
spinal diseases of oncological and degenerative origin in a single center, between January 2017 to January 2018.
Demographics and clinical data were collected. Adverse events were classified using Spinal Adverse Events Severity
System version 2 (SAVES-V2) capture system. Focusing on degenerative patients, bivariate analysis and univariate
logistic regression were used to determine the association between operative time and complications.

Results A total of 105/336 patients experienced an AE related to surgery, respectively 38% in the oncological

group and 28% in the degenerative group. The average age at surgery was 60.3 years (SD 17.1) and the mean
operative time was 164.8+ 138 min. A total of 206 adverse events (30 intraoperative, 135 early postoperative and

41 late postoperative AEs) were recorded. Early post-operative complications accounted for the most recorded

AEs (55.5% in the oncological group and 73.2% in the degenerative group). Univariate logistic regression analyses
confirmed that operative time correlated with increased risk of intra-operative (p-value =0.0008), early post-operative
(p-value <0.001) and late post-operative (p-value < 0.001) adverse events.

Conclusions This study highlights the strong correlation between the occurrence of adverse events in spinal
surgery and prolonged operative time and suggests that efforts should be made to minimize the duration of surgical
procedures while prioritizing patient’s safety, without compromising the technical achievement of the procedure.

Keywords Spinal surgery, Adverse events, Complications, Operative time

*Correspondence: 2ISNB Istituto delle Scienze Neurologiche di Bologna, Via Altura,3,
Cristiana Griffoni Bologna 40139, Italy

cristiana.griffoni@ior.it 3Department of Biomedical and Neuromotor Sciences, Alma Mater
'Department of Spine Surgery, IRCCS Istituto Ortopedico Rizzoli, Bologna, Studiorum University of Bologna, Bologna, Italy

Italy

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation
or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13018-024-05066-3&domain=pdf&date_stamp=2024-9-13

Monetta et al. Journal of Orthopaedic Surgery and Research

Introduction

As the number of spinal surgical procedures has rapidly
increased worldwide, concerns have arisen regarding
elevated rate of complications that can lead to prolonged
length of stay, poor outcomes, high rate of readmission
and reintervention, severe and permanent disabilities,
with a relevant impact on patients’ quality of life and on
the healthcare system [1-4].

The duration of surgery is an often-studied risk factor
for complications following surgical procedures. Dif-
ferent studies have shown that operative time is inde-
pendently associated with adverse events in a variety of
settings, including cardiac surgery, neurosurgery, bar-
iatric surgery and urological procedures [5]. Orthope-
dic surgeons have also shown interest in this potentially
modifiable risk factor, with studies mentioning its asso-
ciation with short-term complications in different types
of surgery ranging from total hip arthroplasty to anterior
cervical discectomy and fusion [6, 7].

Indeed, longer operative time has been associated with
increased rates of both surgical and medical complica-
tions (e.g. surgical site infection, sepsis, pneumonia) [4].
Furthermore, a longer surgical time was correlated with
a longer duration of anesthesia, which contributes to the
development of complications [8]. Previous research in
these fields suggest that a 15-minute increase in opera-
tive duration is associated with proportional increase in
surgical site infection, wound dehiscence, venous throm-
boembolism risk, extended length of hospital stay and
readmission [6, 8].

To our knowledge, the role of operative time through-
out its entire range as a continuous variable has not been
still examined in spinal surgery. Similarly, it is not known
which category of AEs are impacted by prolonged opera-
tive time and which are not [4].

The purpose of this study is to analyze the correlation
between operative time and specific intra and post-oper-
ative adverse events captured through Spinal Adverse
Events Severity System, version 2 (SAVES-V2) [9, 10]
among patients treated in our tertiary reference center
for spinal surgery.

Methods
This is a retrospective analysis of data collected prospec-
tively from patients undergoing spinal surgery between
January 2017 to January 2018 at a single, tertiary ortho-
pedic spine department. The present study was approved
by the local Ethics Committee (protocol number
#0022814, 15/12/2016). This study was conducted follow-
ing the Reporting of Observational Studies in Epidemiol-
ogy (STROBE) guidelines [11].

The study population included a total of 336 patients
surgically treated for degenerative spine disease and
oncological spinal disease. Patients under the age of 18
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were also included. The investigation was conducted in
accordance with the ethical principles of the latest ver-
sion of the Declaration of Helsinki.

Patients were classified in two groups, Degenera-
tive and Oncological patients. Patients’ characteristics
including sex, age, comorbidities (according to Charlson
Comorbidity Index) and American Society of Anesthe-
siology (ASA) score were recorded. Information on the
type of surgical procedure and on its duration were col-
lected from electronic health records. All surgeries were
performed by four surgeons who have more than 20 years
of experience and who have been working in the same
team for 25 years.

SAVES-V2 system (including SAVES V2 severity
grades, categories of intraoperative AEs, categories of
post-operative AEs) [9, 10] was used to record and clas-
sify retrospectively all the adverse events. Postoperative
AEs were differentiated in “early postoperative’, occur-
ring in the first 30 days after surgery, and “late postopera-
tive’, occurring more than 30 days after surgery.

Using as threshold operative time >3 h the categories of
AEs in the two groups were further analysed in detail.

Statistical analysis

A descriptive analysis was executed for patients’ demo-
graphics and surgical data in our cohort. The normality
of all parameters was tested through the Shapiro-Wilk
test. The analysis confirmed a non-normal distribution of
data for operative time only in the tails where occasional
surgeries with very short or very long operative time were
represented. Data were summarised using mean=stan-
dard deviation or median and range value for continu-
ous variables, and by absolute and relative frequency for
categorical variables. Bivariate analysis and univariate
logistic regression models were created to determine the
association between operative time and complications as
continuous variable. All analyses were performed using
R version 3.5.1 (R Foundation for Statistical Computing,
Vienna, Austria). A significance threshold value of 0.05
was used throughout.

Results

Patients’ population description

223 patients were treated for degenerative conditions
while 113 had primary or metastatic spinal tumors
requiring surgical intervention.

The overall mean age was 60.3 years (range 6-91, SD
17.1) and most patients were female (58.9%, n=198).
Comorbidities were evaluated as summarized using the
Charlson Comorbidity Index (CCI); in the global popu-
lation the mean value of CCI index was 3.2 and a mean
ASA classification of 2.2 was recorded. The mean opera-
tive time for all the surgeries was 164.8+138 min.
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A total of 206 adverse events (30 intraoperative AEs,
135 early postoperative AEs and 41 late postoperative)
were retrospectively recorded using SAVES-V2 system.
One hundred and five patients (31%) experienced an
adverse event related to surgery, respectively 38% in the
oncological group and 28% in the degenerative group
(Table 1).

Adverse events in oncological patients

The oncological population (113 patients) had a mean
age 52.4 (range 6—83), a mean CCI index of 4.7 (SD 3.2)
and a mean ASA score of 2.3 (SD 0.7). The mean opera-
tive time was 2131161 min. A total number of 90 adverse
events were collected (Table 1).

According to surgical duration, patients were stratified
in two subgroups: 56 had an operative time less than 3 h
and 57 had an operative time more than 3 h.

AEs for oncological patients are reported in Table 2.
Twenty patients (17%) had intra-operative complications
of which 4 patients experienced more than one. Of the
total 23 intra-operative AEs, twenty-two (95.6%) adverse
events occurred during an operative time longer than
3 h. The most common complication was dural tear 9/22
(40.9%), followed by massive blood loss 4/22 and vascular
injury 4/22 (18% each other).

Early post-operative AEs account for most of the
recorded AEs (50/90, 55.5%) and occurred in 30 patients.
In particular, 13 AEs were recorded with an operative
time (OT) less than 3 h and 37 AEs (74%) with an OT
longer than 3 h. The most common AEs were included
in the category “others” (18/37, 48.6%): fever and pleural
effusion were the most frequent. Other common early
post-operative AE were pneumonia (4 cases), followed by
neurological deterioration and urinary tract infection.

9 patients experienced 17 late post-operative compli-
cations (4 patients with more than one AEs) and 15 out
of 17 (88.2%) adverse events occurred after surgeries
lasting more of 3 h. Category “others” (including pleural
effusion, anemia, hydrocephalus and disease recurrence)
represented the most frequent complications with an

Table 1 Data collection
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incidence of 33.3% (5/15), followed by deep wound infec-
tion (26.7%).

Adverse events in degenerative patients

Degenerative population, comprehensive of a total of 223
patients, had a mean age 64.2 (range 13-91), a mean CCI
index of 2.4 (SD 1.7) and a mean ASA score of 2.2 (SD
0.6). The mean operative time was 138+115 min. A total
number of 116 adverse events were collected (Table 1).

Sixty-two patients had an operative time less than 3 h
and 161 patients had an operative time longer or equal
to 3 h.

AEs for degenerative patients are reported in Table 3.
Intra-operative AEs were less common in the degen-
erative group and 6 out of 7 (85.7%) complications were
recorded in the subgroup with operative time longer than
3 h; dural tear represented the most common complica-
tion (4/6 with a incidence of 66.7%).

As for the oncological patients, also for the degenera-
tive group early post- operative adverse events accounted
for the major category of complications (85/116, 73.2%)
and 61 out of 85 (71.7%) complications occurred when
OT was longer than 3 h. Many adverse events filled the
category “others” (75.4%) of which fever and anemia were
the more frequent. The same category “other” with an
incidence of 62.5% was recorded in the subgroup with
operative time less than 3 h.

Late post-operative adverse events affected 15 patients
and 5 of them had more than one complication for a total
of 21 adverse events: 21 out of 24 (87.5%) AEs were col-
lected with an operative time longer than 3 h; the most
frequent complications were construct failure (14/21,
66.6%) and deep wound infection (3/21, 14.2%).

Correlation between operative time and complications
Considering that the group of degenerative patients was
more homogenous for diagnosis, comorbidities and
type of surgery performed, we analyzed the correlation
between operative time and complications in this group
of patients.

General Population

Oncological group Degenerative group

Total 336

Female 198

Male 138

Age 60.3 (range 6-91)
Mean CCl Index 32(SD25)
Mean ASA score 2.2(SD 0.6)
Operative Time 164.8+138 min
Operative time<3 h 118

Operative time>3 h 218
Complicated patients 105 (31%)

Adverse events 206

113 223

49 149

64 74

524 (range 6-83) 64.2 (range 13-91)
47(SD3.2) 24(SD 1.7)
23(SD0.7) 22(SD0.7)
213£161 min 138+ 115 min
56 62

57 161

43 (38%) 62 (28%)

90 116
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Table 2 Adverse events in oncological patients
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Intra-operative Adverse Events

Operative Time<3 h

Operative Time=3 h

N N %Tot
Massive Blood loss 1 Massive Blood Loss 4 21.7
Dural tear 9 39.1
Vascular injury 4 174
Visceral injury 3 13
Hardware malposition 2 8.7
Total 1 22(95.6%)
Early post-operative Adverse Events
N N 9%Tot
CSF leak 1 CSF leak 3 8
Deep vein thrombosis 1 Deep vein thrombosis 2 6
Neurological deterioration 1 Neurological deterioration 3 8
Other 4 Other 18 44
Deep wound infection 2 4
Hematoma 3 6
Delirium 1 2
Dysphagia 1 2
Superficial wound infection 1 2
Pulmonary embolism 1 2
Urinary tract infection 1 2
Pneumonia 4 8
Wound dehiscence 1 2
Systemic infection 1 2
Cardiac arrest 1 2
Total 13 37(74%)
Late post-operative Adverse Events
N N 9%Tot
Wound dehiscence 1 Wound dehiscence 2 17.6
Deep wound infection 1 Deep wound infection 4 294
Construct failure without loss 1 58
Construct failure with loss 1 58
Neurologic deterioration 1 58
Post-op neuropathic pain 1 58
Other 5 294
Total 2 15 (88.2%)

We previously observed that CCI and ASA score
were not associated with complications in our popula-
tion [3]. As reported in Table 4A, in the present study
a preliminary comparative analysis has showed a sig-
nificant difference between the two-patient population
(operative time<3 or 23 h), indicating that patients with
operative time less than 3 h are older (p-value=0.00039)
with a higher CCI index (p-value=0.00007) and ASA
(p-value=0.0301) score than patients with longer sur-
geries. Likewise analyzing operative time as a continu-
ous variable, the bivariate analysis corroborated that a
longer operative duration was associated with CCI <
(p-value<0.0001), ASA score < (p-value=0.0434) and
age <60 years old (p-value=0.007922). Moreover, we con-
firmed that operative time was associated with the rate of
complicated patients (p-value<0.001) (Table 4B).

Dividing operative time into 2-hours intervals, we
observed a progressive increase of complicated patients:
we registered a 2.4% rate of complicated patients (3/123)
for surgical time less than 2 h, 44.5% (28/63) for 2-3.59 h,
69.5% (16/23) for 4—5.59 h and 85.7% (12/14) for opera-
tive time longer than 6 h (Table 5; Fig. 1).

Univariate logistic regression analyses showed that
longer operative time correlated with increased risk of
intra-operative (p-value=0.0008), early post-operative
(p-value<0.001) and late post-operative (p-value<0.001)
adverse events (Table 6). Indeed, 113 adverse events
occurred in 100 surgeries lasting more than 2 h, as
shown in Table 5; Fig. 2. In particular, all the intra-oper-
ative AEs (7/7, 100%) and all the late post-operative AEs
(24/24, 100%) occurred in surgeries longer than 2 h; also
82 out of 85 (96.4%) early post-operative AEs occurred
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Table 3 Adverse event in degenerative patients
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Intra-operative Adverse Events

Operative Time<3 h

Operative Time=3 h

N N %Tot
Dural tear 1 Dural tear 4 714
Cardiac 1 14.2
Visceral injury 1 14.2
Total 1 6 (85.7%)
Early post-operative Adverse Events
N N 9%Tot
Cardiac arrest/ failure/ arrythmia 1 Cardiac arrest/ failure/ arrythmia 3 49
Neurological deterioration 3 Neurological deterioration 3 74
Pneumonia 1 Pneumonia 2 3.7
Urinary tract infection 2 Urinary tract infection 1 3.7
Other 15 Other 46 753
Hematoma 3 3.7
Pulmonary embolism 1 1.2
CSF leak 1 1.2
Total 24 61 (71.7%)
Late post-operative Adverse Events
N N %Tot
Construct failure without loss 1 Construct failure without loss 6 29.1
Deep wound infection 1 Deep wound infection 3 16.7
Other 1 Other 2 12.5
Construct failure with loss 8 333
Systemic infection 1 4.1
Hematoma 1 4.1
Total 3 21 (87.5%)

Table 4 A comparative analysis of demographic and clinical
factors related to operative time in degenerative patients

Table 5 Distribution of adverse events in different operative
intervals for degenerative patients

OperativeTime<3 h  OperativeTime=3h  p-Value Operative time intervals
Variables <2h 2-359h 4-559h =26h
Age 659 60.2 0.00039 Tot.
cc 2.71 1.76 0.00007 Complicated patients 3/123  28/63 16/23 12/14 223
ASA 227 2.05 0.0301 N 24%  44.5% 69.5% 85.7%
%
in surgeries longer than 2 h. More interestingly, only 37 N"of AEs _ 3 22 3 % 16
surgeries (16.5% of all surgeries for degenerative disease) Intra operative AEF 0 2 2 3 /
lasted more than 4 h and they accounted for 61 out of 116 Early pOSt_OperaFlve AEs 3 4 21 16 &
Late post-operative AEs 0 5 12 7 24

(52.5%) AEs (Table 5; Fig. 2).

We also divided the operating time in increasing inter-
vals of 30 min and observed an increase of the complica-
tion rate, even if a nonlinear increase of risk is observed
across increasing time intervals (Fig. 3).

Discussion
Surgical complications occur more frequently, often are
more preventable, and their consequences can be more

Table 4 B Bivariate analysis of correlation between continuous operative time and different baseline variables for degenerative

patients
95% ClI

Variables Upper Lower p-Value
Age <60 12.17079 79.12593 0.0079
Sex 4.191885 68.901882 0.0271
Q<2 33.14331 91.74727 <0001
ASA<?2 0.9795844 64.5588064 0.0434
Complicated -177.7758 -111.5200 <0001
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4-5.59h >6h

Fig. 1 Distribution of patients who experienced AEs within each operative time interval (2 h)

Table 6 Operative time and complications in degenerative patients: univariate logistic regression

OR 95% ClI
Variables Upper Lower p-Value
Intra-operative AEs 1.009 1.003894056 1.014971534 0.0008
Early post-operative AEs 1.008 1.006025914 1.012232538 <0.0001
Late post-operative AEs 1.008 1.004943075 1.013274889 <0.0001
60
50 =@=Total AEs
40 «=@=|ntra operative
AE
30 =9=Early post-
operative AE
Late post-
2 e
operative AE
10
0 b} S
<2h 2-3.5% 4-5.59h >6h

Fig. 2 Distribution of total adverse events and subcategories (intra-operative, early and late post-operative) across increasing operative time

severe than other types of complications. Thus, predic-
tive factors for surgical complications have been exten-
sively studied. In a recent systematic review addressing
predictive factors for the development of operative
complications in adult patients undergoing gastroin-
testinal, vascular, or general surgery, Visser et al. [12]

identified, categorized, and ranked various patient- and
surgery-related risk factors for complications: prolonged
operative time was considered among the top three sur-
gery-related factors.

This evidence was confirmed by Cheng et al. [5] who
reported on the association between operative duration
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Fig. 3 Distribution of the number of adverse events compared to the number of surgeries at increasing operating time intervals of 30 minutes.

and complications across various surgical specialties and
procedure types, showing that likelihood of complica-
tions increased significantly with prolonged operative
duration, approximately doubling with operative time
thresholds exceeding 2 or more hours. Meta-analyses
also demonstrated a 14% increase in the likelihood of
complications for every 30 min of additional operating
time.

In recent years, spine surgery has emerged as a criti-
cal intervention for addressing a myriad of spinal condi-
tions; however, the complexity of these procedures often
accompanies a risk of complications that can significantly
impact patients’ outcomes and quality of life. In general,
the complication rate after spinal surgery ranges between
7 and 20% [2, 13, 14]while orthopedic surgery generally
has a mean rate of complications of 5% [2].

We recently classified adverse events occurring in a
tertiary reference center for spinal surgery according
to SAVES v2 system [9, 10]and analysed risk factors for
surgical complications and prolonged length of hospi-
tal stay [3], highlighting the prevalent role of operative
time longer than 3 h as risk factor for complications. Our
population included patients affected by oncological and
degenerative spinal diseases mainly located at thoracic
and lumbar level, but the same results were achieved by
Ondeck et al. [6] on a population undergoing a 1-level
anterior cervical discectomy and fusion and by Hersey et
al. [15] who identified that longer operative duration was
associated with more complications among patients>65
years undergoing posterior lumbar fusion procedures.

In the present study we proposed to further investi-
gate on the relationship between surgical duration and
adverse events via logistic regression models. In order
to reduce the impact of other variables on surgical

complications, we analyzed a population of patients sur-
gically treated for degenerative spinal diseases in a single
center, where confounding factors (diagnosis, comorbidi-
ties, type of surgery) were minimized. Although previous
studies have noted that increased operative time (as a
binary variable) is associated with the total rate of adverse
events, most of them have not attempted to quantify the
increased risk associated with greater operative duration
across the entire range of operative times or been specific
about which categories of adverse events are increased.

In our population surgical time was considered as con-
tinuous variable and was confirmed as a relevant risk
factor for the occurrence of any complication across the
spectrum of operative times.

At univariate analysis both CCI and ASA score did not
result as risk factors for complications in our population
of degenerative patients [3], in contrast with Withmore
et al. [16] who previously reported the association of
increasing CCI and ASA grade with complications and
societal costs in spinal surgery.

We observed here that lower scores of CCI (£2) and
ASA (<£2) and age less than 60 years old were associated
with an increased surgical time (Table 4A-B). In fact,
the age-related medical comorbidities affect not only
the decision to undertake a surgical procedure but also
the magnitude of the procedure and consequently its
duration. In our study complicated and elderly patients
were eligible for less complex and invasive surgeries,
while healthier and younger patients usually underwent
to longer surgical procedure in order to improve their
overall survival and outcomes. Likewise, procedural
times are often reflective of case complexity, another
factor heralded as influential in the risk of complica-
tions. We observed that the rate of complicated patients
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increased with increasing operative time (Table 5; Fig. 1)
and almost all the intra-operative and post-operative
adverse events occurred in surgeries lasting more than
2 h (Table 6; Fig. 2). As we found a significantly lower age,
CCI and ASA score in the group of patients who under-
went surgeries longer than 3 h with respect to patients
undergoing surgeries with OT less than 3 h (Table 4A-B),
the relevant increase of AEs can be attributed to increas-
ing operative time and not to other possible influencing
factors. We show that an increase of 30 min in operating
time can increase the complication rate, even if a non-
linear increase of risk is observed across increasing time
intervals (Fig. 3). Ondeck et al. [2] previously observed
that each additional 15 min of operating time raised the
risk for having any adverse events after anterior cervi-
cal discectomy and fusion by an average of 10%. In our
population, patients were affected by degenerative spine
diseases, mainly localized at thoracic and lumbar levels,
and posterior stabilization with or without decompres-
sion was the most frequent surgery.

We observed that intra-operative complications as
well as early and late post-operative complications were
associated to prolonged operating time. Concerning
intra-operative AEs, the most common was dural tear
(6.7%). In spinal surgery, accidental dural tears have been
documented as a noteworthy adverse event, with an inci-
dence ranging from 0.4-15.8% [17]. Interestingly, centers
conducting a substantial number of surgical procedures
tended to report lower rates of dural tears, while those
with fewer procedures reported higher incidence rates
[3, 17, 18]. In our cohort 9 out of 14 dural tears occurred
in operative time longer than 6 h; this could be partially
explained with an increase of the operative time due to
the additional procedure of dural tear’s repair. In fact,
Weber et al. [19] investigated dural tears after elective
spinal surgery and they reported that the operative time
significantly increased from 116 min to 153 min when
they occurred (P<.0001). Moreover, the occurrence of
dural tear has been associated to other perioperative
complications in spinal surgery [20]. When assessing
operative time some intra-operative complications may
not be the consequence of increased duration, but instead
may be one of the contributing factors to increase time,
and this is difficult to be quantified, as for massive blood
loss intra-operative AE. “Major” or “massive” blood loss
is defined as the loss of 1 volume of the patient’s total
blood (60mL/kg in adults) in <24 h [21]. In our study
this complication was recorded in 18.1% of patients with
OT =3 h in the oncological group. Generally, the first rea-
son that can cause surgical blood loss is a hypervascular-
ized tumor even if treated with a pre-embolization. In
spinal procedures that require decompression, laminec-
tomy can result in epidural bleeding.
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Even if intra-operative complications could be a con-
tributing factors for increasing operative time, numer-
ous studies described a putative relation between longer
operative time and post-operative complications, with
an increased risk both for surgical and medical compli-
cations [1, 22]. Kim et al. [23], focusing on single-level
lumbar fusion/instrumentation procedure, analyzed the
effect of operative duration on postoperative adverse
event showing that most postoperative complications
exhibited a nonlinear increase in risk across the increas-
ing groups. Similar to the findings by Kim et al, the
current descriptive analysis showed that the risk of post-
operative complications raised through surgical duration:
early post-operative AEs were more common where OT
was between 2 and 3.59 h, while late post operative AEs
were more frequent in OT interval times longer than
>4 h. Thus, the surgical duration results to be strictly
related to post-operative complications, that increase
the length of hospital stay [3] and impair the clinical out-
comes and the patient’s quality of life in the follow period,
while impairing on healthcare system expenditure.

Early post- operative adverse events represent the
most frequent category of complications in our cohort
(135/206, 65.5%). Even if we used SAVES-V2 capture
system to collect AEs, 83 out of 135 early post-operative
complications fitted into the category “other”, compre-
hensive of a large variety of medical complications. Fever
represented 11/83 early post operative adverse events
with an onset of 2-3 days post-surgery. Seo et al. [24]
showed in their study that post-operative fever without
infection in long operative or trauma surgery is a normal
medical sequalae, caused by a greater degree of tissue
inflammation. Oncological group showed several pul-
monary complications (pneumonia and pleural effusion)
into “other” category. As reported, the incidence of pul-
monary complications following spine surgery for metas-
tases ranged from 1 to 18% [25] and, this AE has been
related to the prolonged anesthesia procedure.

Concerning late post-operative adverse events identi-
fied in this patients’ cohort, they result to be similar to
those previously identified in elderly spine patients [26]
and all patients undergoing spinal fusion [23]. For the
oncological group deep wound infection represented
28.5% of adverse events associated with longer operative
time. Operative time has also been cited as a risk factor
for surgical deep wound infection in abdominal surgery.
In spinal surgery, the correlation between deep wound
infection and prolonged operative duration can be attrib-
utable to various time-related factors such as prolonged
microbial exposure, diminished efficacy of antimicrobial
prophylaxis over time, increased tissue retraction lead-
ing to tissue ischemia, necrosis, and desiccation, and
increased opportunities for violations in sterile technique
[5, 27]. Common mechanisms for construct failure, with
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or without loss of correction, registered in degenerative
patients were rod breakage, pedicle screw pull-out, proxi-
mal junctional kyphosis (PJK) and proximal junctional
failure (PJF). These types of complications occurred in
particular in long spinal instrumentation.

Despite limitations due to the retrospective analysis
and the small sample size, this study highlights the rel-
evant problem of complications in spinal surgeries and its
strong correlation with prolonged operative time, focus-
ing on a homogenous cohort of patients treated in the
same tertiary center by the same surgeons.

Conclusion

Considering the significant impact of surgical complica-
tions on clinical outcomes, patient’s quality of life and
costs for the healthcare system, the results of this paper
suggest that efforts should be made by hospitals and sur-
geons to minimize the duration of surgical procedure
while prioritizing patient’s safety, without compromising
the technical achievement of the procedure.

Author contributions

Conceptualization: Giovanni Barbanti Brodano, Annalisa Monetta, Cristiana
GriffoniMethodology: Annalisa Monetta, Cristiana Griffonivalidation:
Gisberto EvangelistiFormal analysis: Annalisa Monetta, Luigi Emanuele
Nolilnvestigation: Luigi Falzetti, Carlotta CavallariResources: Alessandro
Gasbarrini, Stefano Bandiera, Silvia Terzi, Giovanni Barbanti Brodano, Riccardo
Ghermandi, Giuseppe Tedesco, Marco Girolami, Valerio PipolaWriting -
Original Draft: Annalisa Monetta, Cristiana GriffoniWriting - Review & Editing:
Luigi Falzetti, Luigi Emanuele Noli, Giovanni Barbanti BrodanoSupervision:
Alessandro Gasbarrini.

Funding
The Authors declare they had no funding for this research.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Competing interests
The authors declare no competing interests.

Received: 4 July 2024 / Accepted: 7 September 2024
Published online: 14 September 2024

References

1. Lange N et al. «Analysis of risk factors for perioperative complications in spine
surgery», Sci. Rep., vol. 12, fasc. 1, p. 14350, ago. 2022, https://doi.org/10.1038/
s41598-022-18417-z

2. Barbanti-Brodano G et al. «Spinal surgery complications: an unsolved prob-
lem—Is the World Health Organization Safety Surgical Checklist an useful
tool to reduce them?», Eur. Spine J., vol. 29, fasc. 5, pp. 927-936, mag. 2020,
https://doi.org/10.1007/500586-019-06203-x

3. FalzettiL, et al. <Factors associated with increased length of stay and risk of
complications in 336 patients submitted to spine surgery. The role of a vali-
dated capture system (SAVES v2) as a first-line tool to properly face the prob-
lem. Eur Spine J. feb. 2024. https://doi.org/10.1007/500586-023-08036-1.

4. Camino-Willhuber G et al. «Reporting Complications in Spinal Surgery—a
Systematic Literature Review», World Neurosurg., vol. 150, pp. €765-e770, giu.
2021, https://doi.org/10.1016/jwneu.2021.03.143

(2024) 19:567

20.

21.

22.

23.

Page 9 of 10

Cheng H et al. «Prolonged operative duration is associated with complica-
tions: a systematic review and meta-analysis», J. Surg. Res., vol. 229, pp.
134-144, set. 2018, https://doi.org/10.1016/},js5.2018.03.022

Ondeck NT et al. <Longer Operative Time Is Associated With Increased
Adverse Events After Anterior Cervical Diskectomy and Fusion: 15-Min-

ute Intervals Matter», Orthopedics, vol. 41, fasc. 4, lug. 2018, https://doi.
0rg/10.3928/01477447-20180424-02

Bohl DD, Ondeck NT, Darrith B, Hannon CP, Fillingham YA. e C. J. Della Valle,
«Impact of Operative Time on Adverse Events Following Primary Total Joint
Arthroplasty», J. Arthroplasty, vol. 33, fasc. 7, pp. 2256-2262.e4, lug. 2018,
https://doi.org/10.1016/j.arth.2018.02.037

Phan K et al. «Anesthesia Duration as an Independent Risk Factor

for Early Postoperative Complications in Adults Undergoing Elective

ACDF», Glob. Spine J, vol. 7, fasc. 8, pp. 727-734, dic. 2017, https://doi.
org/10.1177/2192568217701105

Rampersaud YR, Anderson PA, Dimar JR, Fisher eCG. «Spinal adverse events
severity system, version 2 (SAVES-V2): Inter- and intraobserver reliability
assessment», in Journal of Neurosurgery: Spine, American Association of Neu-
rological Surgeons, ago. 2016, pp. 256-263. https://doi.org/10.3171/2016.1.5P
INE14808

Rampersaud YR, Neary MA, White eK. «Spine Adverse Events Severity

System: Content Validation and Interobserver Reliability Assessment»,

Spine, vol. 35, fasc. 7, pp. 790-795, apr. 2010, https://doi.org/10.1097/
BRS.0b013e3181bf25a3

Von EIm E, Altman DG, Egger M, Pocock SJ, Getzsche PC, Vandenbroucke eJP.
«The Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) statement: guidelines for reporting observational studies», The
Lancet, vol. 370, fasc. 9596, pp. 14531457, ott. 2007, https://doi.org/10.1016/
S0140-6736(07)61602-X

Annelies Visser B, Geboers DJ, Gouma J, Ubbinik. «Predictors of surgical
complications: A systematic review».

Ratliff JK et al. «Complications in spinal surgery: comparative survey of spine
surgeons and patients who underwent spinal surgery: Clinical article», J.
Neurosurg. Spine, vol. 10, fasc. 6, pp. 578-584, giu. 2009, https://doi.org/10.317
1/2009.2.SPINE0935

Yadla S et al. «Early complications in spine surgery and relation to preopera-
tive diagnosis: a single-center prospective study», J. Neurosurg. Spine, vol. 13,
fasc. 3, pp. 360-366, set. 2010, https://doi.org/10.3171/2010.3.SPINE09806
Hersey AE, Durand WM, Eltorai AEM, DePasse JM, Daniels eAH. «Longer Oper-
ative Time in Elderly Patients Undergoing Posterior Lumbar Fusion Is Inde-
pendently Associated With Increased Complication Rate», Glob. Spine J., vol. 9,
fasc. 2, pp. 179-184, apr. 2019, https://doi.org/10.1177/2192568218789117
Whitmore RG et al. «<ASA grade and Charlson Comorbidity Index of spinal sur-
gery patients: correlation with complications and societal costs», Spine J., vol.
14, fasc. 1, pp. 31-38, gen. 2014, https://doi.org/10.1016/j.spinee.2013.03.011
Alshameeri ZAF, Jasani eV. «Risk Factors for Accidental Dural Tears in Spinal
Surgery», Int. J. Spine Surg., vol. 15, fasc. 3, pp. 536-548, giu. 2021, https://doi.
0rg/10.14444/8082

Maralani PJ et al. mar, «Incidence and Time of Onset of Osseous Pseudopro-
gression in Patients With Metastatic Spine Disease From Renal Cell or Prostate
Carcinoma After Treatment With Stereotactic Body Radiation Therapy», Neu-
rosurgery, vol. 84, fasc. 3, pp. 647-654, 2019, https://doi.org/10.1093/neuros/
nyy075

Weber C, Piek J, Gunawan eD. «Health care costs of incidental durotomies
and postoperative cerebrospinal fluid leaks after elective spinal surgery»,

Eur. Spine J., vol. 24, fasc. 9, pp. 2065-2068, set. 2015, https://doi.org/10.1007/
500586-014-3504-7

Takenaka S et al. «Dural tear is associated with an increased rate of other peri-
operative complications in primary lumbar spine surgery for degenerative
diseases», Medicine (Baltimore), vol. 98, fasc. 1, p. €13970, gen. 2019, https://
doi.org/10.1097/MD.0000000000013970

Elgafy H, Bransford RJ, McGuire RA, Dettori JR, Fischer eD. «Blood Loss in
Major Spine Surgery: Are There Effective Measures to Decrease Massive Hem-
orrhage in Major Spine Fusion Surgery?», Spine, vol. 35, fasc. Supplement, pp.
S47-556, apr. 2010, https://doi.org/10.1097/BRS.0b013e3181d833f6

Choy W et al. apr, «Risk Factors for Medical and Surgical Complications
Following Single-Level ALIF», Glob. Spine J., vol. 7, fasc. 2, pp. 141-147, 2017,
https://doi.org/10.1177/2192568217694009

Kim BD, Hsu WK, De Oliveira GS, Saha S, Kim eJYS. «Operative Duration as

an Independent Risk Factor for Postoperative Complications in Single-Level
Lumbar Fusion: An Analysis of 4588 Surgical Cases», Spine, vol. 39, fasc. 6, pp.
510-520, mar. 2014, https://doi.org/10.1097/BRS.0000000000000163


https://doi.org/10.1038/s41598-022-18417-z
https://doi.org/10.1038/s41598-022-18417-z
https://doi.org/10.1007/s00586-019-06203-x
https://doi.org/10.1007/s00586-023-08036-1
https://doi.org/10.1016/j.wneu.2021.03.143
https://doi.org/10.1016/j.jss.2018.03.022
https://doi.org/10.3928/01477447-20180424-02
https://doi.org/10.3928/01477447-20180424-02
https://doi.org/10.1016/j.arth.2018.02.037
https://doi.org/10.1177/2192568217701105
https://doi.org/10.1177/2192568217701105
https://doi.org/10.3171/2016.1.SPINE14808
https://doi.org/10.3171/2016.1.SPINE14808
https://doi.org/10.1097/BRS.0b013e3181bf25a3
https://doi.org/10.1097/BRS.0b013e3181bf25a3
https://doi.org/10.1016/S0140-6736(07)61602-X
https://doi.org/10.1016/S0140-6736(07)61602-X
https://doi.org/10.3171/2009.2.SPINE0935
https://doi.org/10.3171/2009.2.SPINE0935
https://doi.org/10.3171/2010.3.SPINE09806
https://doi.org/10.1177/2192568218789117
https://doi.org/10.1016/j.spinee.2013.03.011
https://doi.org/10.14444/8082
https://doi.org/10.14444/8082
https://doi.org/10.1093/neuros/nyy075
https://doi.org/10.1093/neuros/nyy075
https://doi.org/10.1007/s00586-014-3504-7
https://doi.org/10.1007/s00586-014-3504-7
https://doi.org/10.1097/MD.0000000000013970
https://doi.org/10.1097/MD.0000000000013970
https://doi.org/10.1097/BRS.0b013e3181d833f6
https://doi.org/10.1177/2192568217694009
https://doi.org/10.1097/BRS.0000000000000163

Monetta et al. Journal of Orthopaedic Surgery and Research

24,

25.

26.

Seo J et al. «Postoperative Nonpathologic Fever After Spinal Surgery:
Incidence and Risk Factor Analysis», World Neurosurg., vol. 103, pp. 78-83, lug.
2017, https://doi.org/10.1016/jwneu.2017.03.119

Jaipanya P et al. «Predictive factors for respiratory failure and in-hospital
mortality after surgery for spinal metastasis», Eur. Spine J., vol. 32, fasc. 5, pp.
1729-1740, mag. 2023, https://doi.org/10.1007/500586-023-07638-z
Watanabe T et al. apr,, «Perioperative complications of spine surgery in
patients 80 years of age or older: a multicenter prospective cohort study», J.
Neurosurg. Spine, vol. 32, fasc. 4, pp. 622-630, 2020, https://doi.org/10.3171/20
19.9.SPINE19754

(2024) 19:567 Page 10 of 10

27. Harrop JS, Styliaras JC, Ooi YC, Radcliff KE, Vaccaro AR, Wu eC. «Contributing
Factors to Surgical Site Infections»:, J. Am. Acad. Orthop. Surg., vol. 20, fasc. 2,
pp. 94-101, feb. 2012, https/doi.org/10.5435/JAA0S-20-02-094

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


https://doi.org/10.1016/j.wneu.2017.03.119
https://doi.org/10.1007/s00586-023-07638-z
https://doi.org/10.3171/2019.9.SPINE19754
https://doi.org/10.3171/2019.9.SPINE19754
https://doi.org/10.5435/JAAOS-20-02-094

	﻿Prolonged operative time significantly impacts on the incidence of complications in spinal surgery
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Statistical analysis

	﻿Results
	﻿Patients’ population description
	﻿Adverse events in oncological patients
	﻿Adverse events in degenerative patients
	﻿Correlation between operative time and complications

	﻿Discussion
	﻿Conclusion
	﻿References


