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Study Design: This was a retrospective multivariate analysis of preoperative risk factors leading to intensive care unit (ICU) admis-
sions in patients undergoing elective or acute dorsal spine surgery.
Purpose: Numerous studies have predicted a substantial increase in spine surgeries within the next decades, potentially overwhelm-
ing hospitals’ resources, including ICU occupancy. Accurate estimates of whether patients need postsurgical ICU treatment are pivotal 
for both resource allocation and patient safety.
Overview of Literature: Risk factors leading to ICU admissions after dorsal spine surgery have been extensively examined for lum-
bar elective surgery. Studies including other anatomical segments of the spine and nonelective surgery regarding postsurgical ICU 
treatment probability are lacking.
Methods: This study was designed to be a single-center multivariate analysis of data retrospectively collected from a tertiary care uni-
versity hospital. Patients undergoing dorsal spine surgery from 2009 to 2019 were included in this study. The patients’ demographic data 
were analyzed to determine potential preoperative risk factors for ICU admission after surgery using multiple logistic regression.
Results: In our cohort, 962 patients with a mean age of 71.1±0.55 years were included. Surgeries involved 3.24±0.08 spinal levels 
on average. The incidence of ICU treatment after surgery was 30.4% (n=292). Multivariate logistic regression showed a markedly 
increased odds ratio (OR) for patients undergoing surgery of the cervicothoracic junction (OR, 8.86) and those undergoing surgery for 
spinal deformity treatment (OR, 7.7). Additionally, cervical procedures (OR, 3.29), American Society of Anesthesiologists (ASA) class 3–4 
(OR, 2.74), spondylodiscitis (OR, 2.47), fusion of ≥3 levels (OR, 1.94), and age >75 years (OR, 1.33) were associated with an increased 
risk of postsurgical ICU admission.
Conclusions: The findings highlight the relevance of anatomical location, preoperative diagnosis, ASA class, and length of surgery re-
garding the predictability of postoperative ICU admission. Our data allowed for more sophisticated estimates regarding the need for ICU 
treatment after dorsal spine surgery, guiding the surgeon through patient selection, communication, and ICU admission predictability.
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Introduction

Originating from tuberculosis treatment, dorsal spine 
surgery evolved from a narrow spectrum of indications, 
including unstable spinal stenosis or segmental instability. 
Today, it is an established treatment modality for a grow-
ing number of highly specialized procedures and indica-
tions [1,2]. In fact, over the past decades, a substantial 
increase in the number of performed dorsal fusions has 
been reported globally [3,4]. In particular, the number 
of spine surgeries for degenerative conditions, such as 
degenerative cervical myelopathy, being the most com-
mon nontraumatic spinal pathology, reflects this growth 
[5]. Because dorsal fusion has been proven to be effective 
in alleviating pain and improving functional outcomes, 
the development of new surgical techniques alongside the 
growing global life expectancy will amplify the demand 
for spine surgery in general and hence dorsal fusion [6,7]. 
A recently published study suggested future challenges for 
healthcare systems because of increasing case numbers of 
spine surgeries, advocating for a judicious use of the avail-
able financial and human resources [8].

The recent coronavirus disease 2019 (COVID-19) 
pandemic has highlighted the fragility of the capacity 
of healthcare systems regarding major elective surgical 
procedures, prompting calls for a triage system for spine 
surgery [9]. In particular, surgical procedures requir-
ing postsurgical intensive care unit (ICU) treatment are 
prone to strain a hospital’s resources. As of today, elec-
tive surgical procedures account for 13.4% of overall ICU 
admissions [10]. The considerable increase in age and 
concomitant age-related comorbidities among patients 
undergoing spine surgery implies a higher demand for 
postsurgical ICU treatment in the future. This affects not 
only the general occupancy of ICUs but also the associ-
ated budgeting and planning, particularly for elective dor-
sal spine surgery. Insufficient planning of the capacity of 
ICUs frequently leads to the cancelation or postponement 
of a surgical procedure which—besides the economically 
devastating potential standstill in the operation room—
has been linked to a lower patient satisfaction and can 
deteriorate the patient’s condition [11]. Considering the 
finite nature and significance of ICUs, particularly their 
capacity, conservative planning seems imperative. How-
ever, the economic incentives of progressive planning are 
undeniable. In particular, unnecessarily canceled surgeries 
carry other potential risks, once more highlighted by the 

COVID-19 pandemic [12]. Although postoperative ICU 
monitoring after spine surgery has not been attributed to 
be a main contributor to an increase in costs, the aging 
population and the continuous rise in costs of critical care 
medicine might alter that in the near future [13].

Several efforts have been made to predict postsurgical 
complications after elective spine surgery. Age, cardio-
vascular comorbidities, obesity, and surgical invasiveness 
have been described as the main contributors to postsur-
gical complications [14,15]. Although the potential need 
for postsurgical ICU treatment can indirectly be extrapo-
lated, data analyzing the postsurgical ICU admission rate 
after dorsal fusion are scarce. To the best of our knowl-
edge, only one study analyzing the effects of preoperative 
factors on the probability of postsurgical ICU admission 
has been published so far [16]. However, the authors only 
included patients with degenerative spine deformities of 
the lumbar spine and did not consider other preoperative 
parameters, such as diagnosis and the vertebral level.

This study aimed to identify predictive preoperative fac-
tors affecting the probability of patients requiring postsur-
gical ICU treatment after dorsal surgical procedures of the 
spine.

Materials and Methods

1. Patients

This study was a retrospective analysis of patient data 
collected between 2009 and 2019 at a university clinic. 
Patients aged >18 years undergoing dorsal spine surgery 
with dorsal instrumentation were included in this study. 
More precisely, we included both elective (i.e., degenera-
tive and spinal deformity) and nonelective spine surger-
ies (i.e., trauma, malignancies, and spondylodiscitis). 
Surgical procedures without the implant of screws and 
rod constructs, that is, discectomies and surgical decom-
pressions without dorsal instrumentation, were excluded. 
Data were obtained from the surgical and anesthesiologic 
databases and the corresponding digital patient charts. 
Demographic variables included age, sex, preoperative di-
agnoses, vertebral level, and the details of the procedure. 
Comorbidities were accounted for the use of the grading 
system of the American Society of Anesthesiologists (ASA) 
[17]. Additionally, we acquired hospitalization data based 
on previous spine surgeries, ICU treatment, and mortality 
depicted as categorical variables and the duration of both 
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ICU treatment and total inpatient stay.
Degenerative diagnoses included disk herniations, spi-

nal canal stenosis, spondylolisthesis, and osteochondrosis. 
Spinal deformities included any deformity of the spine 
(idiopathic or degenerative scoliosis and sagittal malalign-
ment). Postsurgical complications consisted of adjacent 
joint degeneration, material insufficiency or misplace-
ment, and non-fusion after previous dorsal fusion. The 
procedures performed included dorsal instrumentation 
plus decompression, transforaminal/posterior lumbar 
interbody fusion (TLIF/PLIF), hybrid kyphoplasty, and 
simultaneous corpectomy.

Surgeries overlapping different segments of the spine 
were classified as surgeries of the respective junction (i.e., 
T10–L3 would be considered surgery at the thoracolum-
bar junction).

For the ICU data, any ICU or intermediate care unit 
treatment was included. The final decision on whether 
a patient required postsurgical ICU treatment was at 
the discretion of the attending anesthesiologist. Reasons 
included postsurgical hypotension requiring invasive 
blood pressure monitoring, prolonged weaning of cat-
echolamines or ventilation, necessity for noninvasive 
ventilation, decompensated electrolyte imbalances, post-
surgical delirium, and blood loss leading to hemodynamic 
instability. An extended length of surgery alone was not 
considered a criterion for ICU admission if the patient 
did not present symptoms of hemodynamic or respiratory 
instability. All surgeries were performed by the hospitals’ 
group of experienced and specialized spine surgeons.

Data were pseudonymously collected according to na-
tional laws and the 1975 Declaration of Helsinki. In total, 
962 patients matched the criteria to be included in our 
study group. The study was approved by the Institutional 
Review Board  (IRB-07742). Informed consent from indi-
vidual participants was omitted because of the retrospec-
tive design of this study.

2. Statistical analysis

Continuous variables are depicted as means±standard 
error of the mean or as the number of cases with percent-
ages for categorical variables. Postoperative ICU treatment 
at any point after the procedure was recorded for each 
patient. Continuous variables were analyzed using Stu-
dent t-test or the Mann-Whitney U test for nonnormally 
distributed variables. The chi-square test or Fisher’s exact 

test was used to compare categorical parameters when ap-
propriate. p-values <0.05 were used to denote statistical 
significance. All statistical calculations and analyses were 
performed using GraphPad Prism ver. 9.5.0 (GraphPad 
Software, Boston, MA, USA).

For the multivariate regression, the initial identifica-
tion of potential risk factors was assessed using the chi-
square test and Fisher’s exact test. Because multiple tests 
of the same data can artificially inflate the alpha, thus 
causing type I errors, we opted for a multivariate model. 
To account for confounding effects, precisely covariances 
between explanatory variables, we included all parameters 
with a potential correlation, as reflected by a p-value <0.1 
from our initial analysis, in the multiple logistic regression 
model [18].

Results

1. Patient population
The mean age of the 962 patients included in this study 
was 71.1±0.55 years on the day of surgery. Furthermore, 
53.2% (n=512) of the patients were female (Table 1). The 
most frequently operated anatomic location (Table 2) was 
the lumbar spine (n=294, 30.5%), followed by the thora-

Table 1. Patient demographics and general surgical information

Characteristic Value

Total no. of patients 962

Age (yr) 71.1±0.55

>75 505 (52.5)

Gender

Male 450 (46.8)

Female 512 (53.2)

ASA class (n=933)

1 73 (7.8)

2 394 (42.2)

3 423 (45.3)

4 43 (4.6)

Previous spine surgery 332 (34.5)

Operated levels 3.24±0.07

>3 464 (48.2)

>5 186 (19.4)

CSF leaks 42 (4.4)

Values are presented as number, mean±standard error of the mean, or number 
(%). ASA class was available for 933 patients.
ASA, American Society of Anesthesiologists; CSF, cerebrospinal fluid.
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columbar junction (n=233, 24.2%). The mean number 
of operated levels was 3.24±0.08. Moreover, 332 patients 
(34.5%) had undergone previous spine surgery. Trauma 
(n=324, 33.7%) was the most common indication for 
dorsal spine surgery (Table 3). The exact procedures per-
formed are depicted in Table 4. In total, 42 (4.3%) cerebro-
spinal fluid leakages were reported. Furthermore, 30.4% 
(n=292) of the patients were admitted to the ICU postop-
eratively with a mean length of stay of 3.3±0.4 days (Table 
5). The mean length of inpatient stay was 15.78±0.38 days. 

Patients requiring ICU treatment during hospitalization 
had a significantly longer length of stay than those who 
did not require ICU treatment (p<0.0001; 20.01±0.9 days 
versus 13.95±0.35 days). The patients’ most frequent ASA 
classes were ASA II (42.2%, n=394) and ASA III (45.3%, 
n=423). ASA I accounted for 7.8% (n=73) of the patients. 
Meanwhile, ASA 4 accounted for 4.6% (n=43) of the pa-
tients.

2. Stepwise multiple logistic regression

Univariate analysis of demographic and surgical data 
yielded significant results for several parameters that 
were subsequently included in the stepwise multivariate 
logistic regression (Table 6). Regarding demographics, 
sex (p=0.0026), ASA class III–IV (p<0.0001), and age >75 
years (p=0.027) were included in the multivariate analy-
sis. Furthermore, surgery covering >3 vertebral levels 
(p<0.0001) and previous spine surgery (p=0.029) were 
found to be potential risk factors. Procedures includ-
ing additional surgical decompression via laminectomy 
(p<0.0001), interbody fusion (p<0.0001), and surgeries 
for degenerative pathologies (p<0.0001), spinal deformi-
ties (p<0.0001), postsurgical complications (p=0.007), and 
spondylodiscitis were included in the multivariate regres-
sion model. Finally, the vertebral level showed interac-
tions with surgeries of the cervical spine (p=0.016), the 
cervicothoracic junction (p<0.0001), and surgeries with a 
rostrocaudal expansion, including the thoracic and sacral 
spines, among others.

The results of the multiple logistic regression indicated 
that the probability of patients with ASA class 3 or 4 to 
require postsurgical ICU treatment was 2.74 folds higher 
than that of patients with ASA class 1 or 2 (odds ratio 
[OR]). Additionally, a fusion including ≥3 levels (OR, 1.94) 
and age >75 years (OR, 1.33) affected the probability of 
necessary ICU treatment.

Table 2. Anatomical location of the performed surgical procedures and the 
respective length of fusion (n=962)

Variable No. (%) Mean length of fusion±SEM

Occipital-cervical 8 (0.8) 4.1±0.8

Cervical 39 (4.0) 1.8±0.2

Cervical-thoracic 36 (3.7) 5.8±0.5

Thoracic 143 (14.8) 4.1±0.2

Thoracic-lumbar 233 (24.2) 4.8±0.2

Lumbar 294 (30.5) 1.9±0.1

Lumbar-sacral 185 (19.2) 2.2±0.1

Thoracic-sacral 24 (2.5) 6.1±0.6

The first column includes the frequency distribution with fraction of total (%). 
The second column shows the average amount of operated spinal levels with 
SEM.
SEM, standard error of the mean.

Table 3. Preoperative indications for surgical procedures (n=962)

Variable No. (%)

Trauma 324 (33.7)

Degeneration 282 (29.3)

Fusion related complications 144 (15.1)

Inflammation 107 (11.1)

Spinal deformity 61 (6.3)

Tumor 44 (4.6)

Table 4. Performed procedures and additional procedures (n=962)

Variable No. (%)

Dorsal fusion only 350 (36.4)

+ PLIF/TLIF 324 (33.7)

+ Decompression 257 (26.7)

+ Kyphoplasty 21 (2.1)

+ Corpectomy 10 (1.0)

PLIF, posterior lumbar interbody fusion; TLIF, transforaminal interbody fusion.

Table 5. Hospital data, including the duration of the stay, mortality, and ICU 
admissions (n=962)

Variable Value

Duration of stay 15.78±0.38

ICU admission 292 (30.4)

ICU days spent 3.3±0.4

Mortality 20 (2.1)

Values are presented as mean±standard error of the mean or number (%).
ICU, intensive care unit.
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Patients undergoing surgery at the cervicothoracic 
junction had the highest risk of requiring postsurgical 
ICU treatment (OR, 8.86), followed by those undergoing 
surgery at the thoracosacral area (OR, 4.18) and those un-
dergoing surgery at the cervical spine (OR, 3.29).

Spinal deformities (OR, 7.7) and spondylodiscitis (OR, 
2.47) were associated with an increased risk of requiring 
ICU treatment. While spinal deformities showed a signifi-
cantly higher number of operated levels (2.9±0.07 versus 
7.7±0.47, p<0.0001) than other diagnoses, this was not the 
case for surgeries due to spondylodiscitis (2.9±0.16 versus 
3.3±0.09, p=0.09).

Revision surgery (OR, 1.05) and sex (OR, 0.78) were 
not associated with higher probability of ICU admission.

Discussion

The aim of this retrospective analysis was to identify risk 
factors affecting the probability of ICU treatment after 
dorsal spine surgery. Furthermore, we strived to pay 
tribute to the broad range of diagnoses for dorsal spine 
surgery—past the exclusive evaluation of degenerative 
pathologies of the lumbar spine. Our results highlighted 
the relevance of the ASA classification as a pragmatic and 
accessible parameter for estimating whether a patient re-
quires postsurgical ICU admission. Additionally, they re-
vealed the vertebral level, as underscored by the markedly 
increased OR of the cervicothoracic junction, and the pre-
operative diagnoses, that is, spondylodiscitis and spinal 
deformities, as independent risk factors for postsurgical 
ICU treatment.

Throughout the decades, dorsal instrumentation of the 
spine has been established as a safe and efficient therapy. 
Today, it is a cornerstone of spine surgery. Starting from 
a narrow set of indications, the development of new tech-
niques and equipment has broadened the spectrum of 
indications, from TLIF/PLIF with additive dorsal instru-
mentation, to percutaneous dorsal fusion, to complex cor-
rective spondylodesis and hybrid treatments [19,20].

Owing to the increasing global life expectancy, a sub-
stantial growth in degenerative diseases of the spine neces-
sitating dorsal spine surgery and a concomitant increase 
in comorbidities among patients have been predicted. In 
fact, models for Japan, which has the most pronounced 
aging population worldwide, predict a marked increase in 
comorbidities per capita within the next 2 decades [21]. 
These findings are supported by a longitudinal study on 
lumbar spine surgery indicating a rise in both patient age 
and ASA class within the last decade [22]. Both have been 
associated with higher mortality and higher incidence of 
complications for spine and surgical treatment in gen-
eral [23,24]. Our results, associating higher ASA classes 
and age >75 years with higher probability of postsurgi-
cal ICU admission, align with these findings. Regarding 
demographic societal changes, these findings suggest 
higher ICU use attributed to spine surgery within the next 
decades, potentially challenging current ICU capacities. 
Furthermore, they might add an economic dimension 
because the costs for spine surgery have been surging over 
the past decades [25].

The results of our regression analysis revealed that the 
vertebral location of the surgery is an additional risk fac-

Table 6. Results of the multivariate logistic regression

Variable Univariate analysis
p-value

Multivariate analysis
OR (95% CI)

Gender   0.0026 0.78 (0.56–1.09)

ASA III–IV <0.0001 2.74* (1.93–3.93)

Age >75 yr   0.027 1.33 (0.94–1.89)

>3 Levels <0.0001 1.94* (1.28–2.96)

Revision surgery 0.029 1.05 (0.68–1.63)

Procedures

PSIF only  0.0058 0.57 (0.26–1.32)

PSIF + decompression <0.0001 0.63 (0.28–1.47)

PSIF + PLIF/TLIF <0.0001 0.39 (0.16–0.94)

Reason for surgery

Degenerative <0.0001 1.02 (0.59–1.76)

Spinal deformity <0.0001 7.75 (3.85–16.06)

Postsurgical complications   0.007 0.57 (0.29–1.09)

Spondylodiscitis <0.0001 2.47 (1.48–4.14)

Vertebral level

Cervical   0.016 3.29 (1.49–7.24)

Cervical-thoracic <0.0001 8.86 (3.57–25.45)

Thoracic 0.0021 1.35 (0.83–2.19)

Lumbar 0.0001 0.76 (0.44–1.31)

Lumbar-sacral 0.0003 1.04 (0.57–1.91)

Thoracic-sacral 0.0004 4.18 (1.37–13.31)

The initial identification of potential risk factors was assessed using analysis 
with chi-square and Fisher’s exact test. Afterwards, multivariate logistic re-
gression was conducted for factors with p<0.1 (middle column) from the initial, 
univariate analysis. The multiple logistic regression was then performed to 
identify potential risk factors leading to an intensive care unit admission (right 
column). Statistically significant results are marked in bold.
OR, odds ratio; CI, confidence interval; ASA, American Society of Anesthesiolo-
gists; PSIF, posterior spinal instrumentation and fusion; TLIF, transforaminal 
interbody fusion.
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tor for postsurgical ICU admission. Patients undergoing 
dorsal fusion at the cervicothoracic junction showed an 
increased probability of postsurgical ICU admission, with-
out showing a significant difference in the length of fusion 
compared with the thoracolumbar junction (p=0.09). The 
inclusion of the cervicothoracic junction has been associ-
ated with increased blood loss, longer time of surgery, and 
higher wound dehiscence rate, potentially explaining this 
marked increase in postsurgical ICU admissions [26,27]. 
The general length of fusion, which has been shown to be 
more invasive, might be a satisfactory explanation for the 
increased probability of ICU admissions for patients un-
dergoing fusion from the thoracic spine to the pelvis (OR, 
4.18; 6.1±0.6) or spinal deformities (OR, 7.7; 7.7±0.47) 
[28]. However, accepting it as the only associated factor 
was challenged by patients undergoing dorsal surgery of 
the cervical spine in our study group (OR, 3.29; 1.8±0.2). 
In fact, a recent study proposed re-evaluating the inva-
siveness index of surgeries for cervical spine deformities 
to reflect their complexity [29].

Lastly, our data suggest a higher probability (OR, 2.47) 
for patients with spondylodiscitis to require ICU treat-
ment after surgery. This finding once again emphasizes 
the severity of this pathology with substantial short- and 
long-term mortality and underlines the critical conditions 
the patients are in [30].

This study has some limitations because of its retrospec-
tive design. In particular, a detailed assessment of comor-
bidities and a more detailed assessment of perioperative 
blood loss and surgery time would have allowed for a 
more in-depth analysis. However, we aimed to identify 
preoperative factors that affect the probability of ICU 
treatment after dorsal spine surgery. Furthermore, the de-
cision on whether patients required ICU treatment pres-
ents a limitation because the anesthesiologists might have 
admitted patients with known risk factors (i.e., higher 
ASA classes and surgery >3 levels) as a safety measure. 
Despite these limitations, the study incorporated a large 
group of patients from a maximum care provider, allow-
ing for a reliable multivariate analysis.

Because of its complex patient flow variability, ICU 
capacity is a bottleneck for larger elective spine surgery, 
and a limited ICU capacity can be a contributor for post-
ponements and their impact on patient dissatisfaction 
and negative economic consequences for the hospital. 
Therefore, accurate predictions for the postoperative need 
for ICU treatment are pivotal. Although the multicausal 

decision for the predicted necessity must be reevaluated 
for each patient individually, the results from our mul-
tivariate analysis highlighted the relevance of the well-
established ASA class as a preoperative risk evaluation 
tool for postsurgical ICU admission. Despite including 
nonelective spine surgeries and the vertebral location, the 
ASA class remained a reliable and independent predictor 
of postsurgical ICU admission. Although the comorbidi-
ties, patient age, and intended length of fusion represent 
the foundation of every presurgical risk assessment, we 
advocate considering other factors, that is, preoperative 
diagnoses and the vertebral location, as suitable and prag-
matic parameters to estimate the postsurgical need for 
ICU treatment.

As of today, elective spine surgery does not substantially 
affect the ICU occupancy. However, because the demo-
graphic change toward an aging society and the growing 
demand for spine surgery are inevitable, optimization of 
resource efficiency is imperative. This necessity is high-
lighted by the potential relapse of COVID-19-associated 
lockdowns of elective surgeries. Simultaneously, frailty 
research should be intensified and multidisciplinary treat-
ment options should be advanced to face the challenges of 
an aging society.

Conclusions

Our results emphasize the significance of preoperative 
ASA class assessment. Furthermore, our regression identi-
fied surgery involving the cervicothoracic junction, spinal 
deformities, and spondylodiscitis as independent risk fac-
tors. Our data allowed for more sophisticated predictions 
of the need for ICU treatment after dorsal spine surgery, 
aiding surgeons in patient selection, communication, and 
ICU occupancy predictability.
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