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Venous thromboembolic events (VTEs), which in-
clude pulmonary embolisms (PEs) and deep vein 
thrombosis (DVT), are a common cause of morbid-

ity and mortality after spine surgery.1,13,17 Rates vary across 
patient populations, with one recent systematic review not-
ing a DVT rate of 2.7% and PE rate of 2.1% across the 

broader spine surgery population, but with rates as high as 
31% in high-risk patient populations.16

Patients admitted to the intensive care unit (ICU) fol-
lowing spine surgery are typically in poorer health and 
have a higher propensity for comorbid disease, placing 
them at a higher risk of developing VTEs and other com-
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OBJECTIVE Venous thromboembolic events (VTEs) are a common cause of morbidity and mortality after spine sur-
gery. Patients admitted to the intensive care unit (ICU) following spine surgery exhibit high-risk clinical characteristics.
METHODS The authors retrospectively analyzed 1269 ICU patients who had undergone spine surgery between Janu-
ary 1, 2009, and May 31, 2015. Relevant demographic, procedural, and outcome variables were collected.
RESULTS Patients admitted to the ICU postoperatively had a postoperative VTE rate of 10.2%, compared to 2.5% 
among all spine surgery patients during the study period. ICU patients had a higher comorbid disease burden (odds 
ratio [OR] 1.45, p < 0.001), and were more likely to have a history of a bleeding disorder (2.60% vs 0.46%, OR 2.85, p 
= 0.028), receive a transfusion (OR 4.81, p < 0.001), have a fracture repaired (OR 4.30, p < 0.001), have an estimated 
blood loss > 500 ml (OR 1.95, p = 0.009), have an osteotomy (OR 20.47, p = 0.006), or have a corpectomy (OR 3.48, p = 
0.007) than patients not admitted to the ICU. There was a significant difference in time to VTE between patients under-
going osteotomy and patients undergoing scoliosis corrections without osteotomy (p = 0.0431), patients with fractures 
(p = 0.0113), and patients undergoing fusions for indications other than scoliosis or fracture (p = 0.0056). Patients who 
developed a deep vein thrombosis (DVT) during their ICU stay were more likely to have received a prophylactic inferior 
vena cava filter placement (OR 8.98, p < 0.001), have undergone an interbody fusion procedure (OR 2.38, p = 0.037), 
have a history of DVT (OR 3.25, p < 0.001), and have shorter surgery times (OR 0.30, p = 0.002). Patients who devel-
oped a pulmonary embolism (PE) during the ICU stay were more likely to have a history of PE (OR 12.68 p = 0.015), 
history of DVT (OR 5.11, p = 0.042), fracture diagnosis (OR 7.02, p = 0.040), and diagnosis of scoliosis (OR 7.78, p = 
0.024). Patients with higher BMIs (OR 0.85, p = 0.036) and those who received anticoagulation treatment (OR 0.16, p = 
0.031) were less likely to develop a PE during their ICU stay.
CONCLUSIONS Patients admitted to the ICU following spine surgery have a higher rate of VTE than non-ICU patients. 
Time to VTE varied by pathology. Factors independently associated with VTE in the ICU are distinct from factors other-
wise associated with VTE. Some factors are independently associated with VTE throughout the 30-day postoperative 
period, while others are associated with VTE specifically during the initial ICU stay or after leaving the ICU.
https://thejns.org/doi/abs/10.3171/2018.5.SPINE171027
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plications.23,24 Roughly 65% of ICU patients have comor-
bid medical diagnoses,23,25 making VTEs particularly 
dangerous in this patient subset.10,31 Further insight is still 
needed to guide treatment and prophylaxis in unique high-
risk populations such as ICU patients.19

The goal of this study was to identify risk factors for 
VTEs following spine surgery in a high-risk subset of 
patients who were admitted to the ICU postoperatively. 
While considerable research has gone into investigating 
postsurgical VTEs in the general population, the literature 
is limited for this high-risk subset of patients. In the cur-
rent study, we examined clinical and demographic char-
acteristics of patients who were selected for ICU admis-
sion after undergoing spine surgery, and identified factors 
independently associated with VTE in this unique patient 
population both during their ICU admission and at other 
time points during their hospitalization.

Methods
Data Source

All spine patients at Northwestern Memorial Hospi-
tal were identified between January 1, 2009, and May 31, 
2015, using the Northwestern University Electronic Data 
Warehouse, a clinical data repository funded in conjunc-
tion with Northwestern Memorial Hospital serving the 
purpose of large clinical data storage. Current Procedural 
Terminology (CPT) codes were used to find and identify 
all primary spine surgeries. In patients with multiple op-
erations requiring different admissions during this time-
frame, each operation was analyzed separately. All pa-
tients undergoing minor spinal procedures or secondary 
procedures were excluded from analysis (including elec-
trode placements, instrumentation removals, operations 
for wound dehiscence, and hematoma evacuations). For 
each study subject, data were collected about the patient, 
procedure, and postoperative management. The IRB of 
Northwestern University approved this study.

Patient Data
We collected the following patient data: age at surgery, 

sex, BMI, history of bleeding disorders, smoking status 
(never, ever, and current), history of VTEs, and number 
of comorbidities present (including hypertension, cardiac, 
renal, pulmonary, and endocrine disease) as identified by 
ICD-9 codes.

Procedural Data
We collected the following data about the procedures 

performed: site of surgery (cervical, thoracic, lumbar, un-
specified), length of surgery, estimated blood loss (EBL; 
in ml), use of transfusion, length of ICU stay (hours), and 
length of hospitalization (days). We also collected data on 
whether the following were part of the patient’s presenting 
pathology or the procedure performed: fusion, interbody 
fusion, laminectomy, corpectomy, osteotomy, kyphoplasty, 
minimally invasive surgery, cyst or abscesses, fractures, 
tumors, stenosis, scoliosis, prior inferior vena cava (IVC) 
filter placement, length of stay, and use of chemoprophy-
lactic anticoagulation.

Outcomes Data
We collected data on the occurrence of VTE complica-

tions within 30 days after surgery, defined as either DVT 
or PE. We collected data on the use of chemoprophylactic 
anticoagulation in our patients. Given recent data showing 
that spine surgeons using chemoprophylactic anticoagu-
lation do so in the first few days following surgery,16 we 
defined chemoprophylaxis as anticoagulation given from 
1 day prior to 3 days after the operation. Patients who re-
ceived anticoagulation outside this window were assumed 
to be receiving it therapeutically and were not included in 
the chemoprophylactic group.

Statistical Methods
Microsoft Excel 2015 was used to manage and col-

lect data. Statistical analysis was performed using Stata 
(version 14.0, StataCorp). Parametric data were presented 
as the mean ± standard deviation and compared using 
2-tailed t-tests. Nonparametric data were compared using 
the Mann-Whitney U-test or chi-square test, as appropri-
ate. Regression analysis was performed using stepwise 
logistic regression. A threshold of p < 0.10 was used for 
multivariate inclusion and a p value < 0.05 was considered 
statistically significant.

Results
Selection for ICU Admission

We identified 6869 consecutive patients who under-
went spine surgery at our institution during the period 
studied. From them, we identified 1269 patients who were 
admitted to the ICU postoperatively. Patients in the group 
admitted to the ICU had longer surgeries (odds ratio [OR] 
4.25, p < 0.001), higher BMIs (OR 1.03, p = 0.027), and 
longer hospital stays (OR 1.45, p < 0.001). These patients 
also had a higher comorbid disease burden (OR 1.45, p < 
0.001), higher likelihood of a history of a bleeding disor-
der (2.60% vs 0.46%, OR 2.85, p = 0.028), and were more 
likely to be male (OR 2.01, p < 0.001). Patients admitted 
to the ICU were also more likely to receive a transfusion 
(OR 4.81, p < 0.001), have a fracture repaired (OR 4.29, p 
< 0.001), have an EBL > 500 ml (OR 1.95, p = 0.009), have 
an osteotomy (OR 20.47, p = 0.006), or have a corpectomy 
(OR 3.48, p = 0.007; Table 1).

Demographic and Clinical Data
Among patients selected for ICU admission, the mean 

patient age was 58.9 years, and the median age was 61 
years. Of 1269 patients, 645 were male (50.83%). The 
mean length of hospital stay was 9.25 days, with a median 
of 7 days. The mean length of ICU stay was 81.0 hours 
with a median of 48 hours. Our patient cohort included 864 
white patients (68.09%), 139 African Americans (10.95%), 
63 Hispanics (4.96%), 4 Asian Pacific Islanders (0.32%), 
and 199 patients who identified as other (15.68%). A fu-
sion was performed on 900 patients (70.92%), an osteot-
omy was performed on 121 patients (9.54%), 149 patients 
(11.74%) had a scoliosis correction, 133 patients (10.48%) 
had surgery for a fracture, and 88 patients (6.93%) under-
went a corpectomy (Table 2).
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VTE Rates and Use of Chemoprophylactic Anticoagulation
Among the 1269 ICU patients included in our study, 

130 experienced VTEs (10.2%), including 110 DVTs 
(8.7%), and 35 PEs (2.8%). The median time of VTE de-
velopment was 4.48 days overall, and 4.41, 4.90, 4.01, and 
8.03 days for patients undergoing interbody fusion, lami-
notomies, foraminotomies, and osteotomies, respectively. 
Of these 130 patients, 59 experienced VTEs while in the 
ICU , including 18 PEs and 53 DVTs. Of the patients ad-
mitted to the ICU following spine surgery, 59.18% (n = 
751) received anticoagulant therapy for chemoprophylaxis, 
much greater than the 22.80% (n = 1276) of non-ICU ad-
mits who received chemoprophylaxis. Chemoprophylactic 
anticoagulant choice among the subset of ICU patients is 
shown in Table 3. Among ICU patients, increasing age was 
independently associated with selection for chemopro-
phylaxis (OR 1.02, p = 0.012). There was a trend toward 
a difference in time to VTEs when patients were strati-
fied by pathology and procedure (p = 0.064). On direct 
comparison, there was a significant difference in time to 
VTEs between patients undergoing osteotomy and those 
undergoing scoliosis corrections without osteotomy, pa-
tients with fractures, and patients undergoing fusions for 
indications other than scoliosis or fracture (Table 4, Fig. 
1). There were no differences in time to VTEs among the 
other groups. Despite prophylactic use, treatment failure 
occurred in 58 of 751 patients (7.7%) who were receiving 
chemoprophylaxis (11 PEs, 47 DVTs) with events occur-
ring a median of 6.12 days postoperatively.

Factors Independently Associated With DVT
Among patients selected for ICU admission, those who 

developed a DVT within 30 days postoperatively were 
more like to have a history of DVT (OR 3.25, p < 0.001), 
have a longer length of hospital stay (OR 1.05, p = 0.002), 
have received a prophylactic IVC filter placement (OR 
3.41, p < 0.001), and have undergone an interbody fusion 

procedure (OR 2.38, p = 0.037) compared to those who 
did not (Table 5).

Patients who developed a DVT during their ICU stay 
were more likely to have received a prophylactic IVC filter 
placement (OR 8.98, p < 0.001), have undergone an inter-
body fusion procedure (OR 2.38, p = 0.037), have a history 
of DVT (OR 3.25, p < 0.001), and have shorter surgery 
times (OR 0.30, p = 0.002) compared to those who did not 
develop a DVT during their hospital stay. Notably, there 
was a trend toward significance in patients with a fracture 
diagnosis (OR 3.09, p = 0.051) and with a history of PE 
(OR 3.54, p = 0.066).

TABLE 1. Characteristics of patients admitted to the ICU 
compared to patients not admitted, as determined by 
multivariable logistic regression

Characteristic p Value OR 95% CI

Surgery >4 hrs <0.001 4.253512 2.985032–6.061028
Length of stay <0.001 1.445626 1.355395–1.541863
Transfusion <0.001 4.807072 2.946314–7.843001
Lumbar surgery <0.001  0.2856406 0.1988776–0.410255
Comorbid disease 

burden
<0.001 1.450795 1.21503–1.732309

Sex <0.001 2.012157 1.445438–2.801074
Fracture <0.001 4.294704 1.990139–9.267936
EBL >500 ml 0.009 1.946183 1.185028–3.196234
Osteotomy 0.006 20.47045 2.393249–175.0922
History of bleeding 

disorder
0.028 2.854518 1.120385–7.27274

Corpectomy 0.007 3.481403 1.39527–8.686608
BMI 0.027 1.026497 1.003012–1.05053

TABLE 2. Demographic and clinical characteristics of 1269 
consecutive patients admitted to the ICU after undergoing spine 
surgery

Characteristic Value (%)

Mean age, yrs 58.94
Median age, yrs 61
Race
 White 864 (68)
 African American 139 (11)
 Hispanic 63 (5)
 Pacific Islander 4 (0.3)
 Other 199 (16)
Mean length of hospital stay, days 9.25
Median length of hospital stay, days 7
Mean length of ICU stay, hrs 81.03
Median length of ICU stay, hrs 48
Surgical characteristics
 Osteotomy 121 (10)
 Fusion 900 (71)
 Scoliosis correction 149 (12)
 Corpectomy 88 (7)
 Fracture correction 133 (10)
 Laminectomy w/o fusion 163 (13)
 Cervical region 347 (27)
 Thoracic region 297 (23)
 Lumbar region 595 (47)

TABLE 3. Anticoagulation choice after spine surgery (n = 849)

Anticoagulant Percentage
Start Time After Surgery (days)

Mean Median

Warfarin 2.83 9.85 7.68
Heparin 31.57 1.94 1.67
Enoxaparin 23.32 1.98 1.11
Dalteparin 41.58 1.93 1.86
Foundaparinux 0.71 4.00 3.94

Choice of anticoagulation for all 751 patients selected for ICU admission who 
received chemoprophylaxis. The total number of anticoagulants (n = 849) is 
greater than the total number of patients who received chemoprophylaxis (n 
= 751) because some patients required multiple different chemoprophylactic 
agents during their ICU stay.
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Patients who developed a DVT after their ICU stay 
were more likely to have a history of DVT (OR 6.45, p < 
0.001), an interbody fusion (OR 2.64, p = 0.047), or oste-
otomy procedure (OR 3.14, p = 0.045) compared to those 
who did not develop a DVT after their ICU stay. Patients 
who underwent a fusion other than an interbody fusion 
were less likely to develop a DVT during their ICU stay 
(OR 0.36, p = 0.017) than other ICU patients.

Factors Independently Associated With PE
Among patients selected for ICU admission, those de-

veloping PE within 30 days postoperatively were more 
likely to have a history of PE (OR 15.65, p < 0.001), more 
likely to have undergone a surgery longer than 4 hours (OR 
3.84, p = 0.047), and less likely to be receiving chemopro-
phylaxis (OR 0.34, p = 0.021) compared to those who did 
not develop a PE during their hospital stay (Table 6).

Patients who developed a PE during the ICU stay were 

more likely to have a history of PE (OR 12.68, p = 0.015), 
history of DVT (OR 5.11, p = 0.042), fracture diagnosis 
(OR 7.02, p = 0.040), and diagnosis of scoliosis (OR 7.78, 
p = 0.024) compared to those who did not develop a PE 
during their ICU stay. Interestingly, patients with higher 
BMIs were less likely to develop a PE during their ICU 
stay (OR 0.85, p = 0.036). Patients receiving anticoagulant 
therapy for chemoprophylaxis were less likely to develop 
a PE during their ICU stay compared to those who did not 
(OR 0.16, p = 0.031).

Patients who developed a PE after their ICU stay were 
more likely to have a history of PE (OR 37.48, p < 0.001), 
or to have undergone a laminectomy (OR 3.81, p = 0.041), 
and were less likely to be men (OR 0.12, p = 0.006), com-
pared to those who did not develop a PE following their 
ICU stay. Patients receiving a transfusion were less likely 
to develop a PE following their ICU stay compared to 
those who did not receive any blood products (OR 0.16, 
p = 0.043).

Discussion
Venous thromboembolism following spine surgery is a 

common cause of significant morbidity and mortality.14,16,26 
Much of the current literature focuses on the epidemiol-
ogy of VTE following specific surgical procedures, al-
though specific subgroups of patients within such cohorts 
are likely at higher risk of VTE than others.2,3 Patients ad-
mitted to the ICU following spine surgery are typically in 
poorer health and have a higher propensity for comorbid 
disease, placing them at a higher risk of developing VTEs 
and other complications.23,24 Further insight is still needed 
to guide treatment and prophylaxis in unique, high-risk 
populations such as ICU patients.19 In this study we identi-

TABLE 4. Median time to VTE, stratified by type of pathology or 
surgical intervention

Group Median Days to VTE p Value

Fusion 3.97 0.0056
Fracture 4.28 0.0113
Scoliosis 5.95 0.0431
Laminectomy 6.08 0.2371
Osteotomy 8.16 —

The p values in the above table represent p values associated with direct 
comparisons between a given pathology or intervention, and the reference 
group (the osteotomy group). There was a trend toward an overall difference in 
time to VTEs (p = 0.064).

FIG. 1. Difference in time to VTE between patients based on procedure characteristics. A significant difference was found between 
patients undergoing osteotomy versus patients undergoing scoliosis corrections without osteotomy (p = 0.0431), versus patients 
with fractures (p = 0.0113), and versus patients undergoing fusions for indications other than scoliosis or fracture (p = 0.0056).
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fied factors that were independently associated with being 
selected for ICU admission after surgery, as well as fac-
tors independently associated with VTEs in this unique 
patient subgroup, both within 30 postoperative days and 
their postoperative ICU stay specifically.

In our study, we found that patients selected for ICU 
admission had a higher BMI, were more likely to have a 
history of a bleeding disorder, and had a higher comor-
bid disease burden. They also underwent longer surgeries, 
were more likely to receive transfusions, had more blood 
loss during surgery, and had other similar perioperative 
differences. These findings are consistent with previous 
literature on ICU patients that shows similar differences 
between ICU and non-ICU patients.4,7,8,12

In our high-risk patient population, we found that there 
was an overall VTE rate of 10.2%, compared to a rate of 
2.5% for all patients presenting to our institution during 
the same time period.11 Our overall 2.5% rate of VTE is 
comparable to the rate observed in a recent systematic re-
view of 25 studies.16 Existing literature is lacking on rates 
of VTE after spine surgery among patients requiring post-
operative ICU care, but their higher rate of VTE is ex-
pected given their high-risk clinical characteristics.

Our findings suggest that the factors associated with 
the development of DVT in the ICU are different than 
the factors associated with DVT at other times during the 
30-day postoperative period. Having a history of DVT 
or undergoing an interbody fusion was associated with 

DVT both during the ICU stay and after leaving the ICU, 
which is consistent with existing literature showing that 
these are DVT risk factors.5,21,30 Surgery for a spinal frac-
ture approached significance in association with develop-
ing DVT in the ICU, while patients undergoing osteotomy 
were more likely to develop DVT after leaving the ICU. 
This is consistent with our finding that there was a signifi-
cant difference in time to VTE between patients with frac-
tures and patients who underwent osteotomy. Moreover, 
existing literature, including a meta-analysis encompass-
ing 29 studies, has shown that VTE risk varies depending 
on the procedure performed and whether the procedure 
is performed for deformity or a degenerative condition.9,26 
Further studies are required to determine the driver of this 
difference in the timing of VTE between patient popula-
tions.

Different factors were independently associated with 
PE during ICU stay and PE at any other time during the 
30-day postoperative period. Consistent with the current 
literature on VTE risk factors,5,21,30 a history of VTE or 
PE was associated with PE, either during the ICU stay or 
after leaving the ICU. Undergoing surgery for a fracture 
or for scoliosis were both associated with PE during the 
ICU stay, while laminectomy was associated with PE after 
leaving the ICU. This may reflect the differences in the 
baseline risk for PE between these patients, as well as the 
effects of each surgery. The endothelial disruption asso-
ciated with a scoliosis correction or fractures may cause 
an acutely hypercoaguable state in such patients, making 
them more likely to develop PE in the immediate postop-

TABLE 5. Factors independently associated with DVT among 
1269 consecutive patients admitted to the ICU after undergoing 
spine surgery

Factor p Value OR 95% CI

DVT w/in 30 days 
postop

  IVC filter placed <0.001 3.412723 1.808512–6.439924
  History of DVT <0.001 3.249682 1.70479–6.194565
  Length of stay 0.002 1.053398 1.018483–1.08951
  Interbody fusion 0.037 2.380605 1.051834–5.387999
DVT during postop 

ICU stay
  IVC filter placed <0.001 8.98246 3.515054–22.95401
  Interbody fusion 0.037 2.380605 —
  History of DVT <0.001 3.249682 —
  Surgery >4 hrs 0.015 0.3014445 0.1151172–0.7893586
  History of PE 0.066 3.542863 —
  Fracture 0.051 3.090874 —
DVT after postop ICU 

stay
  History of DVT <0.001 6.427699 2.811318–14.69606
  Foraminotomy 0.042 4.176589 1.051321–16.59237
  Fusion 0.017 0.3567093 0.1533802–0.8295825
  Interbody fusion 0.047 2.641959 1.013242–6.888731
  Osteotomy 0.045 3.139169 1.025886–9.605729

Separate multivariable logistic regression analyses were performed to identify 
variables associated with DVT during the postoperative ICU stay, DVT after 
leaving the ICU, and DVT at any point within the first 30 postoperative days.

TABLE 6. Factors independently associated with PE among 1269 
consecutive patients admitted to the ICU after undergoing spine 
surgery

Factor p Value OR 95% CI

PE w/in 30 days 
postop

  History of PE <0.001 15.64945 4.431427–55.26557
  Chemoprophy-

laxis
0.021 0.3363742 0.1334331–0.8479725

  Surgery >4 hrs 0.047 3.841612 1.015781–14.5287
PE in ICU
 History of PE 0.015 12.68318 1.62243–99.1495
 Fracture 0.04 7.017144 1.08992–45.1779
 BMI 0.036  0.8490821 0.7285448–0.9895622
 History of DVT 0.042 5.107954 1.056872–24.68718
 Chemoprophylaxis 0.031 0.1623893 0.0310727–0.8486636
 Scoliosis 0.024 7.782698 1.31439–46.08252
PE after ICU
 History of PE <0.001 37.4806 6.068861–231.476
 Sex 0.006 0.1239585 0.0278022–0.5526794
 Laminectomy 0.041 3.807712 1.058083–13.70277
 Transfusion 0.043 0.1556681 0.0255944–0.9467926

Chemoprophylaxis = chemoprophylactic anticoagulation. 
Separate multivariable logistic regression analyses were performed to identify 
variables associated with PE during the postoperative ICU stay, PE after leav-
ing the ICU, and PE at any point within the first 30 postoperative days. 
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erative period, during the ICU stay. In contrast, patients re-
quiring laminectomy have elsewhere been described to be 
at decreased risk of PE compared to patients with deformi-
ty.9 This decreased risk may be attributable to the fact that 
laminectomies are on average less complicated procedures 
than various scoliosis correction procedures and fracture 
correction and are therefore less likely to cause extensive 
endothelial damage in comparison. However, risk factors 
for VTEs in patients who underwent laminectomy, such 
as age and comorbid disease burden, would likely remain 
constant throughout a patient’s hospital stay and may con-
tribute to their propensity for out-of-ICU PE events.

Similarly, female sex is an unchanging risk factor that 
was associated with PE during the 30-day postoperative 
period, which is consistent with prior spine surgery litera-
ture showing an increased VTE risk in women.20 Interest-
ingly, in contrast with prior studies showing that a higher 
BMI is associated with VTEs,28,30 we found that patients 
with a higher BMI were less likely to have a PE while in 
the ICU. It is unclear to the authors why such an associa-
tion was found or what specifically may be driving this 
finding. It is possible that patients with an increased BMI 
are more likely to undergo more liberal precautionary 
management or prophylaxis so as to prevent unnecessary 
complications. Similarly, patients with higher BMIs may 
experience extended recovery times, longer immobiliza-
tion, and more perioperative complications, predisposing 
them to prolonged hospital courses outside the ICU during 
which VTEs may occur. However, it is difficult to draw 
conclusions without further investigation.

Importantly, chemoprophylaxis was associated with a 
significant decrease in PE in the ICU setting. It is well es-
tablished that anticoagulation decreases VTEs.5,13,18 How-
ever, there is controversy about how to balance the benefits 
of chemoprophylaxis with the risk of bleeding complica-
tions in the immediate postoperative period, and there is 
significant variability in the use of prophylactic anticoagu-
lation after spine surgery.6,14–16 Given the significant mor-
bidity and mortality associated with PE, chemoprophy-
lactic anticoagulation may be beneficial for spine surgery 
patients selected for ICU admission.

There are multiple limitations to our study. First, this is 
a retrospective study and it is therefore prone to informa-
tion bias. Detection bias could have impacted the number 
of thromboembolisms discovered as there is no universal 
DVT screening protocol at our institution and the deci-
sion to perform screening ultrasounds is dependent on in-
dividual provider preference. The patients in the ICU were 
likely under intense observation and suspicion from their 
providers due to their elevated risk, potentially affecting 
the number of VTEs discovered compared to the non-ICU 
population. Similarly, as the current study was performed 
at a single institution only, it remains to be seen whether 
or not found results will be generalizable across vari-
ous unique institutions across the country. Despite these 
limitations, our study provides much needed insight into a 
high-risk patient population for which the existing litera-
ture is limited.

Prior studies on patients undergoing spine surgeries 
have also focused on the rate of VTE and its risk fac-
tors.2,5,13,22,27,29 However, these analyses have either focused 

on specific procedures or have investigated specific patient 
populations other than patients in the ICU setting. Our 
analysis adds to the existing literature by examining risk 
factors for VTEs among postoperative spine patients who 
are admitted to the ICU, and by distinguishing between 
factors independently associated with VTE during ICU 
stay as opposed to the remainder of a 30-day postoperative 
period. By examining this specific population, our study 
provides insight for a high-risk group that has not been a 
focus of previous spine studies.

Conclusions
Patients admitted to the ICU following spine surgery 

have a higher rate of VTEs than non-ICU patients. Patients 
admitted to the ICU following spine surgery are typically 
in poorer health, and are undergoing high-risk surgeries. 
Time to VTE varied by pathology. Factors independently 
associated with VTEs in the ICU are distinct from fac-
tors otherwise associated with VTE. Some factors are 
independently associated with VTEs throughout the 30-
day postoperative period, while others are associated with 
VTE specifically during the initial ICU stay or after leav-
ing the ICU.
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