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Case Report

Intraoperative fat embolism syndrome associated with 
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Background: For patients undergoing long-construct fusion surgeries, simultaneous sacroiliac joint 
(SIJ) fusion is a growing trend in spine surgery. Some options for posterior SIJ fusion include 3D-printed 
triangular titanium implants or self-harvesting SIJ screws. Both implants require fixation within the sacrum 
and ileum. Fat embolism syndrome is a rare but known complication of lumbar pedicle instrumentation but 
has never been reported in association with SIJ fusion, regardless of implant type. We report the first two 
known cases of fat embolism associated with placement of SIJ fusion devices during long construct posterior 
spine fusion. 
Case Description: Case 1—a 50-year-old female with multiple previous spine surgeries complicated 
by osteomyelitis/diskitis that was successfully eradicated, underwent T10-pelvis posterior spinal fusion 
(PSF), L4 pedicle-subtracting-osteotomy, and bilateral SIJ fusion. During implantation of each SIJ fusion 
device, the patient’s hemodynamic status deteriorated necessitating vasopressor support, intravenous fluid 
bolus, and hyperventilation, but quickly resolved. The case was completed without further issue, and 
she had an uneventful post-operative course. Case 2—a 71-year-old female with a past medical history 
of ankylosing spondylitis, previous L2–L5 PSF, rheumatoid arthritis on chronic steroids, underwent a  
T9-pelvis PSF, bilateral SIJ fusion, L4 pedicle subtraction osteotomy, T10–L1 Smith Peterson osteotomies. 
After implantation of the second SIJ fusion device, she became hypotensive and tachycardic, pulses were 
absent, and cardiopulmonary resuscitation was initiated. Pulses returned quickly, the index surgery was 
terminated, and she was transferred to the intensive care unit (ICU). In the ICU she was quickly weaned off 
the ventilator on post-operative day 1. On post-operative day 4, the patient returned to the operating room 
for completion of the surgery and had an extended, but uneventful, recovery afterwards.
Conclusions: We report on the first two known cases of fat embolism syndrome occurring immediately 
after implantation of SIJ fusion devices. Spine surgeons should be aware of this rare, but potentially fatal, 
complication. Collaboration with the anesthesia team and optimization of the patient’s hemodynamic status 
prior to implantation may help prevent catastrophic complications. 
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Introduction

Degenerative kyphoscoliosis with other degenerative 
pathologies of the lumbar spine is a common problem, 
affecting 6–68% of the elderly population (1). For patients 
undergoing surgery to correct lumbar degenerative 
kyphoscoliosis, sacroiliac joint (SIJ) fusion has been 
proposed as an adjunct. This may be done if the patient 
has pre-existing SIJ dysfunction and/or to stabilize the 
SIJ in the face of long-construct fusions. Prophylactic 
fusion is a controversial topic that is currently being 
investigated. It is known that many patients undergoing 
lumbopelvic fusion develop post-operative SIJ pain (2-4). 
Historically, screws and plates were the traditional choice 
of instrumentation when SIJ fusion was required. More 
recently, the development of new implants and techniques 
offers alternative options for fixation and approach. These 
new implants provide excellent biomechanical stability and 
the opportunity to augment the fixation with bone graft 
within the device itself (5,6).

Intraoperative pulmonary fat embolism is a rare but 
known complication of spinal pedicle screw instrumentation 
(7-11) and cement augmentation (12-14). Data on 
this phenomenon is limited primarily to case reports, 
highlighting the infrequent nature of the problem. To 
our knowledge, no previous reports have documented the 
occurrence of fat embolism associated with implantation of 
a titanium SIJ fusion device. We report on two cases during 
which intraoperative fat embolism occurred immediately 
following placement of the implant. We present this article 

in accordance with the CARE reporting checklist (available 
at https://jss.amegroups.com/article/view/10.21037/jss-23-
87/rc).

Case presentation

Case 1

The patient was a 50-year-old female with a past medical 
history of ankylosing spondylitis, hypertension, and 
tobacco use, who presented to our clinic with a complicated 
surgical history. The patient had undergone previous L5–
S1 posterior spinal fusion (PSF) 17 years prior, followed by 
adjacent level disease requiring extension posterior fusion 
to L4 and L4/L5 interbody fusion twelve years later. She 
subsequently developed adjacent level disease again in that 
same year and underwent extension posterior fusion to L3 
and interbody fusion of L3/L4. After the last surgery, the 
patient developed L3–L4 osteomyelitis/diskitis that was 
managed non-operatively with multiple long-term courses 
of antibiotics and chronic oral antibiotic suppression. Once 
established with our surgical team, the patient underwent 
irrigation and debridement (I&D) and removal of the 
posterior instrumentation with retained interbody implants, 
followed by six weeks of intravenous antibiotics. Imaging at 
that time demonstrated significant loss of lumbar lordosis 
consistent with iatrogenic flatback syndrome (Figure 1). She 
had no clinical indications or imaging findings concerning 
for ongoing infection, and normal inflammatory markers. 
The patient demonstrated symptoms consistent with 
sagittal plane deformity with sagittal plane fatigue refractory 
to nonoperative management. After discussion with the 
patient, the decision was made to proceed with a T10-pelvis 
PSF with an L4 pedicle subtracting osteotomy (PSO) and 
bilateral SIJ fusions.

Clinical course
A standard midline posterior approach to the lumbar spine 
was utilized. Exposure of the lumbar spine was obtained 
in standard fashion from T10 to the sacrum. Intra-
operative navigation was utilized. Pedicle screws were 
placed bilaterally from T10 to S1 (excluding L4) along 
with bilateral S2 Alar-Iliac (AI) screws. SIJ fusion was then 
performed aided by stealth navigation. A navigated awl was 
used to create a tract from the sacrum across the SIJ into 
the ilium proximal to the S2 AI screws. Next a guide pin 
was placed into this tract and over-drilled to decorticate the 
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joint. Lastly, the iFuse-TORQ implant (Medtronic, Dublin, 
Ireland), packed with demineralized bone matrix (DBM), 
was placed into final position. Moments after insertion 
of the implant, the anesthesiologist notified the surgical 
team that the patients oxygen saturation levels dropped, 
blood pressure fell, and end-tidal carbon-dioxide (CO2) had 
decreased. This was quickly resolved. The contralateral SIJ 
was fused using the same technique. Again, immediately 

after placement of the device, the patient’s oxygen levels, 
blood pressure decreased, end-tidal CO2 diminished, and 
became mildly tachycardic. The anesthesiologist gave an 
intravenous fluid bolus and started low dose vasopressors. 
The patient’s hemodynamic status quickly returned to 
baseline. After discussion with the anesthesia team, we 
felt this was most consistent with fat emboli syndrome, 
but given the quick return to hemodynamic baseline, felt 
that surgery could proceed. The rest of the procedure 
was completed without issue, including completion of the 
three-column PSO (Figure 2). The patient was woken from 
anesthesia and admitted to the orthopedic floor. Her post-
operative course was unremarkable, and she was discharged 
on post-operative day 3 without the need for oxygen. The 
patient had no further pulmonary complications during the 
course of their recovery (Figure 3).

Figure 1 Preoperative standing anterior-posterior and lateral 
X-rays of case 1.

Figure 2 Post-operative biplanar X-rays of case 1.
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Figure 3 Timeline of case 1. PSF, posterior spinal fusion; PLIF, 
posterior lumbar interbody fusion; I&D, incision and drainage; 
PSO, pedicle subtracting osteotomy; SIJ, sacroiliac joint.
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Case 2

The patient was a 71-year-old female with a past medical 
history of osteoporosis, congestive heart failure, dilated 
cardiomyopathy, rheumatoid arthritis on chronic steroids, 
and hypertension. The patient presented to our clinic with 
three years of increasing back pain, bilateral lower extremity 
(right worse than left) radiculopathy, and symptoms 
consistent with lumbar spinal stenosis. Many years prior 
the patient underwent L2–L5 PSF with L3–L4 and L4–
L5 transforaminal lumbar interbody fusions (TLIF), as well 
as multiple thoracic laminectomies. Preoperative imaging 
demonstrated a solid fusion from L2–L5, adjacent level 
disease with multi-level disc degeneration, spondylosis, 
disc protrusions, lumbar lordosis of 54 degrees, pelvic 
incidence of 85 degrees, and sagittal vertical axis of 12 cm  
(Figure 4). After discussion with the patient, decision was 
made to proceed with removal of implants, T9-pelvis 
PSF with L4 PSO and T10–L1 posterior column (Smith-
Peterson) osteotomies (PCOs) to correct her deformity.

Clinical course
A standard midline posterior approach to the lumbar spine 
was utilized. Exposure of the spine was obtained in standard 
fashion from T9 to S2 and the posterior ilium bilaterally. 
Utilizing image-based navigation, pedicle screws were 
placed bilaterally from T10 to L3 and L5 to S1. SIJ fusion 

was then performed simultaneously and bilaterally utilizing 
navigation. A navigated awl was used to create a tract from 
the sacrum across the SIJ into the ilium. Next a guided pin 
was placed into this tract and over-drilled to decorticate 
the joint. A broach was used to further decorticate the 
joint and establish the corridor for the implant. Lastly, the 
iFuse triangular titanium implant (Medtronic, Dublin, IR), 
packed with DBM, was placed into final position. This 
was completed bilaterally. Moments after insertion of the 
second implant, the anesthesiologist notified the surgical 
team that the patients oxygen saturation levels dropped, 
blood pressure fell, and both tidal volumes and end-tidal 
CO2 decreased. Intraoperative blood loss to this point had 
only been 300 mL. Pulses were no longer palpable, and 
cardiopulmonary resuscitation was begun. Posterior chest 
compressions were started, the anesthesiologist started 
vasopressors, and hyperventilated the patient with 100% 
oxygen. A few “stay” sutures were placed in the lumbar 
fascia, and Io-ban was placed over the surgical wound. 
The patient was transferred to a hospital bed and anterior 
chest compressions started. Return of spontaneous cardiac 
activity and palpable pulses were achieved within 2 minutes. 
An intraoperative transesophageal echocardiogram was 
performed demonstrating right heart strain, consistent with 
a pulmonary embolus. The patient was turned on their side, 
the Io-ban was replaced with a wound-vac system, and the 
patient was transferred to the surgical intensive care unit 
(SICU). A post-operative chest computed tomography 
(CT)-angiography demonstrated no observable pulmonary 
embolus, providing further evidence of a transient fat 
embolus. The patient was started on broad spectrum 
antibiotics given concern for aspiration pneumonia. 
Laboratory studies did not demonstrate evidence of a 
myocardial infarction. Given the constellation of events 
and without signs of pulmonary thromboembolism on CT 
imaging, the team felt the only explanation for the code 
event was transient fat embolism syndrome. The patient’s 
vital signs quickly improved in the SICU and was extubated 
on post-operative day 2. On post-operative day 4, the 
patient returned to the operating room for completion 
of her surgery, which was uneventful. She successfully 
underwent T9-ilium PSF with L4 pedicle subtraction 
osteotomy and T10–L1 Smith-Peterson osteotomies  
(Figure 5). Post-operatively the patient was immediately 
extubated after completion of the procedure. On the floor, 
the patient quickly weaned from oxygen, worked with 
physical and occupational therapy, and was discharged home 
on hospital day 10. The patient had no further pulmonary 

Figure 4 Pre-operative anterior-posterior and lateral X-rays of 
case 2.
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complications during the course of their recovery (Figure 6).
All procedures performed in this study were in 

accordance with the ethical standards of the institutional 
and/or national research committees and with the Helsinki 
Declaration (as revised in 2013). Written informed consent 
was obtained from both patients for publication of this case 
report and accompanying images. A copy of the written 
consent is available for review by the editorial office of this 
journal.

Discussion

Fat embolism syndrome is a potentially lethal, albeit rare, 
complication of both orthopedic injuries and surgeries. 
Classically, fat embolism syndrome is seen in the setting 
of long-bone fractures, especially bilateral injuries (15). 
There are also reports of fat embolism syndrome associated 
with cement extravasation, although this needs to be 
differentiated from a similar but different syndrome 
associated with polymethyl methacrylate (PMMA) (12-14). 

In the spine literature, very few reports exist of 
fa t  embol i sm syndrome occurr ing dur ing sp ina l 
instrumentation (7-11). Two other reports comment on 
fatal pulmonary fat embolism syndrome that occurred in 
the acute post-operative period (16,17). To our knowledge, 
there are no reports of fat embolism syndrome previously 
reported with implantation of a titanium SIJ fusion device, 

or specifically the iFuse triangular implant or iFuse-TORQ 
fixation device. Two separate randomized-controlled clinical 
trials did not report a single incidence of fat emboli in their 
combined cohort of over 150 patients (18,19). Our report 
marks the first two known reports of such an occurrence 
in the literature. Fortunately, both patients described 
in this report survived, although one of the patients did 
require premature termination of her index surgery, 
cardiopulmonary resuscitation with chest compressions, 
a second surgery to complete the spinal fusion and 
osteotomies, and an extended hospital stay.

Classically, fat embolism syndrome presents with the 
triad of respiratory distress, neurologic changes, and a 
petechial rash (15). Intraoperatively however, establishing 
the correct diagnosis can be much more difficult. 

Figure 5 Post-operative day 3 biplanar X-rays for case 2.
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Figure 6 Timeline of case 2. TLIF, transforaminal lumbar 
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Electrocardiogram evidence of a pulmonary embolism, 
whether fat emboli or thrombus, include signs of right 
ventricular strain, ST and/or T wave changes, and atrial 
abnormalities (8). Respiratory signs of fat embolism 
syndrome include hypoxemia, decreased lung compliance, 
and decreased end-tidal CO2 levels (8,15,20). Cardiovascular 
abnormalities include hypotension, tachycardia, and 
possibly non-perfusing cardiac rhythms such as ventricular 
fibrillation, ventricular tachycardia, or pulseless electrical 
activity, and complete loss of pulses (8,15,20). Intraoperative 
transthoracic or transesophageal echocardiography can 
demonstrate signs of right heart failure, while the latter 
can demonstrate an identifiable thrombus within the main 
pulmonary vasculature (8,20). Intraoperative angiography 
is usually not a viable option. Fat embolism syndrome is 
reported to be fatal in 5–20% of cases (15).

Treatment of fat embolism syndrome is largely 
supportive, as there is no specific medication that can be 
given to reverse the pathology or to remove the fat emboli 
from the pulmonary vasculature (8,15). To maintain oxygen 
saturations, the patient often must be hyperventilated with 
100% oxygen. Vasopressor support is mandatory to sustain 
the patient’s blood pressure to ensure continued perfusion 
of both the spinal cord and the brain (15). In the event 
of loss of pulses or a non-perfusing cardiac rhythm, chest 
compressions and standard advance life support protocols 
should be initiated immediately. While these measures are 
largely dictated by the anesthesiology team, it is important 
for the spine surgeon to be well-versed with the various 
measures that should be taken. Probably the most useful 
action the surgeon can take is to ensure the spinal column 
is stable, rapidly pack and cover the wound with a sterile 
dressing to minimize bleeding and protect the surgical site, 
and assist in transferring the patient to a hospital bed where 
continued life-saving measures are performed much more 
easily. Thrombolytic therapy should be considered if there 
is concern for thrombotic rather than fat emboli as the 
source of the pulmonary embolus. Albumin can be given as 
it binds to free fatty acids (21).

Unfortunately, the reason for why fat emboli syndrome 
occurred in these specific patients is not entirely clear. 
However, given the immediate temporal relation between 
implantation of the devices and hemodynamic collapse in 
both patients, we do believe that placement of the implants 
was likely the precipitating factor in both patients. Of 
course, this is impossible to prove outright. We hypothesize 
that the SIJ fusion device may carry a higher risk for 
this complication for a few reasons. The implant, either 

the 3D-printed triangular implant or the screw, may act 
similarly to intra-medullary devices in terms of marrow 
disturbance. In the case of the triangular implant, it is placed 
by impacting the implant along a guide wire into a broached 
corridor in the bone. As is seen with intramedullary 
nails, implantation of the device may displace the bone 
marrow and fat out of the path of the device and into  
circulation (22). Most importantly, the SIJ fusion implants 
are typically of a larger diameter than other pelvic fixation 
options such as iliac bolts. Any increase in the diameter 
of an implant placed through the sacrum will increase 
the volume of marrow displacement to the power of two 
(cylinder volume = πr2h). Thus, the larger SIJ fusion devices 
may inherently carry a higher risk of emboli. Additionally, 
in our technique, the device is placed through the sacral 
ala into the posterior ilium, two regions of bone that have 
a relatively high ratio of bone marrow (23). Placing the 
implant in this area may thus run the risk of displacing 
fat and marrow globules into the venous circulation. 
When performed for primary SIJ fusion, the implant is 
placed from the ilium into the sacrum. In our cases, the 
implant was placed from sacrum into the ilium as part of 
our spino-pelvic fixation. While this may theoretically 
lead to an increased volume of the sacral marrow being 
disturbed in comparison to a primary SIJ fusion technique, 
there is currently no literature quantifying sacral-volume 
replacement differences between the two techniques. This 
could be an interesting area of future research. Another 
consideration is given the higher density of cortical bone 
within the ilium, implant placement through the ilium 
could possibly lead to higher intramedullary pressures than 
placement through the sacrum, which we believe could 
increase risk of emboli at this location. If so, then implant 
placement via either direction previously discussed would 
carry a risk of emboli. Lastly, it is possible that DBM 
particulate embolized to the lungs in these cases, similar to 
what was seen in the report from Morimoto where necrotic 
bone fragments were found embolized to the lung and 
other organs at autopsy (9). However, this was only used in 
the triangular implant, not in the 3D-printed screws used in 
case one.

For now, this complication seems to be rare, and should 
likely not dissuade the spine surgeon from use of the 
devices in the appropriate setting. However, we suggest 
that a discussion between the surgical and anesthesia 
teams prior to implantation of the device may help prevent 
complications. Ensuring that the patient’s hemodynamic 
status is optimized may be of benefit. Additionally, for any 
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patients undergoing spinal surgery with intraoperative 
permissive hypotension, a brief increase in the patient’s 
blood pressure prior to implantation of the device may be 
considered. Lastly, as is seen in total joint arthroplasty, an 
additional irrigation step of the implant corridor may help 
decrease risk of embolism (15).

Conclusions

For pat ients  undergoing lumbosacra l  fus ion for 
degenerative scoliosis or other disorders of the lumbar 
spine, SIJ fusion is typically indicated when pre-existing 
SIJ dysfunction is present. Multiple options exist for fusion 
techniques and devices, including 3D-printed titanium 
implants. We report the first two known incidences of 
fat embolism syndrome associated with implantation of a 
SIJ titanium fusion device. The spine surgeon should be 
aware of this rare but potentially fatal complication and 
may consider intraoperative measures in coordination with 
their anesthesia team or additional irrigation of the implant 
corridor to help prevent disastrous outcomes.
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