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Abstract

Vertebral augmentation (VA), particularly percutaneous vertebroplasty and
kyphoplasty, is widely used for painful osteoporotic vertebral compression
fractures and selected neoplastic lesions. While these procedures provide
rapid pain relief and functional improvement, they carry a distinct spectrum
of complications that require structured prevention, early recognition,
and timely management. This chapter summarizes recent literature on VA
from 2020-2025 and integrates it into a pragmatic, complication-focused
framework. Patient selection and timing are reviewed with an emphasis on
imaging—pain concordance, fracture acuity, and competing surgical options.
Peri-procedural workflow is detailed, including positioning, local anesthesia
with light sedation, and the growing role of erector spinae plane blocks
to reduce opioid requirements in frail patients. Technical sections address
uni- versus bipedicular access, cement viscosity, vertebral venography and
unsubtracted roadmap techniques, and radiation hygiene. Major complication
domains are then discussed: needle- and trajectory-related vascular, pleural
and neural injuries; cement-injection—related events such as intradiscal,
anterior/lateral and posterior epidural leakage; venous run-off leading to
pulmonary and cardiac cement embolism; infectious sequelae including
discitis, osteomyelitis and epidural abscess; and index- and adjacent-level
fractures driven by cement distribution and bone quality. For each domain,
the chapter provides checklists and algorithms for intra- and post-procedural
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triage, imaging, and definitive management, alongside a follow-up pathway
that couples symptom surveillance with osteoporosis and fracture-risk
stewardship. When performed with meticulous technique, evidence-based
analgesia, and proactive complication management, VA remains a safe and
effective option in appropriately selected patients.

1. PATIENT SELECTION AND INDICATIONS

Vertebral augmentation (VA) is considered for acute or subacute painful
osteoporotic vertebral compression fractures (OVCFs) with imaging—
pain concordance after a trial of optimized conservative therapy; selected
neoplastic pathologies with mechanical pain also benefit. High-quality
summaries emphasize individualized decision-making that balances
analgesia and function against procedural risks [1]. Guideline frameworks
and meta-analyses suggest comparable pain relief between posterior
vertebroplasty (PVP) and posterior kyphoplasty (PKP), with differences
in cost, height restoration, and cement leakage profiles [2]. Unipedicular
approaches can reduce operative time and radiation exposure compared
with bipedicular access without compromising outcomes in many OVCFs;
however, bipedicular access remains valuable when midline crossing, height
restoration, or cement distribution is suboptimal [5].

Clinical pearls & pitfalls — Indications

Confirm fracture acuity and pain concordance (STIR hyperintense edema; focal
percussion pain).

Evaluate posterior wall compromise, canal stenosis, or retropulsion pre
procedure.

PKP should be considered when height restoration/kyphosis correction is
prioritized; PVP should be considered for cost and speed.

Severe cardiopulmonary disease favors local anesthesia and light sedation
strategies.

2. PERI-PROCEDURAL WORKFLOW

2.1. Patient Positioning (Prone) and Anesthesia Strategies

Prone positioning with neutral abdominal pressure optimizes venous
return and improves fluoroscopic visualization. Most VA procedures can be
performed under local anesthesia and light intravenous sedation. Regional
techniques (e.g., erector spinae plane block) are increasingly used to improve
comfort in frail patients and may reduce opioid exposure [6-9,13]. General
anesthesia is reserved for select cases (e.g., severe anxiety and prolonged
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multilevel work), acknowledging airway and cardiopulmonary risks in the
prone position [11].

Checklist — Pre-procedure safety

O Consent includes leakage/embolism, neural injury, infection, adjacent level fracture
O Review anticoagulation/antiplatelets; correct coagulopathy

O Screen for contrast allergy; have non-ionic/alternative plan

O Prone positioning with chest/pelvic bolsters; protect pressure points; padding for
eyes

O Baseline neuro exam and pain map documented

O Antibiotic prophylaxis per institutional policy

2.2. Access and Technical Pearls (Unipedicular/Bipedicular;
Cement Choice/Viscosity; Vertebrography)

Access: Unipedicular transpedicular access suffices for most thoracolumbar
OVCFs; switch to bipedicular access when midline crossing is inadequate or
distribution is uneven [5].

Cement and viscosity: High-viscosity PMMA reduces overall leakage rates
compared to low-viscosity formulations, with similar disability outcomes
and small pain advantages in some analyses [3,4].

Injection: Continuous biplanar fluoroscopy is used; injection is performed
during the doughy phase at low pressure with frequent pauses.

Vertebrography/venography: Historical venography shows limited
predictive value for leakage and may obscure cement visualization; selective
use or unsubtracted roadmap alternatives are reasonable [30-32].

Clinical pearls & pitfalls — Access & cement handling

Target the anterior third of the vertebral body on the lateral view and stay
within the pedicle walls on the AP view.

Stop rules: halting injection if cement approaches posterior third, epidural veins,
foramina, or disc space.

Vertebral body lavage should be considered, and volume should be limited to
reduce pressure and leakage risk.

Prefer high-viscosity cement and avoid injection during very low-viscosity
phases.
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3. COMPLICATIONS AND MANAGEMENT

3.1. Allergy or Hypersensitivity to Bone Cement (PMMA)

True allergy to PMMA or initiators (e.g., benzoyl peroxide, N,
N-dimethyl-p-toluidine) is rare but has been reported, mostly in the
arthroplasty literature. Pre-existing severe contact allergy or prior implant
reactions warrant pre-procedure dermatology/immunology input and
patch testing. If intra- or post-procedure anaphylaxis is suspected (rash,
hypotension, bronchospasm), manage as peri-anesthetic anaphylaxis, avoid
re-exposure, and consider alternative materials or non-cement stabilization
strategies [16,17].

Algorithm 1 — Suspected cement hypersensitivity
1) Stop the infusion/injection, call for help, and secure the airway/IV access.

2) Treat as anaphylaxis according to protocol (IM epinephrine, antihistamine,
corticosteroid, fluids).

3) Send tryptase within 1-2 h and document the products used (cement brand,
additives, and antibiotics).

4) Post-event referral for patch/lymphocyte Transformation Test (LTT) and planning
future avoidance.

3.2. Technical/Needle-Related Complications

3.2.1. Intraprocedural fracture mobilization/retropulsion

Sudden pain, a change in the fluoroscopic silhouette, or posterior wall
movement suggests mobilization. Inflation/injection is stopped, biplanar
views are reassessed, and augmentation is aborted if canal compromise is
imminent. Decompression/fusion is reserved for symptomatic retropulsion
cases.

3.2.2. Neural injury during guide/needle placement

Pedicle breach and foraminal violation risk radicular or cord injuries. The
Jamshidi trajectory should be central to the AP view and below the pedicle
roof on the lateral view. Neuromonitoring can be considered in patients with
complex anatomy. Immediate new deficits warrant CT and neurosurgical
procedures. Additionally, it is important to avoid deep sedation in order to
monitor the development of deficits. Corticosteroid treatment should be
initiated in the event of deficits.
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3.2.3. Anterior cortical breach with injury

Anterior cortical violation at thoracic or lumbar levels can injure

segmental/intercostal arteries, the aorta (especially left-sided thoracic—upper

lumbar), iliac veins/IVC (mid-lower lumbar), or produce retroperitoneal/

psoas hematoma through muscular or venous injury. The risk is amplified by

over-advancement of the cannula beyond the anterior cortex, oblique/lateral

trajectories, severe osteoporotic collapse that distorts landmarks, and low-

resistance cancellous “run-through” when switching instruments. Balloon

augmentation near a deficient anterior wall can also propagate micro-tears
into adjacent vascular planes [21-24].

Checklist — Needle & trajectory safety

Plan pedicle entry on CT; recognize small/rotated pedicles
Advance under true biplanar fluoroscopy; avoid oblique illusions.

Confirm tip within medial pedicle wall before crossing posterior cortex.

Abort if uncontrolled pain, paresthesia, or unexpected resistance

Immediate red flags:

Sudden hypotension, tachycardia, pallor, diaphoresis.

New pleuritic chest pain or dyspnea (hemothorax), or abdominal/
flank/groin pain with retroperitoneal fullness (psoas/retroperitoneal
bleed).

Rapid hemoglobin drop or escalating analgesic requirement.

Any of the above — Treat as active hemorrhage until proven otherwise
[21-24].

First actions (on table):

Stop instrumentation/injection; maintain cannula position to avoid
worsening the laceration.

Activate hemorrhage protocol: two large-bore IVs, cross-match,
balanced transfusion (PRBC/FFP/platelets), permissive hypotension
if appropriate.

Reverse anticoagulation where indicated (vitamin K, PCC/FFD,
platelet transfusion).

Point-of-care ultrasound: quick screen for hemothorax/large effusion;
look for retroperitoneal free fluid if feasible.

Prepare for expedited CT angiography (CTA) and alert vascular
surgery/interventional radiology (IR) early [21-24].
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Imaging/triage:

CTA chest/abdomen/pelvis (arterial + venous phases) is the diagnostic
workhorse: defines the bleeding source (segmental/intercostal vs
aortic or iliac venous injury), trajectory, hematoma extent, and active
extravasation.

Unstable patient with strong clinical suspicion — direct to IR or OR
for damage-control endovascular or surgical hemostasis, with imaging
deferred or limited to targeted views as logistics allow [21-24].

Definitive management options:

Segmental/intercostal arterial injury:
o Selective catheterization with coil or plug embolization is first-line.

o When the defect is larger or near the origin, covered stent can
preserve flow while excluding the injury.

o During thoracolumbar work, be mindful of spinal cord perfusion
(artery of Adamkiewicz)—use super-selective embolization and
document levels treated; perform frequent neuro-checks post-
procedure [21-24].

Aortic injury (rare): If contained tear or focal laceration 1s identitfied,
thoracic endovascular aortic repair (TEVAR) provides rapid control,
massive, uncontained hemorrhage may require hybrid or open repair
depending on resources [21-24].

Iliac vein/IVC injury: Balloon tamponade (occlusion balloon) to
stabilize, followed by covered-stent reconstruction when anatomy
permits; otherwise open venous repair if endovascular options fail.
Correct coagulopathy and maintain normothermia/ionized calcium
tor clot function [21-24].

Psoas/retroperitoneal hematoma:

o Many are venous/low-pressure and respond to resuscitation,
reversal of anticoagulation, analgesia, and monitored observation.

o Ongoing expansion, femoral neuropathy, or active arterial blush
on CTA — targeted IR embolization; compartment syndrome is
rare but mandates surgical evaluation [21-24].

Hemothorax from intercostal injury: Insert large-bore chest drain;
persistent hemorrhage — intercostal/segmental artery embolization
or VATS for control and evacuation [21-24].
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Post-event care & surveillance:

* ICU/step-down monitoring with hemodynamics and Hb/hematocrit
checks (e.g., q6-8 hours initially).

* Consider repeat CTA (2448 h) for high-risk arterial repairs or large

hematomas to confirm stability.

* Start/restore VTE prophylaxis when hemostasis is secure; if a covered
stent was used, follow local antiplatelet protocols.

* After intercostal/segmental embolization, perform scheduled
neurological assessments for early signs of spinal cord ischemia
(motor/sensory changes).

* Document cement brand/lot, volumes, exact levels, and embolized
segments, with a brief morbidity review for learning points [21-24].

At thoracic levels, lateral or anterior cortical breaches may injure pleura/
lung or intercostal-segmental vessels, leading to pneumothorax, hemothorax,
or hemopneumothorax; rapid, multidisciplinary management is required
[41-44]. Cement may also track along venous/arterial pathways and
precipitate hemorrhagic or embolic sequelae in select cases [43,44]. Over-
advancement beyond the anterior cortex or lateral wall violations in upper
thoracic vertebrae increase pleural/pulmonary injury risk; high-pressure
injection or venous egress can worsen extraosseous spread [41,43,44].

Clinical presentation: Sudden pleuritic chest pain, dyspnea, desaturation,
tachycardia, and reduced breath sounds should trigger immediate evaluation;
hemodynamic instability mandates prompt resuscitation [41,42].

Diagnostic  approach:  Point-of-care  ultrasound (absent lung
sliding/“barcode” sign) offers rapid bedside confirmation of pneumothorax;
portable/upright chest radiography supports confirmation and quantification.
Suspected vascular injury or active bleeding warrants CT angiography to
assess intercostal/segmental arteries [41,42,44].

Management:

* Pneumothorax: Stable/small — observation with Oz; symptomatic or
larger — needle aspiration or intercostal chest tube; persistent air leak
— thoracic surgery (VATS/pleurodesis) per BTS 2023 [41,45].

* Hemothorax/hemopneumothorax: ~ Chest drain  (institutional
standard; =24F acceptable), resuscitation; retained hemothorax or
ongoing bleeding — early VATS (24-72 h) and/or endovascular
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embolization (intercostal/segmental artery) in line with EAST
recommendations and case experience [42-44].

* Massive hemothorax/hemodynamic instability: Emergency thoracic/
vascular surgery and/or IR intervention [42,44].

Prevention (technical pearls)

Pre-op CT planning of anterior cortex depth and pedicle trajectory at each level;
beware rotational deformity.

Use true AP and lateral views (avoid obliquity); advance incrementally, feeling
for cortical resistance—do not “punch through.”

Consider depth-limit devices/stop rings on drills/reamers.

If the patient (under local/sedation) reports sudden deep/visceral pain, pause
and re-image.

3.3. Cement-Injection-Related Complications

3.3.1. Intradiscal leakage

Mechanism & risk factors: Endplate fissuring, intravertebral cleft, severe
vertebral collapse, low-viscosity cement, higher injection pressures, larger fill
volumes and delayed timing are associated with intradiscal tracking [25-28].

Clinical significance. Intradiscal cement elevates stress at adjacent
endplates and has been linked to a higher incidence of adjacent vertebral
tractures (AVF) in observational series and biomechanical models [25-28].

Intra-procedural recognition. Linear opacification crossing the endplate
toward the disc or a fan-shaped spread along the disc plane on lateral
fluoroscopy.

Management (during the case): Stop injection immediately when cement
approaches the endplate/disc. Allow cement to thicken (higher viscosity), re-
orient the cannula to a more central trabecular path, and resume with small,
intermittent aliquots only if safe. If leakage has occurred, avoid further
contact with the involved endplate; target a more central distribution.

Post-procedure strategy: Educate patients about AVF symptoms (new
focal pain above/below the treated level); use targeted radiographs/CT if
symptoms develop. Consider short-term external bracing in high-risk
morphologies. Prioritize bone-health optimization (calcium/vitamin D
sufficiency; anti-resorptive or anabolic therapy per risk) to mitigate AVF risk
[25-28].
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Prevention: Maintain =3-5 mm clearance from endplates. Prefer higher-
viscosity cement; lowpressure, staged injections with continuous lateral
view. Terminate immediately at the first sign of discal tracking [25-28].

3.3.2. Anterior/lateral leakage

Typically, asymptomatic. Reduce injection pressure, pause, and allow
polymerization; reposition the cannula if necessary. Persistent extravertebral
pooling near vessels warrants cessation and post-procedure observation.

Mechanism & typical course: Extra-periosteal anterior/lateral pooling
is often clinically silent and limited once polymerization occurs. Clinical
relevance increases near pleura/lung (thoracic) or retroperitoneal vessels/
viscera (lumbar).

Early detection. On lateral fluoroscopy, look for crescent/“pooling”
of cement outside cortex. Patients may report localized heat or burning,
suggesting superficial thermal irritation.

Management: Pause injection, allow viscosity to rise, and re-direct
the cannula along a safer central trabecular path. Superficial/soft-tissue
pooling; conservative care (cooling packs, analgesics) typically suftices. If
spread approaches major vessels/pleura, stop the procedure; perform post-
procedure targeted imaging and observe clinically. Escalate to vascular/IR or
thoracic consultation if symptoms evolve.

Stop thresholds: Worsening extraosseous pooling, encroachment
on pleura/vascular structures, or inability to achieve safe intravertebral
distribution — terminate the injection. Avoid the temptation to “seal the
leak” by adding more cement under pressure.

Prevention: Keep the needle tip central and anterior within the vertebral
body; avoid hugging the cortex. Use low-pressure, intermittent injections
with continuous lateral monitoring; reposition at the first hint of extra-
periosteal spread.

3.3.3. Posterior (spinal canal) leakage

Why it matters. Posterior/epidural leakage can compress neural elements;
risk rises with posterior wall defects, low-viscosity boluses, high-pressure
injection, and injections performed near the posterior third of the body [29].

Emergency triage:

-Immediate stop of injection for any new motor deficit, rapidly progressive
radicular pain, saddle anesthesia, or sphincter disturbance.
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-Consider high-dose corticosteroids (as a short bridge if not
contraindicated), then obtain urgent MRI/CT to define the extent/location
of cement [29].

It imaging confirms compressive cement with concordant neurological
deficit — early decompression with foreign-body removal under microscopy
(ultrasonic tool or high-speed burr may assist), plus hemostasis and neural
decompression [29]. Small, non-compressive, asymptomatic epidural
deposits — close observation with a low threshold for re-imaging if symptoms
evolve; routine steroids are not mandatory in stable, asymptomatic cases.

Peri-operative details to document: Level(s), needle trajectory, cement
brand/lot, total volume, and an estimate of epidural burden/consistency; this
supports shared decision-making and quality review.

Prevention: Keep the working tip anterior to the pedicle midpoint on
lateral view and avoid posterior third injection. Inject during the doughy
(higher-viscosity) phase with small aliquots under continuous lateral
fluoroscopy. Abort if epidural venous opacification or posterior tracking is

seen [29].

Discharge & follow-up: Record a thorough neurological exam at
discharge; schedule early clinical review. Re-image promptly for recurrent/
worsening pain or new deficits.

3.3.4. Venous leakage — pulmonary cement embolism (PCE;
venous pathways)

Cement can enter basivertebral and epidural veins, then the azygos/
hemiazygos/segmental systems to the right heart and pulmonary arteries.
Asymptomatic PCE is not uncommon on screening radiography/CT;
most cases are observed, while symptomatic or large burden may merit
anticoagulation and, rarely, percutaneous or surgical retrieval [10,25,33-36].

Algorithm 2 — Suspected pulmonary cement embolism (PCE)

*  Immediate: O2, ECG/SpO2, vitals; obtain chest X-ray.
*  If symptomatic or hypoxic, get CT pulmonary angiography.
e Risk-stratify: small/asymptomatic — observation;
§  symptomatic/segmental-central burden — consider
anticoagulation if no bleeding risk,
§  massive/intracardiac burden or valve entrapment — urgent
interventional radiology/cardiothoracic consult for retrieval.
*  Report and counsel: discuss recurrence prevention (higher viscosity, slower
injection, limit volume, vertebral lavage).
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4. POST-OPERATIVE COMPLICATIONS

4.1. Injury to Soft Tissues Involved in Access (Paraspinal Muscles)

Local myofascial pain is frequent but self-limited; manage with ice/heat,
short NSAID course (if safe), and early mobilization. Ultrasound-guided
trigger-point injections or ESP blocks are options for refractory cases.

4.2. Infection (Discitis, Osteomyelitis, Paravertebral/Epidural
Abscess; Systemic Infection)

Post-VA infection is rare (< 1% in large series) but potentially devastating.
Risk factors include diabetes, immunosuppression, prior spondylitis, and
breaches into disc space. Work-up includes CBC, CRP/ESR, MRI with
contrast, and—when feasible—CT-guided aspiration for culture. Begin
pathogen-directed IV antibiotics; failure of medical therapy or neurologic
compromise warrants debridement and, if needed, reconstruction [12,37-

39].

Algorithm 3 — Work-up and management of suspected post-VA infection
1) Labs: CBC, CRP/ESR; blood cultures if febrile.
2) MRI with contrast (look for discitis/osteomyelitis, epidural/paravertebral abscess).

3) Image-guided aspiration/biopsy prior to antibiotics when stable; if unstable, start
broad IV therapy then tailor.

4) Surgical consult: indications include neurologic deficit, instability/deformity,
abscess not amenable to percutaneous drainage, or failure of IV therapy.

5) Duration: typically 6-12 weeks total IV/PO based on organism and response.

4.3. Index-Level Pedicle/Vertebral Issues and Adjacent-Level
Fractures

Pedicle fractures or instrument-related pain after VA are uncommon; treat
symptomatically and evaluate for occult fracture. Adjacent-level fractures
remain a clinical concern. Contemporary evidence suggests risk is driven by
osteoporosis severity, cement distribution, and intradiscal leakage; optimize
anti-osteoporotic therapy and avoid endplate/disc contact during injection
[5,25-28].

5.FOLLOW-UP PATHWAY (CLINICAL, IMAGING, AND
BONE-HEALTH STEWARDSHIP)

Early (2-6 weeks): pain/function check, wound review, and red-flag
screening (fever, new neuro deficit, dyspnea). Imaging if new/worsening
pain or neurologic symptoms.
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Bone-health: ensure calcium/vitamin D sufficiency; start anti-resorptive or
anabolic therapy per fracture risk (e.g., NOGG framework); fall-prevention
and sarcopenia screening [40].

Longitudinal (3-12 months): DXA if no recent assessment; monitor
adherence and evaluate for new fractures.

Checklist — Follow-up essentials

O Pain/function (VAS/ODI) and analgesic use

O New symptoms: radicular pain, dyspnea, fever, wound issues
O Plan for DXA/FRAX; start/optimize osteoporosis therapy

O Physiotherapy and falls clinic referral when indicated

O Educate about signs of PCE and infection

6. PRACTICAL RECOMMENDATIONS TO MAXIMIZE
COMFORT, REDUCE RADIATION, AND SHORTEN
PROCEDURE TIME

* Use unipedicular access when feasible; pre-plan entry on CT.
* Adopt consistent stop-rules and announce them to the team.

* High-viscosity cement; slow, intermittent injection under live biplanar
fluoroscopy.

* Radiation hygiene: tight collimation, pulse fluoroscopy, low-dose
settings, last-image hold; lead glasses/thyroid shields for staft; avoid
hands in beam.

* Analgesia protocol (local infiltration = ESP block) to minimize
sedation.

* Prepare algorithm cards and checklists in the procedure room.
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MASTER CHECKLIST — VERTEBRAL AUGMENTATION SAFETY &
EFFICIENCY

Pre-procedure

OConfirm fracture acuity and pain-imaging concordance (STIR edema; focal
percussion).

O Exclude active infection; review temperature, labs, and any prior spondylitis/discitis.

O Neurologic exam: rule out cord/cauda symptoms needing decompression rather
than augmentation.

O Coagulation plan: anticoagulants/antiplatelets reviewed; correct coagulopathy per
institutional policy.

O Medical optimization: glycemic control, cardiopulmonary assessment (prone
tolerance, OSA/COPD).

O Imaging plan: pre-op CT/MRI to assess posterior wall, endplates, clefts, venous
channels.

O Access plan: uni- vs bi-pedicular; target midline crossing; bailout strategy if
distribution is poor.

O Cement plan: high-viscosity PMMA; expected volume range; stop-rules declared
to team.

O Radiation plan: pulse rate, collimation, C-arm geometry, personal shielding,
last-image hold usage.

O Prophylaxis: antibiotics per policy; DVT prophylaxis if indicated; informed consent
completed.

Intra-procedural — Trajectory, Injection & Radiation

O Positioning: abdomen free; chest/pelvic bolsters; eyes/pressure points protected;
lines secured.

[0 Time-out: correct level confirmed on AP/true lateral; instrument and cement brand
recorded.

O Trajectory: stay within pedicle walls (AP); below pedicle roof (lateral); confirm
before cortical crossing.

O Test run: optional vertebrography or careful trial injection; abort if early epidural/
venous opacification.

O Injection: doughy phase; small aliquots; continuous lateral view; frequent pauses.
O Stop-rules: halt if cement approaches posterior third, foramina, or disc space.

O Leak management: pause to allow polymerization; reposition cannula; do not ‘push
through’.

O Radiation hygiene: plan shots; minimize magnification; keep detector close/tube
far; document DAP/fluoro time.
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Focused Algorithm — Suspected Pulmonary Cement Embolism

O If venous run-off seen: stop, reassess needle, consider waiting for viscosity increase
or redirecting.

O If respiratory symptoms: O2, vitals, ECG; CXR; escalate to CTPA if indicated.

O Small/asymptomatic PCE: observation; consider anticoagulation based on burden/
risk.

O Symptomatic/central PCE: anticoagulation unless contraindicated; consult IR/
cardiology for retrieval options.

O Massive/intracardiac: urgent cardiothoracic/IR intervention; advanced support as
needed.

Post-procedure & Discharge

O Immediate neuro check; document new pain/deficits; targeted imaging only if
symptoms.

O Puncture-site check; analgesia/antiemetics; early mobilization.

O Discharge red flags explained: fever, wound issues, new radicular pain/weakness,
dyspnea/pleuritic pain.

O Infection pathway if suspected: labs (CBC, CRP/ESR), MRI with contrast; blood
cultures; ID consult.

O Retropulsion/canal leak suspected: urgent MRI/CT; spine surgery consult for
decompression if symptomatic.

O Bone-health plan: Ca/Vit-D, anti-resorptive vs anabolic per risk; DXA/FRAX
scheduled; falls clinic referral.

O Follow-up timing: 2—6 weeks (clinical), 3-6 months (bone health/new fracture
screen).

O Documentation: level(s), approach, cement brand/lot & volume, viscosity/phase,
complications, DAP/fluoro time.
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