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INTRODUCTION
The use of bone cement (BC), based on polymethyl 
methacrylate, is widely adopted in orthopedic practice for 
procedures such as fracture repair and joint arthroplasty. 
Bone cement facilitates the stabilization and reinforcement 
of the fracture site, thereby promoting bone healing and 
functional recovery [1]. Despite the favorable physical 
properties of BC and its undeniable benefits in orthopedic 
reconstructive surgery, its use has been associated with a 
number of complications that may lead to sudden clinical 
deterioration and even death [2-5].

One of the most severe complications related 
to bone cement use is Bone Cement Implantation 
Syndrome — a critical and potentially life-threatening 
condition that typically occurs during cementation 
and is characterized by a constellation of clinical 
features, including hypotension, hypoxemia, cardiac 
arrhythmias, elevated pulmonary vascular resistance, 
and, in some cases, cardiac arrest. BCIS usually manifests 
shortly after cement injection but may also occur in 
the early postoperative period. The pathophysiology 
is primarily attributed to the exothermic nature of 
the cementing process, which leads to local tissue 
injury, histamine and prostaglandin release, and the 

formation of microemboli. These events trigger a 
systemic inflammatory response that may culminate 
in respiratory and cardiovascular failure [1,2,6].

BCIS most frequently occurs during hip arthroplasty 
and is closely associated with increased intramedullary 
pressure following cement injection. However, cases 
have also been reported during knee and shoulder 
arthroplasty [7,8].

To assess the severity of BCIS, the grading system 
proposed by Donaldson et al. is commonly used, which is 
based on hemodynamic and oxygenation parameters [2]:

Grade 1: Oxygen saturation (SpO₂) < 94% or >20% 
decrease in systolic blood pressure (SBP);

Grade 2: SpO₂ < 88%, >40% decrease in SBP, or sudden 
loss of consciousness;

Grade 3: Cardiovascular collapse requiring cardiopul-
monary resuscitation.

As for the incidence of BCIS in pediatric patients, only 
a few isolated reports have been published to date 
regarding this serious complication [9,10]. We report a 
clinical case of BCIS in a 16-year-old male patient that 
occurred intraoperatively and continued into the early 
postoperative period following orthopedic surgery 
involving the use of bone cement.
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CASE REPORT
A 16-year-old male pediatric patient with a body mass 
index (BMI) of 31 presented without significant co-
morbidities. He was classified as American Society of 
Anesthesiologists (ASA) Physical Status II. The patient 
was scheduled for the first stage of surgical treatment 
using the induced membrane technique (Masquelet 
technique) to manage a large segmental defect of the 
femoral shaft.

The patient’s history was notable for a high-energy 
road traffic accident that resulted in an open fracture 
of the femur with substantial bone loss (Fig. 1). Emer-
gency surgical management was performed, consisting 
of metal osteosynthesis of the femoral fragments and 
application of an external fixation device (Fig. 2). Due 

to delayed bone healing and insufficient incorporation 
of the autologous bone graft, the first stage of the 
Masquelet technique was carried out as part of a staged 
reconstructive approach (Fig. 3).

Course of Anesthesia: anesthesia was induced 
with intravenous propofol, fentanyl, and atracurium. 
Endotracheal intubation was performed, followed by 
mechanical ventilation in pressure-controlled mode 
(PCV) with the following parameters: FiO₂ 50%, peak 
inspiratory pressure (PIP) 12 cm H₂O, positive end-
expiratory pressure (PEEP) 4 cm H₂O, respiratory rate 
(RR) 15 breaths/min, inspiratory-to-expiratory ratio (I:E) 
1:2, and tidal volume (TV) 570 mL. An epidural catheter 
was inserted at the L2–L3 level. Epidural anesthesia 
was achieved with 20 mL of 0.25% bupivacaine. 
Anesthesia was maintained with a continuous propofol 
infusion at 6 mg/kg/h in combination with epidural 
anesthesia and intermittent boluses of fentanyl 
for analgesic augmentation. Tranexamic acid (1 g) 
was administered intraoperatively to reduce blood 
loss. Antibiotic prophylaxis was given to prevent 

 

Fig. 1. Initial segmental femoral bone defect following trauma 
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Fig. 2. External fixation and metal osteosynthesis of the femoral fragments 
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surgical site infections. Intravenous fluid therapy 
was performed using balanced crystalloids, titrated 
according to physiological requirements and estimated 
intraoperative fluid and blood loss.

Intraoperative Monitoring and Complication:  vital 
signs remained stable until the use of bone cement. 
Baseline monitoring parameters included: SpO₂ 
97–98%, end-tidal CO₂ (EtCO₂) 40–44 mmHg, heart 
rate (HR) 68–77 bpm, blood pressure (BP) 135/78 
mmHg, mean arterial pressure (MAP) 95 mmHg, and 

core temperature 36.3°C. At  the third hour of surgery, 
shortly after bone cement application, the patient 
experienced an abrupt hemodynamic deterioration 
consistent with bone cement implantation syndrome: 
BP dropped to 62/34 mmHg (MAP 43 mmHg), HR 
increased to 115 bpm, and EtCO₂ decreased to 
26 mmHg. A 500 mL bolus of Ringer’s lactate was 
administered, resulting in partial hemodynamic 
improvement: BP 90/55 mmHg, MAP 66 mmHg. 
However, hypotension persisted (BP 84/52 mmHg, 
MAP 62 mmHg). The propofol infusion was reduced 
to 4 mg/kg/h, and intermittent ketamine boluses (100 
mg every 30 minutes) were initiated. A norepinephrine 
infusion was started at 0.1 µg/kg/min. Blood pressure 
stabilized in the range of 92/63 to 98/65 mmHg. The 
total duration of MAP < 60 mmHg was approximately 
27 minutes.

By the end of the surgery, the patient was 
hemodynamically stable with the following parameters: 
SpO₂ 97–98%, EtCO₂ 40 mmHg, HR 87 bpm, BP 105/68 
mmHg, MAP 79 mmHg, and temperature 36.1°C. The 
patient was extubated in the operating room and 
transferred to the pediatric intensive care unit (PICU). 
Total intraoperative fluid administered: 4300 mL over 
7 hours. Estimated blood loss: ~1600 mL. Packed red 
blood cell (PRBC) transfusion: 1300 mL

Postoperative Period: upon admission to the PICU, 
the patient developed recurrent hypotension: BP 
55/35 mmHg, MAP 39 mmHg, SpO₂ dropped to 
88–90%, HR increased to 115 bpm. Norepinephrine 
was increased to 0.15 µg/kg/min, and supplemental 
oxygen (10 L/min) was administered via face mask. 
Hemodynamic stabilization occurred within 2 hours. 
Norepinephrine infusion was continued for a total 
duration of 14 hours and then discontinued. Oxygen 
therapy was ceased 12 hours postoperatively. On 
postoperative day 1, the patient exhibited oliguria 
(urine output 0.36 mL/kg/h) and laboratory findings 
consistent with acute kidney injury (AKI). Additionally, 
there were significantly elevated levels of AST, ALT, and 
creatine kinase (CK). Postoperative laboratory results 
are summarized in Table 1.

Over the following three days, the patient maintained 
stable hemodynamic and respiratory parameters, 
and urine output returned to normal. A regression of 
renal insufficiency was observed, along with a decline 
in serum levels of creatine kinase, AST, and ALT. On 
postoperative day five, the patient was transferred 
from the intensive care unit to the general ward in a 
satisfactory condition.

To date, complications associated with the use of 
bone cement are well-documented in the literature. 
Although the first report of bone cement implantation 

 

Fig. 3. First stage of reconstruction using the Masquelet technique 
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pressure that occurs during cement insertion [1,6]. In 
contrast, the Masquelet technique does not involve 
increased intramedullary pressure, as the cement 
spacer is implanted into a bone defect. Its primary 
purpose is to induce and maintain a biological mem-
brane that facilitates subsequent bone regeneration 
[14,15].

In the presented case, the acute clinical deterioration 
following cement application was likely triggered by the 
exothermic reaction of PMMA affecting adjacent tissues, 
resulting in the release of histamine, prostaglandins, 
and other systemic inflammatory mediators, which led 
to hypotension. Of particular concern was the recurrent 
episode of hypotension in the postoperative period, 
suggestive of a prolonged systemic inflammatory re-
sponse to PMMA.

Also noteworthy was the marked elevation in creatine 
kinase levels, which may indicate secondary skeletal 
muscle injury due to the thermal effect of PMMA and 
cytokine cascade activation. Several clinical and ex-
perimental studies have reported similar elevations in 
CK, ALT, and AST following bone cement use [16,17]. 
Alternatively, these laboratory abnormalities may 
have been partially attributable to surgical trauma and 
transient hypoperfusion of muscle tissue during the 
intraoperative period [18,19].

The development of acute kidney injury (AKI) in the 
early postoperative period was likely a consequence 

syndrome (BCIS) was published by Powell J.N et al. 
in 1970, there remains considerable variation in the 
reported incidence and associated mortality. This is 
primarily due to the lack of a standardized diagnostic 
approach and limited clinical awareness. Furthermore, 
in earlier studies, BCIS was often misclassified as pul-
monary embolism [1,11].

The wide variability in BCIS incidence also stems 
from the heterogeneity of clinical presentations, which 
depends on the severity of the syndrome, as described 
by Donaldson A,J et al. [2]. Reported incidence rates of 
BCIS in the literature range from 28% to 61.5%, largely 
due to the absence of a universally accepted definition 
[12,13]. In a study by Weingärtner K involving 208 pa-
tients, 77 (37.0%) developed BCIS. Of these, 53 (25.5%) 
had Grade I, 17 (8.2%) had Grade II, and 7 (3.4%) had 
Grade III BCIS [6].

Several theories have been proposed to explain the 
pathogenesis of BCIS, including embolic, allergic, and 
toxic responses to polymethylmethacrylate. However, 
none of these hypotheses fully accounts for the com-
plex and varied clinical manifestations of BCIS, which 
are more likely to arise from a multifactorial interaction 
of these mechanisms [1].

BCIS is most commonly associated with cemented 
arthroplasty procedures of the hip and knee joints, 
and less frequently with shoulder arthroplasty. Many 
authors attribute this to the elevated intramedullary 

Table 1. Laboratory values during the postoperative period

Parameter (Reference range)
Postoperative time (h)

12 24 36 48 60 72 96 120

Urea 
(2.5–8 mmol/L) 9 8.37 7.8 7.1 7.5

Cr 
(62–115 µmol/L) 227 243 146 127 115

 K+ 
(3.5–5.0 mmol/L) 5.2 4.3 4.5 4.8 3.8 4.2

AST (0–47 U/L) 599 507 234 144

ALT (0–37 U/L) 135 132 123 115

CK (<270 U/L) 32628 12838

CRP (<5 mg/L) 145 150 28

Ph (7,35-7,45) 7.24 7.33 7.4

PaO₂ 
(80–100 mmHg) 59 88 101

PaCO₂ 
(35–45 mmHg) 34 37 37

BE
 N (±2 mmol/L) -11 -5 -3

APTT (25–35 s) 47 50 46 45 39 41

INR (0.8–1.2) 1.4 1.5 1.3 1.3 1.0 1.1

Source: compiled by the authors of this study
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CONCLUSIONS
Bone cement implantation syndrome is a multifac-
torial complication most frequently encountered in 
elderly patients undergoing cemented hip arthro-
plasty. Its occurrence in pediatric patients is excep-
tional. Nevertheless, even rare complications such 
as BCIS in children warrant further investigation and 
the development of safety guidelines to improve 
perioperative outcomes.

of transient hemodynamic instability. Fortunately, it 
resolved rapidly following the restoration of effective 
circulation.

This case of BCIS in a pediatric patient undergoing 
orthopedic surgery using the Masquelet technique 
is exceedingly rare in our experience. This may be ex-
plained by the generally lower prevalence of comorbid 
risk factors and the superior hemodynamic compensa-
tory capacity in children compared to adult patients.
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