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Abstract: Bone Cement Implantation Syndrome (BCIS) is a potentially fatal perioperative complication characterized by hypoxia, hypotension, cardiac 
arrhythmias, and cardiac arrest. Reported incidences range from 28% to 37% globally. BCIS is classified by severity into Grade 1 (moderate hypoxia 

or hypotension), Grade 2 (severe hypoxia, severe hypotension, or unexpected loss of consciousness), and Grade 3 (cardiovascular collapse requiring 

cardiopulmonary resuscitation). Objective: To determine the incidence of Bone Cement Implantation Syndrome (BCIS), identify its severity grades, 

evaluate associated risk factors, and propose strategies to reduce morbidity and mortality in patients undergoing cemented hip and knee arthroplasty. 
Methods: This prospective cross-sectional study was conducted in the Orthopaedics Operation Theatres and the Department of Anaesthesia at Doctors 

Hospital and Medical Centre, Lahore, over six months, from September 2024 to February 2025, following approval from the College of Physicians 

and Surgeons, Pakistan. A total of 100 patients aged 20–80 years, classified as ASA I–IV, undergoing cemented total hip or knee arthroplasty under 

general, spinal, or combined spinal-epidural (CSE) anaesthesia were included through non-probability consecutive sampling. Patients with ASA >IV, 
chronic liver or kidney disease, acute kidney injury, carcinogenic states, or those refusing consent were excluded. The incidence and severity of BCIS 

were recorded intraoperatively based on established criteria. Data were analyzed using SPSS version 26, with descriptive statistics applied to determine 

incidence, distribution by anaesthesia type, and mortality rates. Results: Among 100 patients, 19 (19%) developed BCIS. Of these, 14 (73.6%) had 

Grade 1, 3 (15.6%) had Grade 2, and 2 (10%) had Grade 3 BCIS. The highest incidence occurred within 5–8 minutes after cementation. Regarding 
anaesthetic type, BCIS was observed in 5 (26.3%) patients under general anaesthesia, 8 (42.1%) under spinal anaesthesia, and 6 (31.5%) under 

combined spinal-epidural anaesthesia. Both Grade 3 cases occurred during hip arthroplasty in ASA-III patients, with a mortality rate of 100% in this 

group. Conclusion: Bone Cement Implantation Syndrome remains a critical cause of intraoperative morbidity and mortality in cemented arthroplasty 
procedures. Early recognition, vigilant perioperative monitoring, optimized pre-hydration, prophylactic use of low-dose epinephrine, and effective 

multidisciplinary coordination between surgical and anaesthetic teams can significantly reduce adverse outcomes. 
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Introduction 

Polymethyl methacrylate (PMMA) bone cement was introduced by Sir 

John Charnley in 1953. (1) It is currently being used in orthopaedic joint 

replacement surgeries. Cement decreases the rate of implant-related 

complications and postoperative pain, but at the same time, it is associated 
with complications like bone cement implantation syndrome (BCIS). (2) 

BCIS is a confluence of clinical features that includes hypoxia, 

hypotension, cardiac arrhythmias, and cardiac arrest, increasing the risks 

of intraoperative mortality and morbidity (3). The clinical features of 
BCIS typically occur during femoral reaming, acetabular or femoral 

cementation, prosthesis insertion, or joint reduction. BCIS has been 

classified according to its severity as follows: (1) Grade 1: moderate 

hypoxia (SpO2 <94%) or Hypotension (SBP >20%), Grade 2: severe 
hypoxia (SpO2 <88%) or hypotension (SBP fall >40%) or unexpected 

loss of consciousness, and Grade 3: cardiovascular collapse requiring 

CPR. 

Different models have been proposed to describe the pathophysiology of 
BCIS, including the vasodilatory effect of cement, the release of 

polymerization gases during the exothermic hardening reaction of 

cement, which can cause microembolism, and a histamine-mediated 

reaction to monomers. High intramedullary pressures, up to 1100 mmHg, 
are generated during the impaction of the cemented femoral stem. (2) 

Pulmonary artery flotation catheter and transoesophageal 
echocardiography should also be considered in high-risk patients. (1) 

Whenever BCIS happens, the cornerstone of therapy lies in providing 

prompt and effective supportive care and monitoring in the intensive care 

unit with the administration of 100% oxygen, central venous catheter 
placement for rapid delivery of inotropes, and invasive hemodynamic 

monitoring. (1) Hypotension should be treated on the lines of acute right 

ventricular (RV) failure. Fluid resuscitation to maintain the RV preload 

and inotropes to support ventricular contractility are recommended. Care 
should be taken to avoid overzealous fluid infusions, as it may cause an 

increased leftward shift of the interventricular septum, which would lead 

to a further drop in left ventricular output. Vasopressors, such as 

phenylephrine and noradrenaline, cause peripheral vasoconstriction, 
thereby increasing aortic blood pressure, which, in turn, supports 

coronary artery blood flow and improves myocardial perfusion and 

contractility (4). A protocol named 'Cement Curfew' was developed and 

implemented at various institutions to increase vigilance and reduce the 
incidence of BCIS (8).  

The incidence of BCIS is unknown, not only because of the wide range 

but also because of the ambiguity of symptoms (10). Different incidences 

reported in previous studies were: 28% in 1016 patients (2), 37% in 208 
patients (11), and 31% in 3294 patients (12). The rationale for this study 

is to determine the incidence of BCIS, better characterize BCIS, identify 
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risk factors for potentially fatal complications, and develop guidelines to 

further reduce mortality. 
Thus, the primary objective of the study was to determine the incidence 

of Bone cement implantation syndrome (BCIS) in patients undergoing 

Cemented Knee Replacement and Hip Arthroplasty procedures. 

Methodology  

This prospective cross-sectional study was conducted in the operating 

theatres of the Orthopaedics and the Department of Anaesthesia at 

Doctors Hospital and Medical Centre, Lahore, over 6 months, following 

approval of the synopsis by the College of Physicians and Surgeons of 
Pakistan from September 2024 to February 2025. The anticipated 

percentage frequency is set at 37% (11), and a sample size of 100 is 

calculated with a 95% confidence interval and a 10% margin of error. 

Non-probability consecutive sampling was used. The electrocardiogram 
monitor was used to detect the blood pressure, heart rate (HR), 

electrocardiogram (ECG), and pulse oxygen saturation (SPO2) in all 

patients. The monitored indicators included the systolic blood pressure 

(SBP), diastolic blood pressure (DBP), mean arterial pressure (MAP), 

HR, ECG, and SPO2. Patient were labelled as being suffered from BCIS, 

if any of the following changes had occurred around the time of bone 

cementation, prosthesis insertion, or reduction of joint: 1) systolic blood 

pressure (SBP) reduces more than 20%, 2) spO2 <94% on room air, 3) 
changes in mental status (GCS less than 15) and 4) arrhythmias on ECG.  

Inclusion Criteria include Age 20-80 years, ASA Classification I to IV, 

and Cemented Knee Replacement and hip arthroplasty surgeries under 

both general and spinal anaesthesia. 
Exclusion Criteria include ASA Classification >IV, Patients with Chronic 

Kidney Disease, Chronic Liver disease, Acute Kidney Injury, Patient 

refusal, and patients with carcinogenic states. 

The data collected at the end of a procedure will be analysed using SPSS 
29.0 software. Age and changes in hemodynamic monitoring indicators 

(SBP, DBP, MAP, SPO2, and HR) were analysed for mean and standard 

deviation. Gender and BCIS will be presented as frequency (%). The 
confidence interval (CI) will be set at 95%, and p ≤ 0.05 will be 

considered significant. Data will be stratified by age, gender, ASA status, 

and type of anaesthesia. Post-stratification chi-square test will be applied. 

Results 

A total of 100 patients were included over 6 months. Out of 100, 56 (56%) 

were females and 44 (44%) were males. The mean age of patients was 58 

years. Spinal Anaesthesia was used in 51 (51%) patients; combined spinal 

& epidural anaesthesia in 23 (23%); general anaesthesia alone in 19 
(19%); and General Anaesthesia with epidural in 7 (7%) patients. The 

ASA status of these 100 patients was: ASA-II in 18 (18%), ASA-III in 54 

(54%), and ASA-IV in 28 (28%). Total knee arthroplasty was done in 59 

(59%) patients, and Hip arthroplasty in 41 (41%) patients. (Table 1) 
Out of 100 patients, 19 developed bone cement implantation syndrome. 

Of these 19, 14 (73.6%) had Grade 1, 3 (15.6%) had Grade 2, and 2 (10%) 

had Grade 3 BCIS. The highest incidence of BCIS occurred between 5 

and 8 minutes after cementation. In patients who do not meet the criteria 

for BCIS, the most common finding is premature ventricular contractions 

(PVCs) without hemodynamic instability, which resolve spontaneously. 

Among 19 patients with BCIS, 5 (26.3%) received general anaesthesia 

alone, 8 (42.1%) received spinal anaesthesia, and 6 (31.5%) received 
CSE. Both of the Grade-3 BCIS patients had intraoperative cardiac arrest. 

Both achieved ROSC in theatre, but expired the very next day while being 

in the I.C.U. on mechanical ventilation with right heart failure on 

echocardiography, and cardiac failure was the cause. Both grade 3 BCIS 
cases occurred in hip arthroplasty, and both are ASA-III, making the 

mortality rate for grade 3 100%. All the results are summarized in Table 

2:

Table 1: Demographics and incidence of Bone cement implantation syndrome (BCIS) 

Variable Category / Statistic Total (n = 100) BCIS Present n (%) 

Age (years) Mean ± SD 62 ± 4 — 

Gender Male 44 (44.0) 5 (26.3) 

 Female 56 (56.0) 14 (73.7) 

ASA Classification ASA I — — 

 ASA II 54 (54.0) 5 (9.2) 

 ASA III 28 (28.0) 9 (32.1) 

 ASA IV 18 (18.0) 5 (27.7) 

Comorbidities Hypertension 48 (48.0) — 

 Diabetes mellitus 53 (53.0) — 

 Previous myocardial infarction 38 (38.0) — 

 COPD 19 (19.0) — 

 Asthma 11 (11.0) — 

Type of Surgical Procedure Total Knee Replacement (TKR) 59 (59.0) — 

 Total Hip Replacement (THR) 41 (41.0) — 

Medication History β-blockers 51 (51.0) — 

 ACE inhibitors / ARBs 39 (39.0) — 

 Diuretics 7 (7.0) — 

 Nitrates 21 (21.0) — 

 Calcium antagonists 25 (25.0) — 

 Antiplatelet drugs 42 (42.0) — 

 Warfarin 1 (1.0) — 

 Statins 68 (68.0) — 

 Insulin / Oral hypoglycemics 53 (53.0) — 



Biol. Clin. Sci. Res. J., Volume 6(6), 2025: 1906                                                                                                       Rehman et al., (2025)        

487 
 

Table 2: Frequency of bone cement implantation syndrome 

 Total cases of BCIS: 19/100 (26%) 

Grading of BCIS GRADE-1 14/19 (73.6%) 

GRADE-2 3/19 (15.7%) 

GRADE-3 2/19 (10%) 

BCIS in Knee Arthroplasty  5 (26.3%) 

BCIS in hip arthroplasty  14 (73.6%) 

Discussion 

 

Bone cement implantation syndrome is an underappreciated complication 

of procedures involving cement implantation [10]. In the literature, the 
incidence of BCSI is high in hip arthroplasty procedures, at 31% [12], 

with the overall incidence of BCIS ranging from 28-37% [2,11,12,13] 

across all cemented procedures. The incidence in our study is 19%, which 

is lower than that reported in the literature. Of these 19, hip arthroplasty 
procedures constitute around 73.6%.  

Among the BCIS grades in our study, Grade 1 occurred in 73.6%, Grade 

II in 15.7%, and Grade III in 10%, consistent with the literature. [13] The 

mortality rate with Grade-III BCIS was 100% in our study, which is also 
comparable to the study done by Rassir et al. [12]  

Factors associated with BCIS include female gender, ASA-III and ASA-

IV, previous history of myocardial infarction, patients taking 

Angiotensin-converting enzyme inhibitors (ACEI) OR Angiotensin-
receptor blockers (ARBs), diuretics, and patients who underwent both 

sides of the knee or hip arthroplasty at a time. [ 15] 

 In this study, among 19 patients with BCIS, 5 (26.3%) received general 

anaesthesia alone, 8 (42.1%) received spinal anaesthesia, and 6 (31.55%) 
received CSE. There is a high incidence of BCIS in neuraxial anaesthesia, 

which is in contrast to what is found in the literature. As per Zastro et al., 

general anaesthesia is associated with a higher incidence of BCIS, 

whereas neuraxial anaesthesia is considered safer for cemented 
arthroplasty procedures. [16] So, we concluded that this type of 

anaesthesia is not associated with the incidence of BCIS. 

In the current study, cemented hip arthroplasty (14, 73.6%) has a higher 

incidence of BCIS than knee arthroplasty (5, 26.3%). A plausible 
explanation in the literature is that a larger and more challenging femoral 

canal in hip arthroplasty can increase intramedullary pressure during 

implant insertion, thereby increasing the risk of fat and bone marrow 

embolism. [15] 
Pre-existing ischemic heart disease is considered a risk factor for 

perioperative cardiac complications, but as far as the incidence of BCIS 

is concerned, as per a study done by Yuenyongviwat et al., pre-existing 

ischemic disease does not correlate with BCIS incidence. [17] 
Different perioperative measures by the orthopaedic team can reduce the 

risk of BCIS. These include medullary lavage, good haemostasis before 

cement insertion, preventing excessive cement pressurization, using low-

toxicity monomeric cement, minimizing the length of the prosthesis, 
vacuum cement mixing, retrograde application with a cement gun and 

suction catheter, an intramedullary plug, and venting the medulla. [18] 

A multidisciplinary plan is needed, involving both the orthopaedics and 

anaesthesiologists, to reduce the incidence of BCIS. A cement curfew 
should be announced by the surgical team at mixing of cement and other 

than the surgical manoeuvres described above, pre-hydration by 

anaesthetist, vigilant monitoring as per ASA- standards of monitoring, 

prophylactic injection of epinephrine five micrograms at time of 
cementation, presence of senior anaesthesiologist at time of cementation, 

and ready vasopressors at the back-end. 

This is a single-centre study, and a small sample size may affect the 

study's outcome, but its strength lies in its prospective design. 

Conclusion 

Bone cement implantation syndrome is a fatal complication that can be 

avoided and controlled by good team communication, a multidisciplinary 

approach, vigilant monitoring, the orthopaedic team adhering to 

recommended practices, pre-hydration, a prophylactic epinephrine (5 

micrograms) bolus, and good preoperative assessment and postoperative 

care. 

Declarations 

Data Availability statement 

All data generated or analysed during the study are included in the 

manuscript. 

Ethics approval and consent to participate 

Approved by the department concerned. (IRBEC--24) 

Consent for publication 

Approved 

Funding 

Not applicable 

Conflict of interest 

 
The authors declared no conflicts of interest. 

Author Contribution  

SUR 

Manuscript drafting, Study Design,  

AR 

Review of Literature, Data entry, Data analysis, and drafting articles. 

ER 

Conception of Study, Development of Research Methodology Design,  

AR 

Study Design, manuscript review, and critical input. 

SMHA 

Manuscript drafting, Study Design, 

MI 

Conception of Study, Development of Research Methodology Design,  

 

All authors reviewed the results and approved the final version of the 
manuscript. They are also accountable for the integrity of the study. 

References 

1. Astawa P. Hemodynamic changes in patients undergoing 

cemented total hip replacement surgery: a literature review. Bali Med J. 
2020;9(2):520–3. https://doi.org/10.15562/bmj.v9i2.1691 

2. Olsen F, Kotyra M, Houltz E, Ricksten S-E. Bone cement 

implantation syndrome in cemented hemiarthroplasty for femoral neck 

fracture: incidence, risk factors, and effect on outcome. Br J Anaesth. 
2014;113(5):800–6. https://doi.org/10.1093/bja/aeu226 

3. Gaik C, Schmitt N, Wiesmann T. Bone cement implantation 

syndrome—pathophysiology, diagnostics and treatment options. Anästh 

Intensivmed. 2019;60:124–33. https://doi.org/10.19224/ai2019.124 

4. Fujita H, Okumura T, Hara H, Toda H, Harada H, Nishimura 

R, et al. Monitoring of blood pressure during total hip arthroplasty using 

the interface bioactive bone cement (IBBC) technique. J Orthop Sci. 

2015;20(2):347–56. https://doi.org/10.1007/s00776-014-0691-3 

https://doi.org/10.15562/bmj.v9i2.1691
https://doi.org/10.1093/bja/aeu226
https://doi.org/10.19224/ai2019.124
https://doi.org/10.1007/s00776-014-0691-3


Biol. Clin. Sci. Res. J., Volume 6(6), 2025: 1906                                                                                                       Rehman et al., (2025)        

488 
 

5. Harsten A, Kehlet H, Ljung P, Toksvig-Larsen S. Total 

intravenous general anaesthesia vs spinal anaesthesia for total hip 
arthroplasty: a randomised, controlled trial. Acta Anaesthesiol Scand. 

2015;59(3):298–309. https://doi.org/10.1111/aas.12456 

6. Rashid RH, Shah AA, Shakoor A, Noordin S. Hip fracture 

surgery: does type of anesthesia matter? Biomed Res Int. 
2013;2013:252356. https://doi.org/10.1155/2013/252356 

7. American Society of Anesthesiologists. ASA Physical Status 

Classification System. 2020. Available from: 

https://www.asahq.org/standards-and-practice-parameters/statement-on-

asa-physical-status-classification-system 

8. Scase A, Horwood G, Sandys S. Coventry "Cement Curfew": 

team training for crisis. Anaesthesia News. 2014;(327):8–9. (DOI not 

available) 
9. National Hip Fracture Database. Anaesthesia Sprint Audit of 

Practice (ASAP) report. 2014. Available from: 

https://www.nhfd.co.uk/20/hipfracturer.nsf/vwContent/asapReport 

10. Donaldson AJ, Thomson HE, Harper NJ, Kenny NW. Bone 
cement implantation syndrome. Br J Anaesth. 2009;102(1):12–22. 

https://doi.org/10.1093/bja/aen328 

11. Weingärtner K, Störmann P, Schramm D, Wutzler S, 

Zacharowski K, Marzi I, et al. Bone cement implantation syndrome in 
cemented hip hemiarthroplasty—a persistent risk. Eur J Trauma Emerg 

Surg. 2022;48(2):721–9. https://doi.org/10.1007/s00068-020-01587-8 

12. Rassir R, Schuiling M, Sierevelt IN, van der Hoeven CWP, 

Nolte PA. What are the frequency, related mortality, and factors 
associated with bone cement implantation syndrome in arthroplasty 

surgery? Clin Orthop Relat Res. 2021;479(4):755–63. 

https://doi.org/10.1097/CORR.0000000000001541 

13. Rao SS, Suresh KV, Margalit A, Morris CD, Levin AS. 
Regional or neuraxial anesthesia may help mitigate the effects of bone 

cement implantation syndrome in patients undergoing cemented hip and 

knee arthroplasty for oncologic indications. J Am Acad Orthop Surg. 

2022;30(3):e375–83. https://doi.org/10.5435/JAAOS-D-21-00553 
14. Jaffe JD, Edwards CJ, Hamzi R, Khanna AK, Olsen F. Bone 

cement implantation syndrome: incidence and associated factors in a 

United States setting. Cureus. 2022;14(11):e31908. 

https://doi.org/10.7759/cureus.31908 
15. Brokke KE, Graman M, Servaas S, Sierevelt IN, Steegers 

MAH, Nolte PA. Bone cement implantation syndrome: a scoping review. 

Br J Anaesth. 2025;135(1):129–42. 

https://doi.org/10.1016/j.bja.2025.05.041 
16. Zastrow RK, Rao SS, Morris CD, Levin AS. The effect of 

anesthetic regimen on bone cement implantation syndrome in cemented 

hemiarthroplasty for hip fracture. J Am Acad Orthop Surg. 

2025;33(1):e46–e57. https://doi.org/10.5435/JAAOS-D-24-00239 
17. Yuenyongviwat V, Janejaturanon J, Hongnaparak T, 

Iamthanaporn K. Comparative assessment of bone cement implantation 

syndrome in cemented bipolar hemiarthroplasty: impact in patients with 

and without preexisting heart disease. Orthop Rev (Pavia). 
2024;16:122320. https://doi.org/10.52965/001c.122320 

18. Jain S, Pal A, Jain M, Ajmera A. Incidence and risk for cement 

implantation syndrome after hemiarthroplasty. Ortho J MPC. 

2019;25(2):77–81. Available from: 
https://ojmpc.com/index.php/ojmpc/article/view/88  

 
 

 
Open Access This article is licensed under a Creative Commons Attribution 4.0 

International License, http://creativecommons.org/licen ses/by/4.0/. © The 

Author(s) 2025 

https://doi.org/10.1111/aas.12456
https://doi.org/10.1155/2013/252356
https://www.asahq.org/standards-and-practice-parameters/statement-on-asa-physical-status-classification-system
https://www.asahq.org/standards-and-practice-parameters/statement-on-asa-physical-status-classification-system
https://www.nhfd.co.uk/20/hipfracturer.nsf/vwContent/asapReport
https://doi.org/10.1093/bja/aen328
https://doi.org/10.1007/s00068-020-01587-8
https://doi.org/10.1097/CORR.0000000000001541
https://doi.org/10.5435/JAAOS-D-21-00553
https://doi.org/10.7759/cureus.31908
https://doi.org/10.1016/j.bja.2025.05.041
https://doi.org/10.5435/JAAOS-D-24-00239
https://doi.org/10.52965/001c.122320
https://ojmpc.com/index.php/ojmpc/article/view/88
http://creativecommons.org/licen%20ses/by/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

