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Abstract
Introduction: Considering the importance of the anesthesia and surgery team’s awareness of possible hemodynamic changes when using 
bone cement and preventing its risks, it is very important to know about this issue.
Objectives: This study aimed to identify and prevent the risks of possible hemodynamic changes and related factors when using bone 
cement in knee arthroplasty candidates.
Patient and Methods: This descriptive-analytical study of 63 knee arthroplasty candidates in Imam Reza and Shohada hospitals (affiliated 
with the Tabriz university of medical sciences) was conducted in 2020. The hemodynamic status (heart rate, blood pressure, and arterial 
oxygen saturation (SaO2)) of all patients was recorded and changes were calculated three minutes before, during, and three minutes after 
using bone cement.
Results: The increase in diastolic (P = 0.221) and systolic (P = 0.195) blood pressure and heart rate (P = 0.125) over time (before and after 
using bone cement) was statistically insignificant. However, the arterial oxygen saturation of patients remained constant (P = 0.999).
Conclusion: The results showed that using bone cement causes minor changes in (systolic and diastolic) blood pressure and heart rate.
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Introduction
Often seen in hip and knee arthroplasty surgeries, 
bone cement implantation syndrome (BCIS) may 
threaten orthopedic surgery candidates (1). It can cause 
complications such as hypoxia, hypotension, arrhythmia, 
increased pulmonary vascular resistance, bradycardia, 
and pre- and post-operative embolism (2, 3). 

To prevent its complications and reduce plasma 
histamine release, 30 mg of intravenous diphenhydramine 
is usually administered 1 hour before using bone cement 
(4, 5). Prodrugs such as diuretics or warfarin and aspirin 
are used for severe BCIS in chronic obstructive pulmonary 
disease patients (6, 7).

The shortcomings of previous studies include aspirin 
use, which cannot be used in all surgeries such as 
neurosurgery and severe trauma, and the failure to 
consider pathological bone diseases, underlying diseases, 
and age, which affect results (8, 9).

Objectives
Due to its importance for anesthesia and surgical teams, 
this study aimed to identify and prevent the risks of 
possible hemodynamic changes and related factors when 
using bone cement in knee arthroplasty candidates.

Patients and Methods
Study design
This descriptive-analytical study of 63 knee arthroplasty 
candidates in Shohada and Imam Reza hospitals (affiliated 
with the Tabriz University of Medical Sciences) was 
conducted in 2020 using the available sampling method 
and by observing the inclusion and exclusion criteria.

The inclusion criteria included 18-65 years of age, elective 
arthroplasty candidates on one knee, and the consent of 
participants; and the exclusion criteria included a history 
of bone cement allergy, taking corticosteroids, history of 
immunodeficiency disorders, ASA class IV patients, and a 
history of severe seasonal and other allergies.

After entering the operating room, the hemodynamic 
status of all patients was monitored and 500 cc of normal 
saline was intravenously administered. Then, spinal 
anesthesia was inducted to all patients in seated position 
via injection of 15 mg of bupivacaine into the L3/L4 or 
L4/L5 segment using the gauge-25 needle. To treat 30% 
hypotension from the baseline, 10 mg of ephedrine was 
administered, and to treat bradycardia (heart rate below 
50 bpm), 0.6 mg of intravenous atropine was injected. 
All patients received oxygen therapy with a facemask 
at 6 L/m and an operating room nurse and a recovery 
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 Implication for health policy/practice/research/
medical education
The hemodynamic status (heart rate, blood pressure, and arterial oxygen 

saturation (SaO2)) of 63 knee arthroplasty candidates was recorded and 

changes were calculated three minutes before, during, and three minutes 

after using bone cement. The results showed that using bone cement 

causes minor changes in (systolic and diastolic) blood pressure and heart 

rate.

anesthesiologist collected the data. To collect data before 
induction of anesthesia, age, gender, and weight were 
obtained from interviews and patient records, and systolic 
and diastolic blood pressure, heart rate, and arterial 
oxygen saturation were obtained and recorded in the 
checklist by monitoring, sphygmomanometer, and pulse 
oximetry. The variables were measured 30 minutes before 
the operation, during bone cement use, and 30 minutes 
after the operation.

Statistical analysis
The collected data were entered into SPSS version 21 and 
the quantitative information was shown using descriptive 
statistics such as frequency, percentage, mean, and 
standard deviation. The obtained data was compared 
using analysis of variance (ANOVA). P value less than 
0.05 was considered significant.

Results
Out of the 63 participants, 29 (46.03%) were female and 
41 (65.07%) received right leg arthroplasty. The mean age, 
height, weight, and body mass index (BMI) of participants 
were respectively 55.29 ± 5.41 years, 165.96 ± 12.29 cm, 
81.55 ± 5.19 kg, and 28.85 ± 3.64 kg/m². The records 
showed 52 participants (82.53%) with a history of 
controlled hypertension, 32 (50.79%) with a history 
of diabetes mellitus, and 28 (44.44%) with a history of 
anesthesia.

Blood pressure analysis showed that the increase 
in diastolic (P = 0.221) and systolic (P = 0.195) blood 
pressure over time (before and after using bone cement) 
was statistically insignificant (P = 0.125). Moreover, 
the increase in the average heart rate of all patients was 
statistically insignificant (P = 0.099), whereas their arterial 
oxygen saturation remained constant (P = 0.999). Table 1 
shows the hemodynamic changes of participants.

Discussion
Hemodynamic stability is of secondary importance 
after airway support by anesthesiologists to ensure 
adequate ventilation for patients. Hemodynamic 
changes exceeding 20%-30% from the baseline can cause 
irrecoverable damages, such as cardiac and cerebral 
ischemia, need for long-term hospitalization, increased 
need for pharmacotherapy and risk of cardiopulmonary 
resuscitation, and higher mortality. Therefore, after 
providing proper ventilation and keeping the airway open, 
monitoring hemodynamic status is incredibly important 
and considered by anesthesiologists as a major challenge 
in anesthesia management. Due to its importance, 
hemodynamic status is continuously monitored during 
operation to report the slightest changes (10). Various 
factors can affect hemodynamic status during operation, 
including bleeding, extent of surgical incision, blood 
transfusion, injection of anesthetics, and intraoperative 
procedures. The use of foreign materials such as bone 
cement may change hemodynamic status during surgical 
procedures. The body recognizes bone cement as a 
foreign material and reacts accordingly. To prevent this, 
it is recommended to administer corticosteroids 10-30 
minutes before use. Despite these preventive measures, 
however, some individuals may exhibit severe reactions, 
such as hemodynamic changes leading to future 
complications (11-13).

The study by Olsen et al entitled Bone Cement 
Implantation Syndrome in Hemiarthroplasty showed 
that the highest rate of mortality occurs 48 hours after 
using bone cement (14). The study by Hines et al entitled 
Bone Cement Implantation Syndrome showed that 
although changing the amount of bone cement used in 
orthopedic surgery can change the patient’s hemodynamic 
status, it does not pose serious risks (4). Therefore, it 
is recommended that future studies also consider the 
amount of bone cement used.

Conclusion
The results showed that using bone cement causes minor 
changes in (systolic and diastolic) blood pressure and 
heart rate.

Limitations of the study
The small number of samples and the lack of examination 

Table 1. Analyzing the hemodynamic changes of participants before, during, and after using bone cement

Variable
Time of using bone cement

P value
Before During After

Heart rate 86.10±11.35 91.10±24.85 95.11±33.09 0.099

Systolic blood pressure 135.15±02.22 142.18±85.95 148.14±52.75 0.221

Diastolic blood pressure 83.10±30.33 90.10±57.96 95.12±44.45 0.195

Arterial oxygen saturation 100 100 100 0.265
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of the hemodynamic status after surgery were the 
limitations of our study, which should be addressed in 
future studies in order to achieve better results.

Authors’ contribution 
Conceptualization; AM and NA, Methodology; AM, Validation; 
NA, Formal Analysis; NA, Investigation; AM and NA, Resources; 
AM and NA, Data Curation; AM and NA, Writing—Original Draft 
Preparation; AM and NA, Writing—Review and Editing; AM and 
NA, Visualization; NA, Supervision; NA, Project Administration; 
NA, Funding Acquisition; NA

Conflicts of interest
 The authors declare that they have no conflicts of interest.

Ethical issues
The research conducted in accordance with the tenets of the 
Declaration of Helsinki. The Ethics Committee of Tabriz University 
of Medical Sciences approved this study. The institutional ethical 
committee at Tabriz University of Medical Sciences accepted all 
study protocols (IR.TBZMED.REC.1400.820).

Funding/Support
This study is sponsored by Tabriz University of Medical Sciences 
(Grant #67632).

Acknowledgment 
The Authors would like to thanks Clinical Research Development 
Unit, Shohada Hospital, Tabriz University of Medical Sciences, 
Tabriz, Iran for kind supports.

References
1. Rassir R, Schuiling M, Sierevelt IN, van der Hoeven CW, 

Nolte PA. What are the frequency, related mortality, and 
factors associated with bone cement implantation syndrome 
in arthroplasty surgery? Clin Orthopaed Related Res. 
2021;479:755-63. doi: 10.2106/JBJS.20.00410.

2. 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. European J Trauma Emerg Surg. 2022;48:721-9. doi: 
10.1007/s00068-020-01587-8.

3. Schwarzkopf E, Sachdev R, Flynn J, Boddapati V, Padilla RE, 
Prince DE. Occurrence, risk factors, and outcomes of bone 
cement implantation syndrome after hemi and total hip 
arthroplasty in cancer patients. J Surg Oncol. 2019;120:1008-
15. doi: 10.1002/jso.25675.

4. Hines CB, Collins‐Yoder A. Bone cement implantation 
syndrome: key concepts for perioperative nurses. AORN J. 
2019;109:202-16. doi: 10.1002/aorn.12584.

5. Bonfait H, Delaunay C, De Thomasson E, Tracol P, Werther 
J-R. Bone cement implantation syndrome in hip arthroplasty: 
Frequency, severity and prevention.  Orthop Traumatol Surg 
Res. 2022;108:103139. doi: 10.1016/j.otsr.2021.103139.

6. Yang Th, Yang Rs, Lin Cp, Tseng Th. Bone Cement Implantation 
Syndrome in Bone Tumor Surgeries: Incidence, Risk Factors, 
and Clinical Experience. Orthopaed Surg. 2021;13:109-15.
doi: 10.1111/os.12842.

7. Kaufmann KB, Baar W, Rexer J, Loeffler T, Heinrich S, 
Konstantinidis L, et al. Evaluation of hemodynamic goal-
directed therapy to reduce the incidence of bone cement 
implantation syndrome in patients undergoing cemented 
hip arthroplasty–a randomized parallel-arm trial. BMC 
Anesthesiol. 2018;18:1-9. doi: 10.1186/s12871-018-0526-4.

8. Wan RCW, Liu WH, Ng RWK, Tso CY, Chow SK-H, 
Cheung W-H, et al. Dangers with cementation under low-
viscosity state: Cement arterio-venogram and bone cement 
implantation syndrome. Trauma Case Rep. 2021;35:100517. 
doi: 10.1016/j.tcr.2021.100517.

9. Huang WC, Lee P, Wong TGL, Tan JKT, Hwang NC. Diagnosis 
of bone cement implantation syndrome using point of care 
ultrasound examination. Ann Card Anaesth. 2021;24:372-74.
doi: 10.4103/aca.ACA_202_19.

10. Hamal PK, Poudel PR, Singh J. Grade III bone cement 
implantation syndrome in malignant lung cancer patient: a 
case report. BMC Anesthesiol. 2018;18:1-5. doi: 10.1186/
s12871-018-0492-x.

11. Kumbasar U, Bonde P. Delayed presentation of bone cement 
implantation syndrome requiring extracorporeal membrane 
oxygenation support. Turkish J Thorac Cardiovascul Surg. 
2021;29:412-14. doi: 10.5606/tgkdc.dergisi.2021.21709.

12. Lynn YS, Venkatesan K. Successful Resuscitation of Bone 
Cement Implantation Syndrome in a Patient with Pre-
Existing Pulmonary Hypertension: A Case Report. Open 
Journal of Anesthesiology. 2020;10:293-7. doi: 10.4236/
ojanes.2020.108026. 

13. Jain S, Pal A, Jain M, Ajmera A. Incidence and risk for Cement 
Implantation Syndrome after hemiarthroplasty. Orthopaed J 
MP Chapter. 2019;25:77-81. doi: 10.5281/zenodo.3969886. 

14. 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. British J Anaesth. 2014;113:800-6. doi: 10.1093/
bja/aeu226

http://ethics.research.ac.ir/IR.TBZMED.REC.1400.820

