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Abstract
The aim of the study was to assess the effect of commonly used intravertebral anesthesia on bone cement implantation syndrome
(BCIS) in aged patients undergoing hemiarthroplasty.
The medical records of 1210 aged patients receiving hemiarthroplasty under intravertebral anesthesia were retrospectively

reviewed. Anesthesia charts for all patients were reviewed for central venous pressure, mean arterial pressure, arterial oxygen
saturation, and heart rate before, during, and after cementation. Each patient was classified into no BCIS (grade 0) or BCIS grade 1, 2,
or 3 according to the degree of hypotension, arterial desaturation, or loss of consciousness around cementation. Changes in these
grades after cementation were compared according to the ways of intravertebral anesthesia used.
Among all included patients, 72.2% (874/1210) showed grade 1 or higher grade of BCIS after cementation. Compared with spinal-

epidural anesthesia, single epidural anesthesia showed adjusted odds ratios (95% confidence interval) of 1.25 (1.13–1.43) for grade
1, 1.36 (0.83–2.06) for grade 2, and 3.55 (1.52–7.06) for marked postoperatively grade 3 of BCIS versus grade 0 (Type IIIP<0.0001).
Single epidural anesthesia was associated with increased odds for elevation of these grades after cementation compared with

spinal-epidural anesthesia.

Abbreviations: BCIS = bone cement implantation syndrome, COPD = chronic obstructive pulmonary disease, SAP = systolic
arterial pressure.
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1. Introduction anesthesia to ensure the patient’s safety and improve the success
Hemiarthroplasty is a routine surgical operation in the treatment
of hip diseases of aged people such as hip arthritis, femoral head
necrosis, and trauma.[1,2] However, bone cement implantation
syndrome (BCIS), which most often occurs in cemented hemi-
arthroplasty, is a well known and potentially fatal complica-
tion.[3] The syndrome is characterized by hypoxia,[4,5] sudden
loss of arterial pressure,[6] pulmonary hypertension,[7] arrhyth-
mias,[8] loss of consciousness, and eventually cardiac arrest.[9]

Aged patients usually accompanied with pathological changes
in respiratory and circulatory system; however, the effect of
intravertebral anesthesia on BCIS in aged patients is unclear.
Thus, it is particularly important to choose a reliable way of
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rate of surgery.
The severity classification of BCIS have been proposed

recently:[10] grade 1 was defined as a drop (> 20%) in systolic
arterial pressure (SAP) or moderate hypoxia (arterial oxygen
saturation < 94%), grade 2 as severe hypoxia (arterial oxygen
saturation < 88%) or hypotension (a decrease in SAP > 40%)
or unexpected loss of consciousness, and finally, grade 3 was
defined as cardiovascular collapse requiring cardiopulmonary
resuscitation.
The purpose of this study was to evaluate the effect of the

commonly used spinal-epidural anesthesia and single epidural
anesthesia, on the incidence of BCIS in cemented hemiarthro-
plasty for hip fractures, using this severity classification of BCIS.
2. Methods

The study was approved by the Ethics Committee of the Sichuan
Academy of Medical Science and written informed consent was
waived by the Ethics Committee because of the retrospective
observational nature of the study. In this retrospective cohort
study, the medical records of all consecutive patients underwent
cemented hemiarthroplasty under spinal-epidural anesthesia and
single epidural anesthesia for femoral neck fracture from January
1, 2010, to December 30, 2014, at Sichuan Provincial People’s
Hospital were screened for eligibility.
We collected data regarding anesthesia way, age, gender,

American Society of Anesthesiologists (ASA) risk score, surgery
time, and coexisting diseases including liver disease, renal
impairment (serum creatinine> 150mmol L�1), diabetes mellitus,
previous stroke, and hypertension.However, coexisting dementia,
arrhythmias, and chronic obstructive pulmonary disease (COPD)
were excluded because of their potential effect on BCIS grade.
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Figure 1. Patient screening and exclusion process.
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BCIS grade: The mean systolic pressure, arterial oxygen
saturation, and heart rate were reviewed from anesthesia charts
at 4 occasions (T1-T4): (T1) for a period of 10 to 15minutes
before intravertebral anesthesia was given, (T2) for a period of 10
to 15minutes before implantation of bone cement, (T3) for a
period of 10 to 15minutes after implantation of bone cement, and
(T4) on arrival to the post-anesthesia recovery unit. The lowest
SAP recorded within 15minutes after cementation was used to
score the severity of BCIS. Each patient was classified to group
BCIS grade 0, 1, 2, or 3 according to above principles.[10]

Statistical analysis was performed using SPSS statistical
software (SPSS system for Windows, version 13.0). Patient
characteristics and perioperative variables between BCIS grade
groups were compared using the Kruskal–Wallis test for
continuous variables and Pearson x2 or Fisher exact test for
categorical variables. Multinomial logistic regression was
performed to evaluate risk factors associated with BCIS grade,
and the adjusted odds ratio of each factor was calculated. The
interaction terms between each variable in the model and ways of
Table 1

Patient characteristics according to BCIS grades.

BCIS grade 0 (n=336) BCIS grade 1 (n=51

Age 81 (72–86) 79 (70–89)
Spinal-epidural anesthesia 229 (68.2%) 361 (70.7%)
Single epidural anesthesia 107 (31.8%) 150 (29.3%)
Gender
Male 92 (27.5%) 180 (35.2%)
Female 244 (72.5%) 331 (64.8%)

ASA classification
I 7 (2.1%) 9 (1.7%)
II 136 (40.5%) 180 (35.2%)
III 179 (53.3%) 259 (50.6%)
IV 14 (4.1%) 73 (14.2%)

Surgery time 103 (16) 98 (13)
Coexisting diseases
Liver disease 4 (1.3%) 0 (0%)
Renal impairment 22 (6.5%) 42 (8.2%)
Diabetes 43 (12.8%) 95 (18.5%)
Previous stroke 62 (18.6%) 104 (20.4%)
Hypertension 135 (40.2%) 243 (47.6%)

ASA=American society of anesthesiologists, BCIS=bone cement implantation syndrome.
Values are mean (SD) or number (%).
P value by the Kruskal–Wallis test for continuous variables and Pearson x2 or Fisher exact test for cat
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intravertebral anesthesia used were examined. Values of P<0.05
were considered significant.
3. Results

As illustrated in Fig. 1, 1210 patients were enrolled for review of
medical records, but 480 patients met the exclusion criteria.
Baseline characteristics of the remaining1210 patients who had

undergone cemented hemiarthroplasty with spinal-epidural
anesthesia and single epidural anesthesia for femoral neck
fracture are summarized in Table 1. There were no differences in
the frequency of intravertebral anesthesias used or the duration of
surgery between groups classified according to BCIS grades. After
implantation of bone cement, 254 (21.0%) of patients showed a
grade 2 of BCIS, and 109 (9.0%) of patients showed a grade 3 of
BCIS.
Among all included patients, 72.2% (874/1210) showed grade

1 or higher grade of BCIS after cementation. Compared with
spinal-epidural anesthesia, single epidural anesthesia showed
adjusted odds ratios (95% confidence interval) of 1.25
(1.13–1.43) for grade 1, 1.36 (0.83–2.06) for grade 2, and
3.55 (1.52–7.06) for marked postoperatively grade 3 of BCIS
versus grade 0 (Type III P<0.0001).
Multivariable analysis showed that single epidural anesthesia

was associated with increased odds for elevated BCIS grades
compared with spinal-epidural anesthesia after adjusting for
other factors (Table 2). Statistically, being a male and surgery
time were also identified as factors associated with BCIS grades
(Table 2).
4. Discussion

Present study using the classification system for BCIS to describe
the incidence of BCIS and its odds ratio with different ways of
intravertebral anesthesia in a single-center population of patients.
The main findings were that 72.2% (874/1210) of patients
undergoing cemented hemiarthroplasty for hip fracture showed
grade 1 or higher grades of BCIS after cementation. Furthermore,
1) BCIS grade 2 (n=254) BCIS grade 3 (n=109) P

83 (75–87) 86 (72–93) < 0.05
192 (75.6%) 82 (74.8%) NS
62 (24.4%) 27 (25.2%) NS

76 (29.8%) 33 (30.7%) NS
178 (70.2%) 76 (69.3%) < 0.05

6 (2.3%) 3 (2.3%) NS
78 (30.6%) 37 (33.8%) NS
148 (58.6%) 44 (40.8%) NS
22 (8.5%) 25 (23.1%) < 0.05
110 (10) 106 (18)

1 (0.8%) 1 (1.2%) NS
15 (5.8%) 10 (8.9%) NS
52 (20.6%) 18 (16.4%) NS
50 (19.7%) 29 (26.4%) NS
111 (43.7%) 49 (45.2%) NS

egorical variables.



Table 2

Adjusted odds ratio (95% confidence interval) of BCIS grades.

BCIS grade 0 BCIS grade 1 BCIS grade 2 BCIS grade 3

Variables
Single epidural anesthesia

∗
1 1.25 (1.13–1.43) 1.36 (0.83–2.06) 3.55 (1.52–7.06)

Spinal-epidural anesthesia 1 1.18 (0.99–1.56) 1.47 (0.74–2.85) 3.15 (1.09–8.65)
Male (versus female)

∗
1 1.38 (1.31–1.58) 1.23 (0.86–1.65) 1.45 (0.95–2.09)

Age 1 1.06 (1.07–1.49) 1.17 (1.06–1.28) 1.33 (1.19–1.55)
Surgery time

∗
1 1.07 (1.05–1.06) 1.08 (1.08–1.09) 1.08 (1.07–1.08)

BCIS=bone cement implantation syndrome.
Multivariable and adjusted odds ratios for the association between spinal-epidural anesthesia, single epidural anesthesia, and patient variables and BCIS grades using multinomial logistic regression.
∗
Type III P<0.0001.
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compared with spinal-epidural anesthesia, single epidural
anesthesia is more associated with the development of the BCIS.
Cemented hemiarthroplasty is an effective method for the

reconstruction of the damaged joints caused by various diseases.
Because of the risk of osteoporosis, bone cement is routinely used
in hemiarthroplasty for hip fracture of elderly patients.[11,12]

However, BCIS is a fairly common complication in cemented
hemiarthroplasty. Report showed that BCIS is one of the most
dangerous complications of hemiarthroplasty.[13] There are
about 65% of patients who show BCIS in hemiarthroplasty,
which causes about 0.5% to 10% of cardiac arrest and 0.6% to
1% of death.[10]

The clinical syndrome of BCIS typically occurs at the time of
bone cementation and insertion of the prosthesis. In pathophysi-
ology, pulmonary embolization, release of histamine, and
complement activation are 3 main causes of BCIS, which may
act to increase pulmonary vascular resistance and then cause
ventilation/perfusion disturbances with hypoxia, right ventricu-
lar failure, and cardiogenic shock.[14,15]

For the elderly patients, the degradation of physical condition
will inevitably lead to low tolerance of surgery and anesthesia. It
is a challenge for the anesthesiologist to choose an effective and
safe way of anesthesia for hemiarthroplasty in elderly patients. In
the past, the options included general anesthesia, single spinal
anesthesia, and continuous epidural anesthesia. But at present,
due to some complications and side effects problems,
general anesthesia and single spinal anesthesia are not the
preferred method of anesthesia for elderly patients receiving
hemiarthroplasty.[16]

Epidural anesthesia is an adaptive way for hemiarthroplasty
that provides sufficient analgesia and muscle relaxation.
However, single epidural anesthesia needs relative larger dose
of local anesthetics and exists a certain rate of incomplete nerve
block. So the combined spinal-epidural anesthesia looks like a
better choice. Combined spinal-epidural anesthesia can not only
provide quick analgesia and muscle relaxation, but also reserved
the convenience of anesthesia level control.[17] Our results also
indicate that spinal-epidural anesthesia is better than single
epidural anesthesia for cemented hemiarthroplasty in aged
patients. However, the present study is limited by its retrospective
nature and the quality of the data in the medical records of our
institution.
In summary, according to our data, spinal-epidural anesthesia

is a preferred method of anesthesia for cemented hemiarthro-
3

plasty in aged patients coexisting respiratory and circulatory
instability.
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