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Abstract
Background: The effectiveness of comprehensive geriatric assessment (CGA) has been con�rmed to
reduce perioperative complications of geriatric patients. But there is no universally accepted
standardization of CGA for orthopedic surgery. In this study, a novel CGA strategy was applied to evaluate
the conditions of elderly patients undergoing orthopedic surgery from a broad view and to identify
potential risk factors for postoperative complications.

Methods: A prospective cohort study was conducted from March 2019 to December 2020.The study
enrolled patients for elective or con�ned orthopedic surgery if they were over the age of 75 years old. All
patients were enrolled and treated with help from a multidisciplinary team. A structured CGA was
conducted to identify high-risk elderly patients and to facilitate coordinated multidisciplinary team care
by a geriatric team. The basic patient characteristics and CGA results were collected in addition to
postoperative complication and mortality rates. Multivariate logistic regression analysis was used to
identify risk factors for postoperative complications.

Results: A total of 214 patients with an age of 81.07 ± 4.78 (range, 75–100) years were prospectively
enrolled in this study. In total, 66 (30.8%) complications were registered, including one death from
myocardial infarction (mortality rate, 0.5%). Poor ADL and IADL were accompanied by frailty, worse
American Society of Anesthesiologists (ASA) score, visual analogue scale score, and nutritional status.
Poor ADL was also associated with higher risks of falling, polypharmacy, and cardiac and respiration
complications. Poor IADL was associated with higher risk of cardiac and respiration complications.
Higher stroke risk was accompanied by higher risks of cardiac complications, delirium, and hemorrhage.
Worse ASA scale was associated with worse ADL, IADL, and frailty, and higher delirium risk. Multivariate
logistic regression analysis showed that spinal fusion (odds ratio [OR], 0.73; 95% con�dence interval [CI],
0.65 to 0.83; p = 0.0214), blood loss(OR, 1.68; 95% CI, 1.31 to 2.01; p = 0.0168), ADL (severe dysfunction
or worse) (OR, 1.45; 95% CI, 1.16 to 1.81; p = 0.0413), IADL (serious dependence) (OR, 1.08; 95% CI, 1.33
to 1.63; p = 0.0436), renal function (CKD ≥ stage 3a) (OR, 2.01; 95% CI, 1.54 to 2.55; p = 0.0133), and
malnutrition(OR, 2.11; 95% CI, 1.74 to 2.56; p = 0.0101) were independent risk factors for postoperative
complications. All P <0.05.

Conclusion: Spinal fusion, blood loss, ADL (severe dysfunction or worse), IADL (serious dependence),
renal function (CKD ≥ stage 3a) and nutrition MNA (malnourished) were independent risk factors of
postoperative complications following orthopaedic surgery in elderly patients.

Background
Based on statistics from United States Census Bureau [1], the world’s population aged 65 years and over
is predicted to reach 1.6 billion by the year 2050. In China, the population aged 65 years and over is
projected to reach 500 million by the year 2050 according to the statistics of the sixth population census
published by the National Bureau of Statistics [2]. With the worldwide increase in the aged population, a
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concurrent increase in the demand for surgical procedures and total expenditure for Medicare is also
expected to rise [3–4]. As part of that overall surge in cost, orthopedic surgeons will face unique
challenges in caring for this aging patient population.

Older individuals often have multiple chronic illnesses that limit their functional capacity and recovery [5].
Moreover, non-disease-associated problems, such as frailty, polypharmacy, decreased functional
dependence, poor nutritional status, and cognitive decline may also complicate surgical procedures and
postoperative recovery [6–7]. Despite the advances in surgical and anesthetic techniques, perioperative
complications and mortality of geriatric patients are relatively higher [8–10]. In order to provide optimal
care for the older surgical patient, a thorough assessment of the individual’s health status and a plan of
care during the perioperative period are essential to identify and address de�cits.

Comprehensive geriatric assessment (CGA) is a multidimensional interdisciplinary diagnostic process to
determine the medical, psychosocial, and functional capabilities of a frail elderly person in order to
develop a coordinated and integrated plan to maximize overall health with aging [11–12]. As the gold
standard for in-hospital care of older patients, the effectiveness of CGA has been con�rmed by many
studies [13–14]. Despite the bene�ts of current CGA, there are some limitations. First, there is no
universally accepted standardization in the assessment. The focused domains and assessment tools can
differ among studies [15–17]. Second, there is still uncertainty about identifying and targeting suitable
patients who are most likely to bene�t from CGA [13, 18].

Based on these considerations, the China’s National Center for Clinical Medicine of Geriatric Diseases
assembled a 23-member multidisciplinary panel from 10 domains. After one year, a novel CGA tool was
established based on a focused and structured literature review. This new CGA tool consists of two parts:
primary screening and multidisciplinary assessment. Multidisciplinary assessment included 21 speci�c
forms covering activities of daily living, nutritional status, cardiac function, pulmonary function, renal
function, hepatic function, frailty, cognition, depression, delirium, medications, and endocrine levels. The
aim of this study was to evaluate the geriatric conditions of elderly patients undergoing orthopedic
surgery from a broad view and to identify any potential risk factors for postoperative complications.

Methods
The protocol of this prospective study conducted from March 2019 to December 2020 was approved by
the regional medical ethics committee and registered in Chinese clinical trial registry
(ChiCTR1800020363). The inclusion criteria were: 1) aged ≥ 75 years with an expected preoperative time
of ≥ 2 days, and 2) patients scheduled for elective or con�ned orthopedic surgery. Exclusion criteria were
emergency surgery, day surgery, and surgery under local anesthesia. All patients provided informed
consent before surgery.

CGA
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All patients were enrolled and treated with help from a perioperative multidisciplinary team. Preparing
patients for orthopedics surgery were seen in the orthopedics department for one-station
interprofessional perioperative evaluation and care coordination. The multidisciplinary team consisting of
geriatricians, nurse specialists, dietitians, pharmacists, and physicians from the departments of
cardiology, anesthesiology, neurology, respiratory, nephrology, gastroenterology, and endocrinology. All
members of the multidisciplinary team had more than 5 years of clinical experience. Preoperative
multidisciplinary evaluation will be completed within 48 hours after the patient is admitted to hospital, the
multidisciplinary team offered recommendations for risk-reducing strategies in the preoperative and
postoperative periods by Aged Patient Perioperative Longitudinal Evaluation-Multidisciplinary Decision-
Making System (APPLE-MDT) [19]. To facilitate implementation of recommendations made before
surgery, the multidisciplinary team collaborated with the surgical teams conduct preoperative
optimization. In the postoperative period, the multidisciplinary team followed patients conduct evaluation
complications and provide rehabilitation guidance before discharge.

Data collection and outcome measures
All clinical data were prospectively collected by a doctor and a nurse independent of this study. In this
study, data consisted of two parts: primary screening and multidisciplinary assessment.

Primary screening included patient characteristics, routine blood tests, nutrition, electrolyte, blood
glucose, coagulation index, and stress echocardiography, electrocardiogram, pulmonary function tests,
transcranial color doppler, deep vein ultrasound of lower extremity. Multidisciplinary assessment was
conducted with the use of speci�c assessment forms. Functional status was determined based on
Activities of Daily Living (ADL) [20] and Instrumental Activities of Daily Living (IADL) [21]. Nutritional
status was evaluated using the mini nutritional assessment (MNA) [22], pain using the visual analogue
scale (VAS) [23], renal function using the chronic kidney disease (CKD) stage classi�cation [24], liver
function using the modi�ed Child–Pugh classi�cation [25], respiratory function using the Arozullah
postoperative respiratory failure risk score [26], thrombus risk evaluation using the Caprin score [27],
cardiac risk evaluation using Lee’s revised cardiac risk index [28], anesthesia risk using the American
Society of Anesthesiologists (ASA) scale [29], cognitive function using the Montreal Cognitive
Assessment [30], anxiety using the Zung self-rating anxiety scale [31], depression evaluation using the
Geriatric Depression Scale [32], and stroke risk using the Revised Framingham Stroke Risk Pro�le and the
Essen Stroke Risk Score [33–34]. Perioperative risks of massive hemorrhage, falling, delirium, and
polypharmacy were also evaluated.

Postoperative complications or mortality were de�ned as complications or death within 30 days after
surgery [20].

Statistical analysis
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Continuous variables are presented as the mean ± standard deviation (SD) and analyzed with the
independent-sample t-test. Categorical variables are presented as percentages and analyzed with the chi-
square test. Spearman correlation analysis was used to analyze the association among different CGA
domains. Multivariate logistic regression analysis was used to identify risk factors for postoperative
complications. A probability (p) value of < 0.05 was considered statistically signi�cant. All statistical
analyses were performed using SPSS software (version 18.0; SPSS Inc., Chicago, IL, USA).

Results
From March 2019 to December 2020, eight patients were excluded during the primary screening process.
A total of 214 patients with an average age of 81.07 ± 4.78 (range, 75–100) years were included for
analysis. The demographic and clinical characteristics of all patients are listed in Table 1. Of all patients,
112 (52.3%) underwent spinal fusion, 54 (25.2%) had total knee replacement, and 48 (22.4%) had total
hip replacement. The most common comorbidity was hypertension, which was present preoperatively in
65.4% of the patients. Other common comorbidities were diabetes (24.8%), coronary heart disease
(21.5%), cerebral infarction (14.3%), arrhythmia (6.3%), renal insu�ciency (3.1%), and chronic obstructive
pulmonary disease (3.5%). In addition, 26.6% of the patients had one comorbidity, 23.8% had two, 21%
had three, 11.7% had more than three, and 16.8% had none. The mean number of comorbidities was 2.5
per patient (SD, 1.7).
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Table 1
Patient Demographic and Clinical Characteristics

  Patients (N = 214)

Characteristic No. %

Age, mean ± SD, y 81.07 ± 4.78

Male sex 72 33.6

BMI, mean ± SD 25.09 ± 4.17

Smoking (yes/no) 22 10.3

Alcohol (yes/no) 16 7.5

Comorbidities  

0 36 16.8

1 56 26.2

2 51 23.8

3 45 21

>3 26 12.1

ASA scale  

2 39 18.2

3 163 76.2

4 12 5.6

Type of surgery  

-Spinal fusion 112 52.3

-Total knee replacement 54 25.2

-Total hip replacement 48 22.4

Surgical duration, mean ± SD, min 151.50 ± 86.74

Blood loss, mean ± SD, ml 285.53 ± 316.34

Abbreviations:

ASA, American Society of Anesthesiologists; BMI, body mass index; SD, standard deviation.

 

Postoperative outcomes and complications
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One patient died of myocardial infarction 7 days after surgery, resulting in a mortality rate of 0.5%. A total
number of 66 (30.8%) complications were registered. Implant-related complications are not discussed in
this article. The most frequent postoperative complications were hypoproteinemia (albumin ≤ 30 g/L)
(9.8%), followed by wound infection (3.7%), pneumonia (2.8%), urinary tract infection (2.3%), delirium
(1.9%), transient arrhythmia (1.4%), pressure sores (1.4%), cerebral infarction (1.4%), myocardial
infarction (1.4%), ileus (0.9%), gastrointestinal tract bleeding (0.9%), respiratory failure (0.9%), deep vein
thrombosis (0.5%), cardiac failure (0.5%), and pulmonary embolus (0.5%). The mean hospital stay was
13.45 ± 7.46 days.

Comparisons of demographic and clinical characteristics between patients with and without
complications are shown in Table 2. Patients undergoing spinal fusion and those with more blood loss
tended to have higher risks of postoperative complications (p ≤ 0.002).
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Table 2
Comparisons of Demographic and Clinical Characteristics between Patients with and

without Complications
Characteristic With complications

(n = 66)

Without complications

(n = 148)

p

Mean age 80.94 ± 4.57 81.14 ± 5.14 0.741

Male sex (n/%) 18 (27.3%) 54 (36.5%) 0.188

BMI 24.83 ± 4.48 25.21 ± 3.97 0.684

Smoking (yes/%) 10 (15.2%) 12 (8.1%) 0.117

Alcohol (yes/%) 7 (10.6%) 9 (6.1%) 0.245

Comorbidities     0.360

no 10 26

1 13 43

2 15 36

3 17 28

>3 11 15

ASA scale     0.289

2 13 26

3 47 116

4 6 6

Type of surgery     < 0.001 *

-Spinal fusion 44 68

-Total knee replacement 5 49

-Total hip replacement 17 31

Surgical duration (min) 160.46 ± 91.62 147.72 ± 81.60 0.475

Blood loss (ml) 438.65 ± 479.14 217.24 ± 252.75 0.002 *

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index.

*Signi�cant differences between groups.
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Preoperative CGA results
All patients received a thorough CGA with multidisciplinary assessment completed within 48 h. About
63.1% of all patients had moderate or severe pain before surgery, 28.5% had severe or extremely severe
dysfunction and were seriously dependent before surgery, 66.4% were frail, and 14% were malnourished
before surgery. Most patients had satisfactory perioperative blood glucose control (89.25%) and normal
thyroid function (86.92%). Renal function was stage 3a or worse in 101 (47.2%) patients, while 93.93%
had normal liver function, as determined with the modi�ed Child–Pugh classi�cation.

Overall, 75 patients (35.05%) were at high risk for cardiac complications, 196 (91.59%) were at extremely
high risk for thrombus, 176 patients (82.24%) had a high risk of massive hemorrhage. Respiration risk
distributions were 0.5% (49 patients, 22.89%), 1.8% (88 patients, 41.12%), 4.2% (68 patients, 31.78%), and
10.1% (9 patients, 4.21%). In addition, the risk of stroke was high in 42 patients (19.63%), delirium in 16
(7.48%), falling in 11 (5.14%), and polypharmacy in 160 (74.77%).

Mild cognitive impairment was identi�ed in 113 patients (52.8%). Five patients (2.34%) had anxiety and 5
(2.34%) had depression before surgery. The distribution of perioperative ASA scale was: grade II (42
patients, 19.63%), grade III (156 patients, 72.9%), and grade IV (16 patients, 7.47%).

Spearman correlation analysis was used to analyze the association among different evaluation items.
Poor ADL and IADL were accompanied by frailty and worse ASA, VAS, and nutritional status. Poor ADL
was also associated with higher risks of falling, polypharmacy, cardiac complications, and respiration
complications. Poor IADL was associated with higher risks of cardiac and respiration complications.
Higher stroke risk was accompanied with higher risks of cardiac complications, delirium, and
hemorrhage. A poor ASA score was associated with worse ADL, IADL, frailty, and higher delirium risk.
Other associations of CGA results are shown in a correlation matrix presented in Table 3.

Univariate Analysis of Potential Risk Factors Related to Complications

The associations between postoperative complications and domains of the CGA are listed in Table 4
(other domains are listed in supplementary �le). Univariate analysis showed that six domains were
signi�cantly associated with postoperative complications. Patients with dependent ADL, dependent IADL,
worse renal function, worse nutritional status, cognitive impairment, and low ASA scores tended to have
higher risk of postoperative complications (p ≤ 0.0442).
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Table 4
Univariate Analysis of Preoperative CGA Related to Postoperative Complications

  Number (with any complication, %) pa

ADL   0.0296 b

independent 21(19.0%)

mild dysfunction 58(23.7%)

moderate dysfunction 75(28.4%)

severe dysfunction 45(39.5%)

extremely severe dysfunction 15(58.8%)

IADL   0.0354 b

normal 34(17.6%)

mild dependence 39(25.6%)

moderate dependence 80(28.8%)

serious dependence 61(44.3%)

Nutrition (MNA)   0.0442 b

normal 114(23.7%)

at risk of malnutrition 70(37.1%)

malnourished 30(43.3%)

Cognitive impairment   0.0052 b

no impairment 101(19.8%)

mild impairment 113(40.7%)

Renal function   0.0134 b

normal 7(0%)

stage 1 22(22.7%)

stage 2 84(23.8%)

stage 3a 69(44.9%)

Abbreviations: ADL, Activities of Daily Living; ASA, American Society of Anesthesiologists; IADL,
Instrumental Activities of Daily Living; MNA, Mini nutritional assessment; VAS, visual analogue scale; .

aKruskal–Wallis test.

bSigni�cant differences among groups.
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  Number (with any complication, %) pa

stage 3b 26(38.5%)

stage 4 4(0%)

stage 5 2(0%)

ASA score   0.0376 b

grade II 39(16.7%)

grade III 163(35.3%)

grade IV 12(25.0%)

Abbreviations: ADL, Activities of Daily Living; ASA, American Society of Anesthesiologists; IADL,
Instrumental Activities of Daily Living; MNA, Mini nutritional assessment; VAS, visual analogue scale; .

aKruskal–Wallis test.

bSigni�cant differences among groups.

 

Multivariate Analysis of Signi�cant Univariate Factors

Eight potential risk factors (i.e., type of surgery, blood loss, ADL, IADL, nutritional status, renal function,
ASA score, and cognitive impairment) were included for logistic regression analysis. Multivariate analysis
showed that spinal fusion (odds ratio [OR], 0.73; 95% con�dence interval [CI], 0.65 to 0.83; p = 0.0214),
blood loss (OR, 1.68; 95% CI, 1.31 to 2.01; p = 0.0168), ADL (severe dysfunction or worse) (OR, 1.45; 95%
CI, 1.16 to 1.81; p = 0.0413), IADL (serious dependence) (OR, 1.08; 95% CI, 1.33 to 1.63; p = 0.0436), renal
function (CKD ≥ stage 3a) (OR, 2.01; 95% CI, 1.54 to 2.55; p = 0.0133), and malnutrition (MNA) (OR, 2.11;
95% CI, 1.74 to 2.56; p = 0.0101) were independent risk factors for postoperative complications (Fig. 1).

Discussion
As the population continues to age, the demand for surgical services perioperative care will signi�cantly
increase. Surgical decisions for elderly, frailer patients require not only �tness for the procedure itself, but
also the consideration of other factors, such as comorbidities, disability, cognitive impairment, and
nutritional status. Many studies have described proactive and coordinated multidisciplinary assessment
for elderly patients undergoing surgery [35–37]. However, these studies employed limited evaluation
domains and few have focused on elective orthopedic surgery, especially spine surgery.

In this study, a novel CGA preoperative assessment was adopted that incorporated 21 speci�c forms from
10 domains. A thorough manifestation of geriatric conditions was shown in this study. Most patients in
this cohort study underwent elective surgery with the aim of improving the quality of life, which explains
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the high prevalence of severe pain and dependence in daily life. One characteristic of the aging body is a
reduction of physiological reserve, or frailty. More than 66% of all patients in this study were frail, which
was higher than those reported in Fried’s study [38]. Their patients were younger with less pain and
dysfunction, which may have in�uenced the results. Kaiser et al. [39] reported that the prevalence of
malnutrition among the elderly was 22.8%, with considerable differences between the settings studied
(rehabilitation, 50.5%; hospital, 38.7%; nursing home, 13.8%; community, 5.8%). The proportion of
malnutrition in this study was merely 14%, much lower than in the general elderly population. As a
possible explanation, most patients who successfully underwent elective orthopedic surgery had a higher
average life expectancy before surgery and were more likely to eat and live healthy. The prevalence of
cognitive impairment among those aged ≥ 71 years in the United States in 2002 was reportedly 22.3%
[40]. In China, an estimated 20% of the population older than 55 years reportedly have cognitive
impairment [41]. The prevalence of cognitive impairment reported in this study was higher than in a
population of healthy older adults, but lower than elderly patients undergoing surgery for spinal
deformities [42].

Though numerous studies have described preoperative CGA results, few have examined the inner
relationships among different evaluation items. In this study, we established a correlation matrix of CGA
results using Spearman correlation analysis. As shown in Table 4, poor ADL and IADL were accompanied
by frailty and worse ASA, VAS, and nutritional status. Higher stroke risk was accompanied with higher
risks for cardiac complications, delirium, and hemorrhage. Worse ASA scores were associated with worse
ADL and IADL, as well as frailty and higher delirium risk. Moreover, the cumulative effect of evaluation
results should be interpreted with caution. Makary et al. [43] found that frailty was a better predictor of
outcomes when combined with other evaluation forms. So, before surgery or intervention management, it
is necessary to make sure that all preoperative evaluation results are handled as a whole.

The overall mortality and complication rates in this study were 0.5% and 30.8%, respectively. The
mortality rate was relatively lower, while the complication rate was consistent with other similar studies.
In a retrospective study of consecutive elderly patients undergoing noncardiac surgery, the postoperative
mortality and adverse outcomes rates were 4.6% and 25%, respectively [6]. In the Surgical Quality
Improvement Program database of the American College of Surgeons National, including standardized
preoperative, intraoperative, and 30-day postoperative data points, the morbidity and mortality rates of a
total of 7,696 surgical procedures were 28% and 2.3%, respectively [7].

The purpose of preoperative assessment is to identify patients with an elevated risk for poor surgical
outcomes. Age, by itself, does not increase surgical risk; rather, the increased prevalence of chronic
disease and the deterioration of the organ function associated with aging might increase the risk of
postoperative complications. In this study, four CGA domains (i.e., ADL, IADL, renal function, and
nutritional status) were signi�cantly associated with increased risks of postoperative complications.

Functional status is known to be a signi�cant predictor of postoperative outcomes. Arozullah et al. [44]
found that poor functional status was a risk factor for postoperative pneumonia. In a prospective case-
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controlled study of 509 patients, Chen et al. [45] found that the need for assistance with three or more
ADLs is an independent risk factor for surgical infection. In this study, ADL (with severe dysfunction or
worse) and IADL (serious dependence) were signi�cant independent risk factors for postoperative
complications. Poor functional status has also been reported to be associated with nursing home
placement [46]. Since assessment of functional status can be performed even in a busy preoperative
setting to obtain valuable information, it should be routinely included in the preoperative assessment.
Nutritional status is extremely important for elderly patients undergoing surgery. Multiple scoring systems
have been developed to assess nutritional status, which include subjective global assessment, the
Nutritional Risk Index, the MNA-short form, and the Maastricht Index. The European Society for Clinical
Nutrition and Metabolism advocates the use of the MNA as a screening tool, while members of the
American Society for Parenteral and Enteral Nutrition do not recommend any one screening tool over
another [47]. No matter which tool is chosen, malnutrition is believed to be associated with postoperative
complications, especially severe infection [48–49]. As reported in previous studies, the severity of renal
disease is associated with higher rates of postoperative complications, especially those patients with
end-stage renal disease requiring hemodialysis [50–51]. The use of a large nationwide database to
compare outcomes between renal transplant and dialysis patients with diabetes after total hip
arthroplasty found that renal dialysis was associated with increased risk of complication within 30 days
after surgery [52]. Lieberman et al. [53] reported a deep infection rate of 19% and revision rate of 38%
among dialysis-dependent patients as opposed to rates of 3% and 10% in patients with a renal transplant
in a retrospective study. In this study, renal function with CKD ≥ stage 3a was found to be independently
associated with increased risk of postoperative complications.

There were several limitations to this study. First, the number of patients was relatively small, which may
have caused statistical bias. Second, emergency surgery was excluded because of the lack of time to
perform CGA in clinical practice. However, almost all spinal surgeries and total knee replacements were
elective procedures. Third, because of the small number of patients, we were unable to establish a
connection between speci�c postoperative complications and the preoperative CGA results.

Conclusion
The results of this study will allow orthopedic surgeons to better counsel their patients on the risks of
postoperative complication. Spinal fusion, blood loss, ADL (severe dysfunction or worse), IADL (serious
dependence), renal function (CKD ≥ stage 3a), and nutritional status (MNA, malnourished) were
independent risk factors for postoperative complications in elderly patients following orthopedic surgery.
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