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Purpose: To determine the association between frailty and postoperative complications in
elderly Chinese patients and to determine whether addition of frailty assessment improves the
predictive ability of the American Society of Anesthesiologists (ASA) score, Physiological and
Operative Severity Score for the Enumeration of Mortality and Morbidity (POSSUM), and
Estimation of Physiologic Ability and Surgical Stress (E-PASS) score.

Patients and methods: A prospective cohort study was conducted in a tertiary hospital.
Elderly patients undergoing major thoracic or abdominal surgery were included. Frailty
phenotype and ASA, POSSUM, and E-PASS scores were assessed. Demographic, preopera-
tive, and surgical variables were extracted from medical records. Primary outcome measure
was in-hospital Clavien-Dindo > grade II complications. Multiple logistic regression was
used to examine the association between frailty and complications. Receiver operating
characteristic curves were used to explore the predictive ability of frailty.

Results: Prevalence of frailty was 26.12%. Significant differences were observed between
the frail and non-frail groups with respect to age, Activities of Daily Living, Charlson
Comorbidity Index, respiratory function, presence of malignancy, serum albumin, prealbu-
min, and hemoglobin levels (P<0.05). ASA, POSSUM, and E-PASS scores were higher in
the frail group. After adjusting for all covariates, frailty was significantly associated with
postoperative complications in hospital [odds ratio: 16.59, 95% CI: 4.56-60.40, P<0.001].
The area under the curve (AUC) for frailty was 0.762 (95% CI: 0.703—0.814). The AUC for
ASA, POSSUM, and E-PASS for prediction of complications was 0.751 (95% CI:
0.692-0.804), 0.762 (95% CI: 0.704-0.814), and 0.824 (95% CI: 0.771-0.870), respectively.
Addition of frailty assessment increased the AUC to 0.858 (95% CI: 0.808-0.899), 0.842
(95% CI: 0.790-0.885), and 0.854 (95% CI: 0.803-0.896), respectively.

Conclusion: Frailty is an effective predictor of postoperative complications in elderly
Chinese patients undergoing major thoracic and abdominal surgery. Frailty assessment can
improve the predictive ability of current surgical risk assessment tools. Frailty phenotype
should be considered perioperatively. Frailty assessment could also expand the scope for
nurses to evaluate patients for safety management.
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Introduction

Owing to population aging, the proportion of surgeries involving elderly patients has
shown an increasing trend. More than 40% of the patients who undergo surgery in the
United States are older than 65 years." A retrospective study by Kumar showed that
thoracic and abdominal surgery account for 54.8% of all surgeries among the elderly in
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China.” The incidence of adverse postoperative outcomes
among older patients is greater than that among younger
patients owing to the age-related structural and functional
impairment.> The reported incidence rates of postoperative
complications among elderly patients undergoing thoracic
and abdominal surgery range from 12% to 47% and from
13% to 39%, respectively.** Therefore, comprehensive pre-
operative risk assessment is imperative for older patients
undergoing major thoracic or abdominal surgery. Effective
assessment tools can help shorten the hospital stay, reduce
adverse outcomes, and minimize the medical costs.®

Currently, several tools, such as the American Society of
Anesthesiologists (ASA) Physical Status Classification
System, the Physiological and Operative Severity Score for
the Enumeration of Mortality and Morbidity (POSSUM),
and Estimation of Physiologic Ability and Surgical Stress
(E-PASS), are widely applied for preoperative risk assess-
ment in Asia. However, some of these tools arerelatively
complex; in addition, most of these tools are not tailored to
the specific characteristics of the elderly patients.”*” Several
studies have shown that the inclusion of frailty assessment as
part of risk assessment may improve the accuracy of surgical
risk prediction in the elderly.'®!! Frailty is a modern concept
in geriatric medicine, it is a medical syndrome characterized
by decreased strength and endurance and diminished func-
tional reserve of multiple organ systems, which increases an
individual’s susceptibility to disability and death.'® Frail
elderly individuals are more likely to experience adverse
surgical outcomes.

Numerous studies have shown that frailty is strongly
associated with adverse postoperative outcomes, pro-
longed length of hospital stay, and disability in older
patients.'>'*!51¢ However, to the best of our knowl-
edge, limited research has been conducted on frailty in
Asian settings. Thus, the association between frailty and
postoperative complications among elderly Chinese
patients undergoing major thoracic and abdominal sur-
gery is not well characterized. In addition, the effect of
incorporation of frailty assessment in the currently used
preoperative risk assessment tools on their respective
predictive ability has not been investigated. Hence, the
purpose of this study was to explore the association
between frailty and postoperative complications after
major thoracic and abdominal surgery. The frailty phe-
notype was used in this study to investigate (1) the
association between frailty and complications after
major thoracic and abdominal surgery in Chinese older
patients and (2) the effect of the addition of frailty

assessment to ASA, POSSUM, and E-PASS scores on
their respective predictive ability.

Material and methods
Study design and participants

This was a prospective cohort study of a convenience
sample of patients undergoing thoracic and abdominal
operations at a tertiary hospital between November 2016
and November 2017. The inclusion criteria were as
follows: (1) patients aged >60 years undergoing thoracic
and abdominal surgery; (2) patients with stable disease
status; (3) willingness to participate in this study.
Patients suffering from hypothyroidism, Parkinson’s dis-
ease, or previous stroke, and those with similar debili-
tating symptoms due to treatment with carbidopa/
levodopa, donepezil, or antidepressants were excluded.
Patients with severe cognitive impairment or mental ill-
ness, those who were bedridden for a long time, those
who were completely incapable of participation, or those
who were unable to undergo frailty assessment were
also excluded.

The data collection and the measurement of frailty
were completed by trained nurses. The postoperative com-
plications during the hospital stay were determined and
recorded by clinicians who were not aware of the patients’
frailty status. All researchers received training prior to the
start of the study. All data were reviewed for quality and
consistency. This study was conducted with the permission
of the Ethics Committee of the Xuanwu hospital, Capital
Medical University. Written
obtained from all patients prior to their enrolment. Data

informed consent was

were analyzed anonymously.

Frailty assessment
In this study, a trained nurse performed frailty assessment
using the definition of the frailty phenotype based on the

following five criteria.'®!%!5:1¢

e Shrinking: unintentional weight loss of >5% in the
past year.

e Weakness: based on maximum grip strength of the
patient’s good hand.

e Self-reported fatigue: based on two self-reported
items of the Center for Epidemiological Studies
Depression Scale (CES-D): “I felt everything I did
was an effort” and “I could not get going”.

¢ Slowness: based on walking 15 feet at normal speed.
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e Low physical activity: based on the International
Physical Activity Questionnaire [<600 Metabolic
Equivalent (MET): minutes over the last week was
used to represent low activity level].

Participants can be divided into the following groups: (1)
frail if they meet >3 criteria, (2) pre-frail if they meet 1-2
criteria, and (3) robust if they meet none of the criteria.!”'®
However, in this study, the pre-frail and robust groups were

combined and collectively referred to as non-frail.

Risk assessment tools

An anesthesiologist and a clinician who were not aware of
the patients’ frailty status performed preoperative risk
assessment using the ASA, POSSUM, and E-PASS tools.
ASA is used to classify the risk of surgery into 1-6 grades
according to the physiological state. POSSUM includes 12
physiological variables and 6 surgical severity variables, to
calculate the predicted complication rate (R); the follow-
ing formula is used to calculate the probability of post-
InR/(1-R)=—5.91+(0.16xtotal
physiological scores)+(0.19x%total surgical severity scores).

operative complications:
E-PASS involves 6 preoperative risk variables and 3 sur-
gical risk variables to calculate preoperative risk score
(PRS), surgical stress score (SSS), and comprehensive
risk score (CRS). The formula for CRS (based on PRS
and SSS) is as follows: CRS=-0.328+0.936xPRS
+0.976xSSS. The higher the CRS value, the greater is
the risk of postoperative complications.

Covariates

Data pertaining to the following potential confounding
factors were obtained to determine whether frailty was
an independent risk factor for postoperative complica-
tions: (1) demographics: age, gender, education level,
current smoking and consumption of alcohol status,
body mass index (BMI), Activities of Daily Living
(ADL), and Charlson Comorbidity Index (CCI); (2) pre-
operative physiological variables: cardiac function, elec-
(ECQG)
presence of malignancy, blood pressure, and heart rate;

trocardiogram status, respiratory function,
(3) preoperative laboratory variables: serum albumin,
prealbumin, hemoglobin, white blood cell count, serum
urea, creatinine, sodium and potassium levels; and (4)
surgical variables: type of surgery, multiple procedures
within 30 days, duration of surgery, total blood loss, and
abdominal contamination. These data were extracted

from the electronic medical records. Data pertaining to

demographic characteristics were collected within 24 hr
after hospitalization, while those pertaining to preopera-
tive physiological and laboratory variables were col-
lected within 24 hr before surgery; data pertaining to
surgical variables were obtained within 24 hr after
surgery.

Outcomes

The outcome measure in this study was in-hospital >grade
II postoperative complications, according to the Clavien—
Dindo classification standard. The Clavien—Dindo classifi-
cation standard is a widely applied and validated system
This
scoring system classifies complications into 5 classes

. . . 19
for assessment of postoperative complications.

based on the level of intervention required for treatment
of complications. Patients with multiple-grade complica-
tions were classified according to the highest-grade com-
plication. The complications were determined and
recorded by a clinician who was not aware of the frailty

status of the patients.

Statistical analysis

All statistical analyses were performed using SPSS version
22.0 (IBM Corporation, Armonk, NY, USA) and MedCalc
software version 17.11.5 (MedCalc Software, Ostend,
Belgium). Data pertaining to continuous variables are pre-
sented as meantstandard deviation or as median and inter-
quartile range (IQR), and the between-group differences
assessed using the independent-sample f-test or Mann—
Whitney U test. Categorical variables are presented as per-
centages, and the between-group differences assessed using
the chi-squared test or Fisher’s exact test. Univariate and
multiple logistic regression were used to explore the associa-
tion between frailty and adverse outcomes. OR and 95% CI
are reported. Furthermore, receiver operating characteristic
(ROC) curve analysis was performed to assess the potential
predictive ability of frailty assessment. The Hosmer—
Lemeshow goodness-of-fit chi-square test and R* were used
to assess the model fit. The area under the ROC curve (AUC)
was used to reflect the predictive ability. The z test was used
to compare the AUC of different models. P<0.05 was con-
sidered statistically significant.

Results

Baseline characteristics
We assessed 344 Chinese older patients undergoing major
thoracic and abdominal surgery. Of these, 245 patients
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qualified the inclusion criteria and were enrolled in the
study. The mean age of patients was 67.5+6.4 years; males
accounted for 50.6% of patients. The prevalence of frailty
in the study population was 26.12%. Significant differ-
ences were observed between the frail and non-frail groups
with respect to age, CCI, ADL, respiratory function, pre-
sence of malignancy, albumin, prealbumin, and hemoglo-
bin level (P<0.05 for all). ASA, POSSUM, and E-PASS
scores were also significantly different between the frail
and non-frail groups (P<0.05) (Table 1).

Frailty and in-hospital postoperative

complications

Among the 245 patients who were included in the final
analysis, 25.71% (63/245) had postoperative complica-
tions. The number of patients with grade II, III, and
grade IV complications was 52, 7, and 3, respectively; 1
patient died in the postoperative period. The incidence of
complications in the frail and non-frail groups was 59.38%
(38/64) and 13.81% (25/181), respectively; the between-
group difference in this respect was statistically significant
(P<0.001) (Table S1).

Stratified analysis was performed to clarify the associa-
tion between frailty and postoperative complications. CClI,
BMI, hemoglobin, albumin, prealbumin, surgery duration,
respiratory function, and presence of malignancy were
used as stratification factors. CCI was divided according
to quartiles, while other variables were categorized accord-
ing to clinically significant cutoff values. The results
showed that the differences between the two frailty cate-
gories among all the groups were statistically significant
(P<0.05) (Table 2).

Univariate logistic analysis showed that the frailty
phenotype was associated with postoperative complica-
tions (OR=9.12, 95% CI: 4.74-17.53) (Table S2).
Multiple logistic regression analysis was performed to
adjust for potential confounding variables. Model 1
was adjusted for age and gender; Model II was
adjusted for current smoking status, BMI, CCI, ADL,
respiratory function, ECG, presence of malignancy,
heart rate, albumin, prealbumin, hemoglobin, serum
sodium, surgery duration, total blood loss, and multiple
procedures within 30 days; Model III was adjusted for
all covariates. On multiple regression analysis, frailty
was found to be a significant predictor of postoperative
complications (Table 3). The consistency of the regres-
sion results also reflected the robustness of this result.

Predictive ability of frailty

The AUC for frailty was 0.762 (95% CI: 0.703-0.814).
ASA, POSSUM, and E-PASS scores effectively predicted
the occurrence of postoperative complications [AUC:
0.751 (95% CI: 0.692-0.804), 0.762 (95% CI:
0.704-0.814), and 0.824 (95% CI: 0.771-0.870), respec-
tively]. Addition of the frailty assessment improved the
predictive ability of ASA, POSSUM, and E-PASS scores
for postoperative complications, with the AUC rising to
0.858 (95% CI: 0.808-0.899), 0.842 (95% CI:
0.790-0.885), and 0.854 (95% CI: 0.803-0.896), respec-
tively (Figure 1). Simultaneously, the model fitting results
after addition of frailty assessment to the ASA, POSSUM,
and E-PASS scores were better than those for the surgical
risk assessment scores alone (Table 4).

Discussion

In this study, we explored the association between frailty and
postoperative complications after major thoracic and abdo-
minalsurgery in Chinese older patients, in addition, we
assessed the effect of the addition of frailty assessment on
the predictive ability of the ASA, POSSUM, and E-PASS
scores. We found that frailty was a significant predictor of
postoperative complications; in addition, frailty assessment
showed a moderate predictive ability for postoperative com-
plications. Our results suggest that the addition of frailty
assessment to ASA, POSSUM, and E-PASS scores may
improve the predictive ability of these tools.

In the present study, the prevalence of frailty among
older Chinese patients undergoing major thoracic and
abdominal surgery (26.12%) was comparable to that
reported by Hewittet al (28%).>° However, this prevalence
is higher than that reported among community-dwelling
older people in China (range, 7.4%-14.2%).2'** The
increased prevalence in the current study reflects the dif-
ferent study population; hospitalized elderly patients tend
to have decreased functional reserve and decreased the
ability to deal with disease-related stress, and patients
with concurrent thoracic and abdominal diseases are at
a higher risk of poor nutritional status.”> Therefore, the
patients were more likely to be frail.

In this study, frailty was an independent predictor of
postoperative complications in elderly Chinese patients
undergoing major thoracic and abdominal surgery
(OR=16.59, 95% CI: 4.56-60.40, P<0.001), and the
results of the stratified analysis were consistent with this
finding. Frailty assessment may be advantageous in
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Table 1 Comparison of baseline characteristics between frail and non-frail participants

Characteristic Overall (N=245) Non-frail (N=181) Frail (N=64) P-value
Demographic
Age, meanzSD (years) 67.5+6.4 66.4+5.5 70.7£7.5 <0.001
Male, n (%) 124 (50.6) 93 (51.4) 31 (48.4) 0.686
Education, n (%) 0.639

llliterate 29 (11.8) 21 (11.6) 8 (12.5)

Elementary school 27 (11.0) 18 (9.9) 9 (14.1)

Junior/senior high school 148 (60.4) 109 (60.2) 39 (60.9)

Undergraduate 41 (16.7) 33 (18.3) 8 (12.5)
Type of surgery, n (%) 0.294

Abdominal 121 (49.4) 93 (51.4) 28 (43.8)

Thoracic 124 (50.6) 88 (48.6) 36 (56.2)
Presence of malignancy, n (%) 0.007

None 134 (54.7) 109 (60.2) 25 (39.1)

Primary only 90 (36.7) 56 (30.9) 34 (53.1)

Metastases 21 (8.6) 16 (8.9) 5(7.8)
Current smoker, n (%) 56 (22.9) 40 (22.1) 16 (25.0) 0.635
Current drinker, n (%) 50 (20.4) 39 (21.5) 11 (17.2) 0.457
BMI, mean+SD 24433 24.7+3.0 23.6+3.7 0.02
CCl, meanSD 2.1£1.8 1.9+1.8 2.7£1.7 0.0085
ADL, meantSD 95.7+8.4 97.5+6.4 90.7£11.1 <0.001
Preoperative variables
Normal cardiac function, n (%) 138 (56.3) 107 (59.1) 31 (484) 0.139
Normal respiratory function, n (%) 199 (81.2) 153 (84.5) 46 (71.9) 0.035
Normal electrocardiogram, n (%) 164 (66.9) 126 (69.6) 38 (594) 0.135
Systolic pressure, mean+SD 127.8+14.8 127.2+14.0 129.4x16.7 0.36
Heart rate, meantSD 75.3%7.3 75.247.3 75475 0.665
Albumin, mean+SD 37.6+4.2 38.3+4.0 35.7+43 <0.001
Prealbumin, mean+SD 220.8+67.1 229.7+63.4 195.6£71.0 <0.001
Hemoglobin, mean+SD 13.0£1.7 13.3£1.4 12.0+2.1 <0.001
White blood cells, mean+SD 5.9%1.9 5.9+2.0 5.9%1.6 0.508
Urea, mean+SD 5.2%1.5 5.2%1.3 5.2%1.9 0.527
Creatinine, meantSD 66.0£17.3 66.0+15.3 66.2122.1 0.955
Sodium, mean+SD 140.8+2.7 140.9£2.5 140.6+3.3 0.879
Potassium, mean+SD 4.1£0.4 4.1£0.4 4.1£0.4 0815
Surgical variables
Surgery duration, median (IQR) 91 (53, 179) 81 (47, 173.5) 119 (65, 222.25) 0.003
Total blood loss, median (IQR) 10 (5, 80) 10 (5, 50) 20 (5, 100) 0.408
Multiple procedures within 30 days, n (%)

No 235 (95.9) 176 (97.2) 59 (92.2) 0.165

Yes 10 (4.1) 5(28) 5(78)
No abdominal contamination, n (%) 244 (99.6) 182 (100) 62 (98.4) 0.586
Risk assessment tools
ASA, n (%) <0.001

| 2 (0.8) 1 (0.6) 1 (1.6)

2 145 (59.2) 120 (66.3) 25 (39.1)

3 95 (38.8) 60 (33.1) 35 (54.7)

4 3(1.2) 0 (0.0) 3(47)
POSSUM, mean+SD 0.3+£0.2 0.3£0.2 0.5+0.2 <0.001
E-PASS, mean+SD —0.1%1.6 -0.2+1.8 0.2+0.3 <0.001

Abbreviations: BMI, body mass index; CCl, Charlson Comorbidity Index; ADL, Activities of Daily Living; ASA, American Association of Anesthesiologists; POSSUM, Physiological and
Operative Severity Score for the Enumeration of Mortality and Morbidity; E-PASS, Estimation of Physiologic Ability and Surgical Stress; SD, standard deviation; IQR, interquartile range.
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Table 2 Stratified analysis of association between frailty category and in-hospital postoperative complications

Subgroup No. of patients OR (95% ClI) P-value
Hemoglobin
Male <12 g/L, Female <I| g/L 37 4.11 (1.01, 16.83) 0.0490
Male 12-16 g/L, Female |1-15 g/L 198 7.93 (3.66, 17.18) <0.001
Male >16 g/L, Female >15 g/L 10 N/A N/A
Albumin

<35¢g/L 6l 25.67 (6.08, 108.28) <0.001

235 g/L 184 5.17 (2.30, 11.64) <0.001
BMI

<185 8 N/A N/A

18.5-23.9 116 6.73 (2.68, 16.9) <0.001

>23.9 121 12.83 (4.71, 34.97) <0.001
Surgery duration

<90 min 119 19.2 (3.54, 104.08) <0.001

290 min 126 7.59 (3.29, 17.52) <0.001
Respiratory function

Normal 199 6.65 (3.16, 14.01) <0.001

Abnormal 46 23.00 (4.77, 110.8) <0.001
Presence of malignancy

None 134 12.60 (4.53, 35.05) <0.001

Primary only 90 5.34 (2.11, 13.53) <0.001

Metastases 21 10.50 (1.03, 107.17) 0.0473
Prealbumin

<170 mg/L 55 12.28 (3.39, 44.43) <0.001

=170 mg/L 190 7.18 (3.30, 15.66) <0.001
Ccl

<3 169 11.47 (4.83, 27.26) <0.001

>3 76 6.59 (2.26, 19.27) <0.001

Abbreviations: BMI, body mass index; CCI, Charlson Comorbidity Index; N/A, not applicable.

Table 3 Multiple logistic regression analysis of in-hospital postoperative complications

Non-adjusted OR (95%Cl) | Model |1 OR (95% CI) Model Il OR (95% CI) Model Il OR (95% CI)
P-value P-value P-value P-value
Frailty 4.77, (2.16,10.55), <0.001 5.83, (2.52,13.53), <0.001 10.31, (3.55,129.96), <0.001 16.59, (4.56,60.40), <0.001
ASA 3.86, (1.73,8.62), <0.001 3.84, (1.70,8.69), 0.001 5.09, (1.98,13.07), <0.001 6.20, (2.02,19.04), <0.001
POSSUM | 14.88, (2.05,108.03), 0.008 21.19, (2.70,166.52), 0.004 8.89, (0.09,844.48), 0.347 1.29, (0.01,564.93), 0.934
E-PASS 6.78, (1.12,40.87), 0.037 7.65, (1.24,47.04), 0.028 1.06, (0.28,3.98), 0.936 1.23, (0.06,27.35), 0.898

Notes: Model I: frailty + age and gender; Model Il: frailty + current smoking status, BMI, CCI, ADL, respiratory function, electrocardiogram, presence of malignancy, heart
rate, albumin, prealbumin, hemoglobin, sodium, surgery duration, total blood loss, and multiple procedures within 30 days; Model llI: frailty + all other covariates.
Abbreviations: ASA, American Association of Anesthesiologists; POSSUM, Physiological and Operative Severity Score for the Enumeration of Mortality and Morbidity;

E-PASS, Estimation of Physiologic Ability and Surgical Stress.

clinical practice. A retrospective study of elderly patients
undergoing lung transplantation found no significant asso-
ciation of frailty with the duration of postoperative venti-
lator use or duration of stay in the intensive care unit;
however, frailty was associated with a significantly greater

risk of postoperative death [adjusted HR: 2.24].** In
another study, preoperative surgical risk score of frail
elderly patients undergoing emergency cholecystectomy
was significantly greater than that of non-frail patients,?
which is consistent with the results of our study. Our
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Figure | Receiver operating characteristic (ROC) curves showing the predictive ability of risk assessment tools and frailty assessment.
Table 4 Performance of risk assessment tools and frailty assessment in predicting postoperative complications
Cox & Snell | Nagelkerke Hosmer-Lemeshow y? AUC (95% CI) AAUC
R* R? (P-value) (P-value)
Frailty 0.176 0.259 N/A 0.762 (0.703, 0.814). N/A
ASA 0.187 0.274 0.045 (0.832) 0.751 (0.692, 0.804) 0.107 (<0.001)
ASA + Frailty 0.301 0.442 1.605 (0.952) 0.858 (0.808, 0.899)
POSSUM 0.169 0.248 15.758 (0.046) 0.762 (0.704, 0.814) 0.080 (0.0044)
POSSUM + 0.268 0.393 9.360 (0.313) 0.842 (0.790, 0.885)
Frailty
E-PASS 0.222 0.326 8.049 (0.429) 0.824 (0.771, 0.870) 0.030 (0.1095)
E-PASS + Frailty | 0.281 0413 13.981 (0.082) 0.854 (0.803, 0.896)

Abbreviations: ASA, American Association of Anesthesiologists; POSSUM, Physiological and Operative Severity Score for the Enumeration of Mortality and Morbidity;
E-PASS, Estimation of Physiologic Ability and Surgical Stress; AUC, area under the curve; N/A, not applicable.

research corroborates these findings and suggests that pre-
operative frailty assessment may confer an advantage in
Chinese elderly patients undergoing major thoracic or
abdominal surgery. Frailty may help explain the differ-
ences in postoperative recovery of elderly patients under-
going the same surgery at the same age. However, there is
currently no consensus on the gold standard for assessment
of frailty, studies have employed different tools for frailty
assessment, such as frailty index, Tilburg frailty indicator,
and single physical indicator. Some studies have assessed
the use of more objective methods for frailty assessment.
For example, computed tomography (CT) has been used to
assess sarcopenia as a parameter of frailty in elderly indi-
viduals; the results indicated that CT evaluation of muscles
may be incorporated in the preoperative surgical risk
assessment.”® Due to resource constraints, we did not
employ CT evaluation; instead, we used the frailty pheno-
type, which has been widely used in clinical studies.?’
Frailty phenotype includes both subjective and objective
indicators and is a relatively simple and convenient tool;

this study provides evidence for the practical value of the
frailty phenotype.

ASA, POSSUM, and E-PASS are widely used preopera-
tive risk assessment tools, and many studies have confirmed
their ability to predict adverse surgical outcomes.?®°
However, these generic risk assessment tools are not tai-
lored to the specific characteristics of the elderly, who
represent a special group. Our study showed that incorpora-
tion of frailty assessment may increase the predictive ability
of current risk assessment tools; the AUC for ASA,
POSSUM, and E-PASS increased by 0.106, 0.08, and
0.03, respectively, upon addition of frailty assessment.
Makary et al showed that frailty increased the ability of
ASA, Lee, and Eagle scores to predict the risk of complica-
tions. The AUC for postoperative complications predicted
by ASA, Lee, and Eagle scores was 0.708, 0.715, and
0.732, respectively. After addition of frailty assessment,
the AUC to 0.748, 0.740, and 0.753,
respectively.'' Sharrock et al reported that the combination
of frailty assessment and Portsmouth (P)-POSSUM might

increased
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be a better way to identify elderly patients who are at a high
risk of mortality.®' Nevertheless, the previous studies lacked
data on Asian populations and did not simultaneously com-
pare the predictive ability of multiple instruments for risk
assessment. The present study explored the value of frailty
assessment in an Asian population. In addition, we per-
formed a detailed stratified analysis and ROC curve analysis
to provide more robust results. Frailty assessment effec-
tively improved the predictive ability of multiple risk
assessment tools; therefore, it may improve clinical deci-
sion-making and the development of treatment plans.
Additionally, frailty is a dynamic process that can be
reversed through targeted interventions. Previous studies
have shown that exercise, diet, and medication can effec-
tively slow down or ameliorate frailty.’® Future studies
should involve the development of frailty response mea-
sures suitable for elderly patients undergoing surgery, so as
to improve the perioperative safety of these patients.

There are several limitations in this study. Firstly,
this study mainly explored the association between
frailty and short-term adverse postoperative outcomes.
Long-term outcomes were not assessed. Secondly, med-
ical personnel were not informed about the frailty status
of the patients. The individual perceptions of these
medical personnel regarding each patient’s frailty status
may have affected their formulation of perioperative
care plans. Thirdly, the study involved a single center.
Multicenter research should be conducted to study the
causal mechanisms and the external manifestations of
frailty in the future.

Conclusion

In this study, frailty was a significant predictor of post-
operative complications in elderly Chinese patients under-
going major thoracic and abdominal surgery. Incorporation
of frailty assessment in perioperative risk assessment may
improve the ability of ASA, POSSUM, and E-PASS scores
to predict postoperative complications, which can facilitate
treatment planning and forewarn about postoperative risks.
Frailty assessment could also expand the scope for nurses
to evaluate patients, thus further improving the ability of
nurses for safety management.
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Supplementary materials

Table S| Association between frailty category and in-hospital postoperative complications

Complications/classification Frail (N=64) Non-frail (N=181) P-value
Complications, n 38 25 <0.001
Clavien-Dindo classification, n

Grade 2 33 19 0.548

Grade 3 3 4

Grade 4 2 |

Grade 5 0 |

Table S2 Univariate logistic regression of postoperative complications in hospital

Characteristic OR (95% CI) P-value
Demographics
Frailty status

Non-frail 1.00 N/A

Frail 9.12 (4.74, 17.53) <0.0001
Age 1.04 (0.99, 1.08) 0.1048
Gender

Male 1.00 N/A

Female 0.91 (0.51, 1.61) 0.7446
Education

illiterate 1.00 N/A

Elementary .11 (0.35, 3.53) 0.8657

junior/senior high school 0.91 (037, 2.22) 0.8302

Undergraduate 0.74 (0.25, 2.25) 0.5887
Type of surgery

Abdominal 1.00 N/A

Thoracic 1.31 (0.73, 2.32) 0.3632
Presence of malignancy

None 1.00 N/A

Primary only 2.78 (1.51, 5.14) 0.001 |

Metastases 1.43 (0.48, 4.29) 0.5209
Current smoking status 1.89 (0.99, 3.59) 0.0533
Current drinking status 1.31 (0.66, 2.61) 0.4379
BMI 0.86 (0.78, 0.95) 0.0036
Cccl 1.19 (1.02, 1.38) 0.0255
ADL 0.97 (0.94, 1.00) 0.0319
Peroperative variables
Cardiac function

Normal 1.00 N/A

Abnormal 1.04 (0.59, 1.86) 0.8862
Respiratory function

Normal 1.00 N/A

Abnormal 2.79 (1.42, 5.47) 0.0028

(Continued)
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Table S2 (Continued).
Characteristic OR (95% CI) P-value
Electrocardiogram
Normal 1.00 N/A
Abnormal 2.13 (1.18, 3.85) 0.0028
Systolic pressure 1.00 (0.98, 1.02) 0.9887
Heart rate 1.04 (1.00, 1.08) 0.0776
Albumin 0.87 (0.81, 0.94) 0.0002
Prealbumin 0.99 (0.99, 1.0) 0.0005
Hemoglobin 0.65 (0.54, 0.78) <0.0001
White Blood Cell 0.95 (0.81, I.11) 0.5193
Urea 1.14 (0.95, 1.39) 0.1667
Creatinine 0.99 (0.98, 1.01) 0.4933
Sodium 0.89 (0.81, 0.99) 0.0361
Potassium 0.64 (0.30, 1.35) 0.2379
Surgical variables
Surgery duration 1.01 (1.01, 1.02) <0.0001
Total blood loss 1.01 (1.01, 1.01) <0.0001
Multiple procedures within 30 days
0 1.00 N/A
| 4.68 (1.28, 17.19) 0.0199

Abbreviations: BMI, body mass index; CCl, Charlson Comorbidity Index; ADL, Activities of Daily Living.
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