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ARTICLE INFO ABSTRACT

Keywords: Background: This study investigates the association between the Geriatric Nutritional Risk Index
Total shoulder arthroplasty (GNRI), a simple readily available measure of malnutrition risk, and 30-day postoperative complications
Malnutrition following total shoulder arthroplasty (TSA).

giesiai::jcex Methods: The American College of Surgeons National Surgical Quality Improvement Program database

Complications was queried for all patients who underwent TSA between 2015 and 2021. The study population was
Postoperative divided into 3 groups based on preoperative GNRI: normal/reference (GNRI > 98), moderate malnutrition
(92 < GNRI < 98), and severe malnutrition (GNRI < 92). Logistic regression analysis was conducted to
Level of Evidence: Level IIl; Retrospective investigate the connection between preoperative GNRI and postoperative complications.
Cohort Comparison Using Large Database; Results: Compared to normal nutrition, moderate malnutrition was independently significantly asso-
Prognosis Study ciated with a greater likelihood of any complications (odds ratio [OR]: 1.74, 95% confidence interval [CI]:
1.54-1.96; P < .001), blood transfusions (OR: 1.52, 95% CI: 1.09-2.11; P = .013), failure to wean off a
ventilator within 48 hours (OR: 3.84, 95% CI: 1.26-11.72; P =.018), wound dehiscence (OR: 15.80, 95% CI:
1.61-155.28; P =.018), nonhome discharge (OR: 1.90, 95% CI: 1.63-2.22; P < .001), readmission (OR: 1.54,
95% CI: 1.19-1.99; P = .001), unplanned reoperation (OR: 1.87, 95% CI: 1.27-2.74; P = .001), length of
stay > 2 days (OR: 1.85, 95% CI: 1.63-2.12; P < .001), and mortality (OR: 3.38, 95% CI: 1.32-8.71; P =.011).
Severe malnutrition was independently significantly associated with a greater likelihood of any
complication (OR: 3.33, 95% CI: 2.80-3.97; P < .001), sepsis (OR: 9.83, 95% CI: 2.94-32.85; P < .001),
pneumonia (OR: 3.30, 95% CI: 1.71-6.38; P < .001), unplanned reintubation (OR: 5.77, 95% CI: 2.47-13.51;
P < .001), urinary tract infection (OR: 2.15, 95% CI: 1.19-3.87; P = .011), stroke (OR: 3.57, 95% CI: 1.18-
10.84; P =.024), blood transfusions (OR: 5.27, 95% CI: 3.86-7.20; P < .001), failure to wean off a ventilator
within 48 hours (OR: 7.64, 95% CI: 2.29-25.55; P < .001), Clostridioides difficile infection (OR: 4.17, 95% CI:
1.21-14.32; P =.023), nonhome discharge (OR: 3.56, 95% CI: 2.92-4.34; P < .001), readmission (OR: 2.05,
95% CI: 1.46-2.89; P < .001), length of stay > 2 days (OR: 3.27, 95% CI: 2.73-3.92; P < .001), and mortality
(OR: 4.61, 95% CI: 1.51-14.04; P = .007).
Conclusion: Malnutrition based on GNRI is a strong predictor of complications following TSA, with
increasing severity related to an increased rate of complications.
© 2023 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

As indications for total shoulder arthroplasty (TSA) broaden, procedure.” TSA is effective in treating common conditions in the
technology progresses, and surgical techniques advance, an geriatric population such as osteoarthritis, helping restore move-
increasing number of geriatric patients will undergo the ment and functionality, thereby improving patients’ quality of life.

Although postoperative complications remain relatively uncom-
mon, they occur at a considerably higher rate in older patients and
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such as hypoalbuminemia, anemia, thrombocytopenia, and
thrombocytosis have been identified as factors associated with
poorer outcomes following TSA.%”!1?224 In particular, malnutrition
in the elderly has been recognized as an important predictor of
increased length of stay (LOS) in the hospital and postoperative
morbidity in both emergency and elective surgical
procedures.'4?!30

Yet, despite the known relationship of malnutrition and poorer
outcomes following orthopedic surgery, malnutrition remains
under-recognized and untreated in geriatric patients.*! Tradition-
ally, low-serum products such as albumin and prealbumin have
served as indicators for poor nutritional status, as they are routinely
collected values and reflect protein synthesis.”> However, hypo-
albuminemia has not been found to be exclusively correlated with
malnutrition.”® It is now thought to be the consequence of in-
flammatory processes, acute trauma, or chronic disease, all of
which have a higher incidence in the elderly.”® Disagreement
regarding the validity of using albumin as a proxy for total body
nutrition has encouraged the utilization of indices that incorporate
anthropometric values. One example is the development of the
Geriatric Nutritional Risk Index (GNRI), which has allowed for the
determination of nutrition-related risk in geriatric patients.” Using
weight and standing height, the score is determined by the ratio of
actual to ideal weight through use of the Lorentz formula and al-
bumin concentration.>'*

Although similar surgical studies in colorectal and total joint
arthroplasties (TJAs) have shown that GNRI serves as an effective
risk-stratification tool for elderly patients, the extent to which
geriatric malnutrition affects postoperative outcomes following
TSA is unexplored.'*?34 This study sought to investigate the as-
sociation between the increasing severity of GNRI, a measure of
malnutrition risk, and 30-day postoperative complications
following TSA. We aim to determine whether malnutrition esti-
mated by GNRI is an independent predictor of adverse outcomes
following TSA.

Materials and methods

We queried the American College of Surgeons National
Surgical Quality Improvement Program (NSQIP) database for all
patients who underwent TSA between 2015 and 2021. This study
was exempt from approval by our University’s Institutional Re-
view Board because the NSQIP database is fully deidentified.
Data in the NSQIP database are obtained from more than 600
hospitals in the United States and are collected by trained
surgical clinical reviewers. The data are periodically audited to
maintain high fidelity.

The Current Procedural Terminology code 23472 was used to
identify 32,866 patients who underwent TSA between 2015 and
2021. The exclusion criteria inherent to the NSQIP database
exclude all cases for patients aged less than 18 years. Seventeen
thousand seventy one patients with missing height, weight, or
preoperative albumin were excluded, leaving 15,795 patients.
Next, 4384 cases were excluded for missing discharge destina-
tion, American Society of Anesthesiologists (ASA) classification,
functional health status, or age < 65 years, leaving a total of
11,411 patients to be included in this study. GNRI was then
calculated for each patient using the following formula, using
weight in pounds.>'*?!

GNRI — (1.489*Alburmin) + (41 .7*We’ght)

WLo

WoLo is the ideal weight, calculated for male and female gender
using the Lorentz equations, using height in centimeters.>'4!
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WLog1e = (HElgh[ —~100) + w
WLOfemale = (Height — 100) — w

For patients with weight exceeding their ideal weight, the ratio
of Weight/WLo was capped at 1.'4?!

The remaining study population (Fig. 1) was then indexed into 3
cohorts based on their preoperative GNRI: normal/reference (GNRI
> 98), moderate malnutrition (92 < GNRI < 98), and severe
malnutrition (GNRI < 92). Validated cutoffs for GNRI were chosen
based on pre-existing research.'*

Variables collected in this study included patient demographics,
comorbidities, surgical characteristics, and 30-day postoperative
complication data. Patient demographics included gender, age,
body mass index, functional status, ASA classification, smoking
status, and preoperative steroid use. Steroid use status was defined
as patients who routinely used immunosuppressants or cortico-
steroids within 30 days preprocedure. Smoking status was defined
as cigarette use at any point within the past year before the pro-
cedure. Preoperative comorbidities included congestive heart fail-
ure (CHF), diabetes, hypertension, severe chronic obstructive
pulmonary disease (COPD), bleeding disorders, and disseminated
cancer. Thirty-day complications included the following: sepsis,
septic shock, pneumonia, unplanned reintubation, urinary tract
infection (UTI), cardiac arrest or myocardial infarction (MI), stroke,
blood transfusions, deep vein thrombosis, pulmonary embolism, on
ventilator > 48 hours, surgical space infection (SSI), wound dehis-
cence, acute renal failure, Clostridioides difficile (C. diff) infection,
nonhome discharge, readmission, unplanned reoperation, LOS > 2
days, and mortality.

All statistical analyses were conducted using SPSS Software
version 26.0 (IBM Corp., Armonk, NY, USA). Patient demographics
and comorbidities were compared between cohorts using bivariate
logistic regression. Multivariate logistic regression, adjusted for all
significantly associated patient demographics and comorbidities
for the respective cohort, was used to identify associations between
preoperative GNRI and postoperative complications. Odds ratios
(ORs) were reported with 95% confidence intervals (CIs). The level
of statistical significance was set at P < .05.

Results

Compared to the normal nutrition group, the moderate
malnutrition group was significantly associated with female gender
(P < .001), older age groups (P < .001), greater body mass index
groups (P < .001), dependent functional status (P = .007), ASA
classification > 3 (P < .001), smokers (P = .034), comorbid CHF
(P =.001), diabetes (P < .001), COPD (P < .001), and bleeding dis-
orders (P < .001) (Table I). Compared to the normal nutrition group,
the severe malnutrition group was significantly associated with
female gender (P < .001), older age groups (P < .001), dependent
functional status (P < .001), ASA classification > 3 (P < .001),
smokers (P = .011), chronic steroid use (P < .001), comorbid CHF
(P <.001), diabetes (P < .001), COPD (P < .001), bleeding disorders
(P < .001), and disseminated cancer (P < .001).

Compared to the normal nutrition group, the moderate
malnutrition group was significantly associated with any compli-
cation (P < .001), unplanned reintubation (P =.018), cardiac arrest
or MI (P =.016), blood transfusions (P < .001), failure to wean off a
ventilator within 48 hours (P =.007), wound dehiscence (P =.017),
nonhome discharge (P < .001), readmission (P < .001), unplanned
reoperation (P < .001), LOS > 2 days (P < .001), and mortality
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Patients who underwent TSA from
NSQIP 2015-2021

n=32,866

17,071 cases excluded
for missing height,
weight, or
preoperative albumin

Remaining TSA cases
n=15,795

4,384 cases excluded for missing
discharge destination (8), ASA
classification (7), functional
health status (99), or age < 65
(4,270).

Final study population
n=11,411
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Normal/reference
n=9,046

Moderate malnutrition
n=1,721

Severe malnutrition

n=644

Figure 1 Case selection schematic. TSA, total shoulder arthroplasty; NSQIP, National Surgical Quality Improvement Program; ASA, American Society of Anesthesiologists.

Table I

Patient demographics and comorbidities for patients with preoperative normal GNRI, moderate malnutrition, and severe malnutrition.

Patient factor Normal (GNRI > 98)

Moderate malnutrition
(92 < GNRI < 98)

Severe malnutrition (GNRI < 92)

Number (%) Number (%) P value Number (%) P value

Overall 9046 (100.0) 1721 (100.0) 644 (100.0)

Gender <.001 <.001
Female 5246 (58.0) 1091 (63.4) 462 (71.7)
Male 3800 (42.0) 630 (36.6) 182 (28.3)

Age < .001 < .001
65-74 2630 (29.1) 402 (23.4) 141 (21.9)
75-84 4891 (54.1) 908 (52.8) 310 (48.1)
> 85 1525 (16.9) 411 (23.9) 193 (30.0)

BMI (kg/m?) <.001 102
<185 57 (0.6) 11 (0.6) 17 (2.6)
18.5-29.9 4561 (50.4) 782 (45.4) 299 (46.4)
30-34.9 2415 (26.7) 451 (26.2) 170 (26.4)
35-39.9 1253 (13.9) 269 (15.6) 76 (11.8)
> 40 760 (8.4) 208 (12.1) 82 (12.7)

Functional status prior to surgery 007 <.001
Dependent 209 (2.3) 59 (3.4) 67 (10.4)
Independent 8837 (97.7) 1662 (96.6) 577 (89.6)

ASA classification < .001 < .001
<2 3474 (38.4) 502 (29.2) 124 (19.3)
>3 5572 (61.6) 1219 (70.8) 520 (80.7)

Smoker 034 011
No 8501 (94.0) 1594 (92.6) 589 (91.5)
Yes 545 (6.0) 127 (7.4) 55 (8.5)

Steroid use 17 <.001
No 8568 (94.7) 1616 (93.9) 574 (89.1)
Yes 478 (5.3) 105 (6.1) 70 (10.9)

Comorbidities
CHF 116 (1.3) 40 (2.3) .001 30 (4.7) < .001
Diabetes 1710 (18.9) 394 (22.9) < .001 175 (27.2) < .001
Hypertension 6556 (72.5) 1261 (73.3) 497 483 (75) 165
COPD 596 (6.6) 179 (10.4) < .001 92 (14.3) < .001
Bleeding disorder 246 (2.7) 80 (4.6) < .001 41 (6.4) <.001
Disseminated cancer 23(0.3) 8(0.5) 141 8(1.2) <.001

GNRI, Geriatric Nutritional Risk Index; BMI, body mass index; ASA, American Society of Anesthesiologists; CHF, congestive heart failure; COPD, chronic obstructive pulmonary

disease.
Bold P values indicate statistical significance with P < .05.
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Table II
Bivariate analysis of 30-day postoperative complications in patients with preoperative normal GNRI, moderate malnutrition, and severe malnutrition.
Complication Normal (GNRI > 98) Moderate malnutrition Severe malnutrition (GNRI < 92)
(92 < GNRI < 98)

Number (%) Number (%) P value Number (%) P value
Any complication 1698 (18.8) 552 (32.1) < .001 337 (52.3) < .001
Sepsis 8(0.1) 1(0.1) 692 5(0.8) < .001
Septic shock 7 (0.1) 3(0.2) 239 2(0.3) .083
Pneumonia 49 (0.5) 14 (0.8) 178 13 (2.0) < .001
Unplanned reintubation 18(0.2) 9(0.5) 018 8(1.2) <.001
UTI 67 (0.7) 16 (0.9) 412 16 (2.5) < .001
Cardiac arrest or MI 24 (0.3) 11 (0.6) 016 6(0.9) .006
Stroke 12 (0.1) 0 (0.0) 999 5(0.8) < .001
Blood transfusions 148 (1.6) 52 (3.0) <.001 73 (11.3) <.001
DVT 26 (0.3) 7(0.4) 414 3(0.5) 428
PE 18(0.2) 6(0.3) 234 2(0.3) .550
On ventilator > 48 hours 7 (0.1) 6(0.3) .007 5(0.8) < .001
SSI 32(0.4) 8 (0.5) 489 2(0.3) .858
Wound dehiscence 1(0.0) 3(0.2) 017 1(0.2) .062
Acute renal failure 5(0.1) 1(0.1) .964 0(0.0) 999
Clostridioides difficile infection 10(0.1) 4(0.2) 209 4(0.6) 004
Nonhome discharge 763 (8.4) 304 (17.7) <.001 214 (33.2) <.001
Readmission 248 (2.7) 83 (4.8) < .001 46 (7.1) < .001
Unplanned reoperation 100 (1.1) 38(2.2) <.001 14 (2.2) 017
LOS > 2 days 1178 (13.0) 425 (24.7) < .001 268 (41.6) < .001
Mortality 10 (0.1) 8(0.5) .002 5(0.8) < .001

GNRI, Geriatric Nutritional Risk Index; UTI, urinary tract infection; MI, myocardial infarction; DVT, deep vein thrombosis; PE, pulmonary embolism; SSI, surgical space infection;

LOS, length of stay.
Bold P values indicate statistical significance with P < .05.

(P =.002) (Table II). Compared to the normal nutrition group, the
severe malnutrition group was significantly associated with any
complication (P < .001), sepsis (P < .001), pneumonia (P < .001),
unplanned reintubation (P < .001), UTI (P < .001), cardiac arrest or
MI (P =.006), stroke (P <.001), blood transfusions (P < .001), failure
to wean off a ventilator within 48 hours (P < .001), C. diff infection
(P =.004), nonhome discharge (P < .001), readmission (P < .001),
unplanned reoperation (P = .017), LOS > 2 days (P < .001), and
mortality (P < .001).

After controlling for all significant patient demographic and
comorbidity factors, an adjusted multivariate regression analysis
was conducted (Table III). Compared to the normal nutrition
group, the moderate malnutrition group was independently
significantly associated with a greater likelihood of any compli-
cations (OR: 1.74, 95% CI: 1.54-1.96; P < .001), blood transfusions
(OR: 152, 95% CI: 1.09-2.11; P = .013), failure to wean off a
ventilator within 48 hours (OR: 3.84, 95% CI. 1.26-11.72;
P = .018), wound dehiscence (OR: 15.80, 95% CI: 1.61-155.28;
P = .018), nonhome discharge (OR: 1.90, 95% CI: 1.63-2.22;
P < .001), readmission (OR: 1.54, 95% CI: 1.19-1.99; P = .001),
unplanned reoperation (OR: 1.87, 95% CI: 1.27-2.74; P = .001),
LOS > 2 days (OR: 1.85, 95% CI: 1.63-2.12; P < .001), and mor-
tality (OR: 3.38, 95% CI: 1.32-8.71; P = .011). The severe malnu-
trition group was independently significantly associated with a
greater likelihood of any complication (OR: 3.33, 95% CI: 2.80-
3.97; P < .001), sepsis (OR: 9.83, 95% CI: 2.94-32.85; P < .001),
pneumonia (OR: 3.30, 95% CI: 1.71-6.38; P < .001), unplanned
reintubation (OR: 5.77, 95% CI: 2.47-13.51; P < .001), UTI (OR:
2.15, 95% CI: 119-3.87; P = .011), stroke (OR: 3.57, 95% CI: 1.18-
10.84; P = .024), blood transfusions (OR: 5.27, 95% CI: 3.86-7.20;
P < .001), failure to wean off a ventilator within 48 hours (OR:
7.64, 95% CI: 2.29-25.55; P < .001), C. diff infection (OR: 4.17, 95%
Cl: 1.21-14.32; P = .023), nonhome discharge (OR: 3.56, 95% Cl:
2.92-4.34; P < .001), readmission (OR: 2.05, 95% CI: 1.46-2.89;
P < .001), LOS > 2 days (OR: 3.27, 95% CI: 2.73-3.92; P < .001),
and mortality (OR: 4.61, 95% CI: 1.51-14.04; P = .007).

In general, compared to the normal nutrition group, severe
malnutrition was independently significantly associated with a
greater number of complications than moderate malnutrition.
Moreover, for complications independently significantly associated
with both moderate and severe malnutrition, severe malnutrition
was generally found to have stronger associations: any complica-
tion (OR: 3.33 in severe malnutrition vs. 1.74 in moderate malnu-
trition), blood transfusions (OR: 5.27 vs. 1.52), failure to wean off a
ventilator within 48 hours (OR: 7.64 vs. 3.84), nonhome discharge
(OR: 3.56 vs. 1.90), readmission (OR: 2.05 vs. 1.54), LOS > 2 days
(OR: 3.27 vs. 1.85), and mortality (OR: 4.61 vs. 3.38).

Discussion

It is understood that undetected and misdiagnosed abnormal-
ities within the elderly increase morbidity and mortality.>*>’ In the
setting of TSA, advanced age, health comorbidities such as obesity,
cardiac disease, and immunosuppression, and preoperative labo-
ratory abnormalities such as hypoalbuminemia, anemia, throm-
bocytopenia, and thrombocytosis are factors associated with poorer
outcomes postoperatively.5/%11222425.29.40 1 this study, we
investigated patients’ degree of malnutrition based on GNRI as a
risk factor for postoperative complications in geriatric patients
undergoing TSA. We found that several complications associated
with malnutrition were moderate to life-threatening postoperative
complications, including sepsis, pneumonia, unplanned reintuba-
tion, UTI, cardiac arrest or M], stroke, blood transfusions, failure to
wean off a ventilator within 48 hours, C. diff infection, nonhome
discharge, readmission, unplanned reoperation, LOS > 2 days, and
mortality. Admission for elective surgeries, such as TSA, exposes the
patients to postoperative risks associated with surgery and hospi-
talization. This study emphasizes the utility of GNRI in older adults
as a strong predictor of outcomes following TSA.

Malnutrition is a pertinent comorbidity in the geriatric adult
that may negatively affect postoperative outcomes, increase
recurrence of hospitalization, and reduce the overall quality of life.
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Table III

Multivariate analysis of 30-day postoperative complications in patients with preoperative normal GNRI, moderate malnutrition, and severe malnutrition. Dashes represent

associations not significant in bivariate analysis and were not included in multivariate analysis.
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Complication

Moderate malnutrition (92 < GNRI < 98)

OR, P value (95% CI)

Severe malnutrition (GNRI < 92)

OR, P value (95% CI)

Any complication

Sepsis

Pneumonia

Unplanned reintubation
UTI

Cardiac arrest or MI
Stroke

Blood transfusions

On ventilator > 48 hours
Wound dehiscence

Clostridioides difficile infection

Nonhome discharge

1.74, < .001 (1.54-1.96)
81, .844 (.10-6.53)

2.25, .050 (1.00-5.06)

2.05, .052 (0.99-4.23)
1.52,.013 (1.09-2.11)
3.84,.018 (1.26-11.72)
15.80, .018 (1.61-155.28)

1.90, < .001 (1.63-2.22)

3.33, < .001 (2.80-3.97)
9.83, < .001 (2.94-32.85)
3.30, < .001 (1.71-6.38)
5.77, < .001 (2.47-13.51)
2.15, .011 (1.19-3.87)

3.57,.024 (1.18-10.84)
527, < .001 (3.86-7.20)
7.64, < .001 (2.29-25.55)
5.94, 246 (.29-120.12)
417, .023 (1.21-14.32)
3.56, < .001 (2.92-4.34)
2.05, < .001 (1.46-2.89)
1.58, .142 (.86-2.89)
3.27, < .001 (2.73-3.92)

Readmission 1.54,.001 (1.19-1.99)
Unplanned reoperation 1.87,.001 (1.27-2.74)
LOS > 2 days 1.85, < .001 (1.63-2.12)
Mortality 3.38,.011 (1.32-8.71)

4.61,.007 (1.51-14.04)

GNRI, Geriatric Nutritional Risk Index; OR, odds ratio; CI, confidence interval; UTI, urinary tract infection; MI, myocardial infarction; LOS, length of stay.

Bold P values indicate statistical significance with P < .05.

The impact of malnutrition on postoperative morbidity and mor-
tality in older adults is well defined, highlighting the greater need
for reliable preoperative indices that can encourage informed
choices and suitable postoperative outcomes in geriatric patients.
Serum albumin level < 3.5 g/dL has often been used to classify
malnutrition in geriatric patients.” Studies in TJA have successfully
used low albumin levels as a predictor for adverse outcomes.>*
However, when stratifying their cohort of 181 patients based on
albumin levels, an early study on GNRI found that if malnutrition
had been determined by albumin, only 65% of the patients identi-
fied by GNRI would have been classified.” It was further postulated
that hydration status of the patient can confound the predictive
capacity of albumin.” In addition, levels of albumin are often
influenced heavily by conditions unrelated to malnutrition, such as
end-stage renal disease and severe proteinuria.'”® As a result,
malnutrition risk questionnaires such as the Mini Nutritional
Assessment (MNA) emerged. MNA is frequently used for those aged
more than 70 years; however, it does not incorporate patient-
derived serological values.”® Although MNA has been efficacious
in geriatric nutrition evaluation studies, its dependence on neuro-
psychiatric stability and consciousness and lack of serum data has
proven to be a weakness for the assessment, particularly in its short
form."”'®39 The development of GNRI aimed to consider both
serum and anthropometric values and is an objective measurement
unaffected by the consciousness level of elderly adults.”> GNRI has
displayed reliability and validity comparable to established nutri-
tional assessments; notably, poor prognosis following orthopedic
surgeries was most effectively predicted by GNRI scores.'®
Furthermore, studies support the use of GNRI in cases where
questionnaires such as MNA cannot be performed, even encour-
aging the use of both assessments to allow for more accurate
results.'?

The mechanism of malnutrition in the elderly population is
multifactorial in nature.*> An older adult’s ability to properly access,
consume, and absorb nutrients may be limited by malignancy,
chronic disease, psychological disturbances, cognitive deteriora-
tion, and socioeconomic factors.>®> Accordingly, the present study
found that along with greater age, comorbid disease, including CHF,
COPD, diabetes, cancer, and bleeding disorders were significantly
associated with malnutrition. In addition, females were more sus-
ceptible to malnutrition, comprising 63.4% and 71.7% of moderate
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and severe GNRI scores, respectively. A study of GNRI as a predictive
tool before TJA found that 64.7% of severe GNRI scores belonged to
females.'# Another study of hospitalized elderly females found that
63.9% were at risk of malnutrition or were experiencing malnutri-
tion, proposing the negative influence of socioeconomic differences
and increased depressive states.”® Outside of disease, greater age in
general exerts gradual yet dramatic effects on nutrition. Poor
physical functionality hinders the ability for elderly individuals to
maintain muscle mass, leading to progressive muscle catabolism, a
common process in aging.'”

Malnutrition may lead to impaired immune function, promoting
persistent infection and inflammation, as well as disrupting the
wound healing process. In particular, protein-energy malnutrition
leads to disfunction in cell-mediated defense.® This may explain
many infectious complications following TSA, including sepsis,
pneumonia, C. diff infection, and UTI. A similar study of GNRI in TJA
supported these findings, reporting severe malnutrition to be
associated with pneumonia, UTI, SSI, and sepsis.'# Similar infection-
related complications were also described in geriatric patients with
severe GNRI following emergency surgery, including SSI, UTI,
pneumonia, and sepsis.”! Although rates of infection-associated
complications remain low following TSA, infection may compli-
cate wound healing, surgical success, and increase risk of reoper-
ation in orthopedic surgery.'%3®

We found that any degree of predicted malnutrition was
associated with cardiovascular complications such as blood
transfusion, cardiac arrest or MI, and stroke following TSA.
Elderly adults are more likely to suffer from cardiovascular
conditions that may alter nutritional status, including cardiac
cachexia.! In a study of geriatric patients with stable coronary
artery disease, GNRI detected malnutrition in 31.2% of the pop-
ulation.?” In orthopedic literature, a study of patients undergoing
TJA using serum albumin to detect malnutrition found that pa-
tients with malnutrition had increased risk of developing post-
operative cardiovascular complications.?%>%

Moreover, we found respiratory complications, including failing
to wean off the ventilator and unplanned reintubation, to be
significantly associated with malnutrition. Other surgery literature
has similarly reported that malnutrition increases the likelihood of
respiratory complications following operation in geriatric pa-
tients.??® This may be explained by established evidence that
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malnutrition is linked to respiratory decline, secondary to respi-
ratory muscular weakness and susceptibility to infection.

The significantly associated complications described in this
study all hold the potential to increase LOS and promote read-
mission. Moreover, they may lead to mortality in elderly patients.
Although mortality was found to be associated with malnutrition
within this study, it is important to highlight that it remains
extremely uncommon in TSA, occurring at rates as low as 0.09% in
admitted patients.>!

To our knowledge, this is the first study to describe the rela-
tionship between GNRI and complications following TSA. There are
several limitations encountered by this study. The American College
of Surgeons National Surgical Quality Improvement Program
database is constrained by a 30-day postoperative period, hindering
consideration of long-term complications, readmission, and mor-
tality. Furthermore, a proportion of cases were excluded for missing
albumin or weight values required to calculate GNRI. Serum
albumin may not always be routinely obtained preoperatively,
particularly if a patient is considered clinically low risk. Therefore,
there may exist some degree of selection bias in our study.

GNRI is a simple measure that has the potential to allow or-
thopedic surgeons to detect otherwise undetected cases of
malnutrition, accurately assess nutritional status, and anticipate
potential complications following surgical procedures. Most
importantly, the presence of malnutrition can encourage the
implementation of corrective and preventative actions to improve
outcomes. Based on the degree of malnutrition and other associ-
ated comorbidities, individualized responses such as improvement
of diet and greater supplementation can promote better chances for
a successful operation.

Conclusion

Among geriatric patients with predicted malnutrition based on
GNRI, the overall rate of complication following TSA was found to
increase with increasing severity of malnutrition. Compared to
normal nutrition, moderate malnutrition was independently
significantly associated with a greater likelihood of any complica-
tions, blood transfusions, failure to wean off a ventilator within 48
hours, wound dehiscence, nonhome discharge, readmission, un-
planned reoperation, LOS > 2 days, and mortality. Severe malnu-
trition was independently significantly associated with a greater
likelihood of any complication, sepsis, pneumonia, unplanned
reintubation, UTI, stroke, blood transfusions, failure to wean off a
ventilator within 48 hours, C. diff infection, nonhome discharge,
readmission, LOS > 2 days, and mortality. These findings suggest
that GNRI is a powerful predictor of 30-day postoperative compli-
cations following TSA in geriatric patients. Our study supports the
utility of GNRI as an adjunctive tool in the risk stratification of
geriatric patients undergoing TSA to reduce postoperative adverse
events, minimize hospital stay, and promote favorable patient
outcomes.
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