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Background: Dehydration is a modifiable risk factor that should be optimized prior to all surgical
procedures. The aim of this study was to determine the effects of dehydration on postoperative
complications following total shoulder arthroplasty (TSA).
Methods: The American College of Surgeons National Surgical Quality Improvement database was
queried for all patients who underwent TSA between 2015 and 2019 and a total of 16,993 patients were
included in this study. The study population was subsequently classified into 3 categories: 8498 (50.0%)
nondehydrated patients with blood urea nitrogen/creatinine (BUN/Cr) < 20, 4908 (28.9%) moderately
dehydrated patients with 20 � BUN/Cr � 25, and 3587 (21.1%) severely dehydrated patients with
25 < BUN/Cr. A subgroup analysis involving only elderly patients aged > 65 years and normalized gender-
adjusted Cr values was also performed. Postoperative complications within 30 days of the TSA were
collected. Multivariate logistic regression analysis was conducted to explore the correlation between
dehydration and postoperative complications.
Results: Adjusted multivariate logistic regression analysis showed that the severely dehydrated cohort
had a greater risk of postoperative transfusion, mortality, nonhome discharge, and increased length of
stay (all P < .05). The moderately dehydrated cohort had a greater risk of wound dehiscence (P ¼ .044).
Among the elderly, severely dehydrated patients had a greater risk of cardiac complications, post-
operative transfusion, mortality, nonhome discharge, and increased length of stay (all P < .05). Finally,
the elderly moderately dehydrated cohort had a greater risk of postoperative transfusion and nonhome
discharge (all P < .05).
Conclusion: BUN/Cr ratio is an important preoperative diagnostic tool to identify at-risk dehydrated
patients. Providers should optimize dehydration to prevent complications, decrease costs, and improve
discharge planning.

© 2024 The Authors. 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 the elderly population expands and total shoulder arthro-
plasty (TSA) becomes more commonplace, it is vital to enhance
patients’ medical status before surgery to mitigate complications,
curtail the duration of hospital stays, and boost functional recovery.
The shift in healthcare economics toward outcome-based, bundled
payment models further necessitates providers’ strong under-
standing of preoperative medical optimization. Variables like fluid
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intake and fluid resuscitation, which can be altered and monitored
before elective surgery, can play a crucial role.

Older patients often present with dehydration as well as
medical comorbidities and increased sensitivity to anesthesia,
placing them at a naturally increased risk of longer hospital stays
and extended recovery periods.35 Dehydration has been impli-
cated as a factor contributing to orthostatic hypotension and
weakness, which may negatively impact rehabilitation results
and patient satisfaction following TSA.17 Blood urea nitrogen
(BUN) and creatinine (Cr) are laboratory values routinely ob-
tained before TSA and have served in the past to define and
estimate dehydration prevalence. A BUN/Cr ratio more than 20
can serve as an effective early warning sign to identify at-risk
dehydrated patients prone to acute in-hospital complications.
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The BUN/Cr ratio’s validity as a reliable indicator predicting
dehydration has been established, as other physical and clinical
signs such as low systolic blood pressure, increased heart rate,
dry mucous membranes, and sunken eyes have shown inade-
quate sensitivity toward dehydration.26

The Centers for Medicare and Medicaid Services have identified
30-day readmissions and complication rates as quality measures
for value-based care. Methods for detecting dehydration for swift
intervention and optimization are evolving given that dehydration
has been linked to various preventable complications like falls,
delirium, renal impairment, and circulatory collapse.2 Dehydration
is a frequently overlooked modifiable risk factor that, if detected
early, can lower the chances of acute kidney injury and cardiac
stress due to circulatory collapse.25 By enhancing orthostasis and
circulatory function, patients might engage in physical therapy
sooner, potentially accelerating functional recovery and improving
their chances of being discharged home.17

Previous studies explored the correlation between BUN/Cr
values and postoperative results. Renfree and his colleagues
examined elective lumbar procedures in the National Surgical
Quality Improvement Program (NSQIP) database and found that
heightened preoperative BUN/Cr was associated with post-
operative deep vein thrombosis, urinary tract infections, and the
necessity for transfusion.19 The high likelihood of orthopedic pa-
tients arriving dehydrated, coupledwith the large volume of annual
TSA procedures and the ease of preoperative blood tests, un-
derscores the importance of determining if a high BUN/Cr level is a
reliable forecaster of unfavorable postoperative outcomes and
discharge dispositions. The purpose of this study was to examine
the relationship between preoperative BUN/Cr levels and post-
operative outcomes, aiming to improve clinical care and decision-
making. We hypothesized that chronic preoperative dehydration
is a predictor of postoperative complications, especially in the
elderly population.

Methods

All patients who underwent either anatomic or reverse TSA
between 2015 and 2019 were queried from the American College of
Surgeons NSQIP database. As the NSQIP database is fully deidenti-
fied, this study was exempt from review and approval by our Uni-
versity’s Institutional Review Board. Patient information included
in the database is gathered frommore than 600 healthcare facilities
throughout the United States, obtained through various means
such as interviews, outpatient visits, and examination of patient
records.5

Current Procedural Terminology code 23472 was used to iden-
tify 22,542 patients who underwent TSA from 2015 to 2019. We
excluded patients who had Cr values more than 1.3 mg/dL, those
with a preoperative diagnosis of renal failure, or who were un-
dergoing dialysis. By excluding patients with Cr levels exceeding 1.3
mg/dL, we avoided the inclusion of those with underlying renal
disease and decreased glomerular filtration rates, which could have
served as confounding variables.1 Patients without available pre-
operative serum Cr or BUN values were also excluded. After
applying these exclusion criteria, wewere left with 16,993 cases for
our statistical analysis. We divided the study population into 3
distinct groups, based on their hydration status. These 3 groups
were formed according to BUN/Cr values: less than 20 (non-
dehydrated), between 20 and 25 (moderately dehydrated), and
more than 25 (severely dehydrated). In addition, we performed a
subgroup analysis involving 9739 cases of patients aged more than
65 years and with gender-adjusted normalized Cr values (more
than 0.8 for males and more than 0.6 for females). Low Cr values
have been associated with conditions like malnutrition, advanced
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liver disease, and nephrotic syndrome, which warranted exclusion
from the analysis.31

Our study included a total of 16,993 patients who underwent
TSA from 2015-2019. Of these patients, 8498 patients (50.0%) were
in the nondehydrated cohort, 4908 patients (28.9%) were in the
moderately dehydrated cohort, and 3587 patients (21.1%) were in
the severely dehydrated cohort. A subgroup analysis of 9739 elderly
patients revealed that 4689 patients (48.1%) were in the
nondehydrated cohort, 2961 patients (30.4%) were in the moder-
ately dehydrated cohort, and 2089 patients (21.4%) were in the
severely dehydrated cohort.

We gathered data on various patient demographics, including
race, gender, body mass index (BMI), age, smoking status, functional
status, American Society of Anesthesiologists (ASA) physical status
classification, corticosteroid usage, preoperative laboratory results,
preoperative medical conditions, 30-day postoperative complica-
tions, and operative variables. Corticosteroid usage was deemed
positive for patients who regularly ingested immunosuppressants or
corticosteroids in the 30 days preceding the surgery. We considered
patients to be smokers if they had smoked cigarettes at any point
within the year leading up to the surgery. Use of other forms of to-
bacco or marijuana, such as e-cigarettes, cigars, or pipes, did not
affect a patient’s nonsmoking status. We classified patients as having
severe systemic disease if their ASA physical status classificationwas
3 or more. We collected data on a range of preoperative medical
conditions, including diabetes, severe chronic obstructive pulmonary
disease, congestive heart failure (CHF), recent weight loss, bleeding
disorders, transfusion history, previous sepsis, metastasized cancer,
and dyspnea, ascites, among others. We analyzed postoperative
complications occurring within 30 days, including cardiac arrest
requiring cardiopulmonary resuscitation, myocardial infarction,
deep vein thrombosis, stroke, unplanned intubation, pulmonary
embolism, prolonged ventilator usage (> 48 hours), acute renal
failure, sepsis, septic shock, extended hospital stay (> 30 days),
reoperation, readmission, death, progressive renal insufficiency,
urinary tract infections, pneumonia, transfusions within 72 hours
postsurgery, and surgical site infections.

We conducted all statistical analyses for this study using SPSS
Software version 26.0 (IBM Corporation, Armonk, NY, USA). We
performed a bivariate analysis to compare patient demographics,
preoperative medical conditions, and surgical characteristics across
different cohorts. We also carried out multivariate logistic regres-
sion analysis, adjusting for significantly associated variables such as
patient demographics, preoperative medical conditions, and sur-
gical variables, to explore the relationship between preoperative
dehydration status and postoperative complications. We reported
calculated odds ratios (ORs) in relation to the 95% confidence in-
terval (CI). We set the statistical significance level at P < .05.

Results

In comparison to the nondehydrated cohort, both moderately
and severely dehydrated cohorts had greater proportions of pa-
tients with the following demographics/comorbidities: age � 75,
female gender, BMI� 40, dependent functional status, nonsmoking
status, diabetes (both insulin-dependent and noninsulin-
dependent), CHF, hypertension, and chronic steroid use (Table I).
Compared to the moderately dehydrated cohort, the severely
dehydrated cohort had higher proportion of patients with the
following demographics/comorbidities: age � 75, female gender,
ASA classification of 3 or more, dependent functional status,
nonsmoking status, insulin-dependent diabetes, CHF, hyperten-
sion, and chronic steroid use (Table I). A subgroup analysis of
elderly patients with gender-adjusted normalized Cr values
revealed that in comparison to the nondehydrated cohort, both



Table I
Comparison of patient demographics, medical comorbidities, and operative characteristics between dehydration status cohorts.

Characteristic Nondehydrated Moderately dehydrated Severely dehydrated P value

N Percent (%) N Percent (%) N Percent (%)

Total 8498 100 4908 100 3587 100
Days from laboratories to surgery
Same day 445 5.24 256 5.22 221 6.16 .548
1 d-2 weeks 4578 53.87 2611 53.20 1940 54.08 .678
>2 weeks 3475 40.89 2041 41.59 1426 39.75 .270

Age
18-39 71 0.84 8 0.16 5 0.14 <.001
40-64 2879 33.88 1196 24.37 696 19.40 <.001
65-74 3430 40.36 2096 42.71 1525 42.51 .084
�75 2118 24.92 1608 32.76 1361 37.94 <.001

Gender <.001
Female 4034 47.47 2998 61.08 2756 76.83
Male 4464 52.53 1910 38.92 831 23.17

Body mass index (kg/m2)
<18.5 59 0.69 31 0.63 34 0.95 .296
18.5-29.9 4078 47.99 2315 47.17 1686 47.00 .966
30-34.9 2320 27.30 1278 26.04 922 25.70 .211
35-39.9 1191 14.02 695 14.16 515 14.36 .901
�40 850 10.00 589 12.00 430 11.99 .001

ASA classification .028
1-2 3636 42.79 2104 42.87 1447 40.34
�3 4862 57.21 2804 57.13 2140 59.66

Functional status <.001
Independent 8355 98.32 4812 98.04 3477 96.93
Dependent 143 1.68 96 1.96 110 3.07

Smoking <.001
No 7311 86.03 4509 91.87 3323 92.64
Yes 1187 13.97 399 8.13 264 7.36

Outpatient/inpatient .632
Outpatient 791 9.31 440 8.96 316 8.81
Inpatient 7707 90.69 4468 91.04 3271 91.19

Diabetes
No 7078 83.29 3992 81.34 2879 80.26 .012
Noninsulin 1047 12.32 700 14.26 504 14.05 .028
Insulin 373 4.39 216 4.40 204 5.69 .021

Dyspnea
No 7942 93.46 4614 94.01 3337 93.03 .206
Moderate exertion 529 6.22 280 5.70 234 6.52 .354
At rest 27 0.32 14 0.29 16 0.45 .652

COPD .004
No 7858 92.47 4605 93.83 3359 93.64
Yes 640 7.53 303 6.17 228 6.36

Ascites .154
No 8498 100.00 4908 100.00 3586 99.97
Yes 0 0.00 0 0.00 1 0.03

Congestive heart failure .010
No 8464 99.60 4877 99.37 3557 99.16
Yes 34 0.40 31 0.63 30 0.84

Hypertension <.001
No 2926 34.43 1589 32.38 1034 28.83
Yes 5572 65.57 3319 67.62 2553 71.17

Disseminated cancer .649
No 8480 99.79 4894 99.71 3577 99.72
Yes 18 0.21 14 0.29 10 0.28

Chronic steroid use .007
No 8128 95.65 4662 94.99 3384 94.34
Yes 370 4.35 246 5.01 203 5.66

Bleeding disorders .632
No 8286 97.51 4790 97.60 3508 97.80
Yes 212 2.49 118 2.40 79 2.20

ASA, American Society of Anesthesiologists; COPD, chronic obstructive pulmonary disease.
Significance set to P < .05.
Bold values indicate statistically significant values (P < .05).
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moderately and severely dehydrated cohorts had greater pro-
portions of patients with the following demographics/comorbid-
ities: age � 75, female gender, BMI � 40, dependent functional
status, nonsmoking status, and hypertension (Table II). Compared
to the moderately dehydrated cohort, the severely dehydrated
cohort had higher proportion of patients with the following
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demographics/comorbidities: age � 75, female gender, dependent
functional status, insulin-dependent diabetes, CHF, and hyperten-
sion (Table II). There were no statistically significant differences in
the number of days from laboratories drawn to surgery in both the
general and elderly groups (Tables I and II). These data are depicted
in Figures 1 and 2.



Table II
Comparison of patient demographics, medical comorbidities, and operative characteristics between elderly dehydration status cohorts (subgroup analysis).

Characteristic Nondehydrated Moderately dehydrated Severely dehydrated P value

N Percent (%) N Percent (%) N Percent (%)

Total 4689 100 2961 100 2089 100
Days from laboratories to surgery
Same day 249 5.31 143 4.83 122 5.84 .338
1 d-2 weeks 2501 53.34 1577 53.26 1142 54.67 .932
> 2 weeks 1939 41.35 1241 41.91 825 39.49 .255

Age
18-39 0 0.00 0 0.00 0 0.00 -
40-64 0 0.00 0 0.00 0 0.00 -
65-74 2759 58.84 1558 52.62 1030 49.31 <.001
� 75 1930 41.16 1403 47.38 1059 50.69 <.001

Gender <.001
Female 2479 52.87 2032 68.63 1728 82.72
Male 2210 47.13 929 31.37 361 17.28

Body mass index (kg/m2)
<18.5 28 0.60 21 0.71 16 0.77 .900
18.5-29.9 2392 51.01 1470 49.65 983 47.06 .008
30-34.9 1278 27.26 772 26.07 552 26.42 .765
35-39.9 623 13.29 387 13.07 290 13.88 .901
�40 368 7.85 311 10.50 248 11.87 <.001

ASA classification .252
1-2 1770 37.75 1161 39.21 774 37.05
�3 2919 62.25 1800 60.79 1315 62.95

Functional status .034
Independent 4594 97.97 2890 97.60 2025 96.94
Dependent 95 2.03 71 2.40 64 3.06

Smoking <.001
No 4352 92.81 2833 95.68 1998 95.64
Yes 337 7.19 128 4.32 91 4.36

Outpatient/inpatient .357
Outpatient 366 7.81 251 8.48 155 7.42
Inpatient 4323 92.19 2710 91.52 1934 92.58

Diabetes
No 3851 82.13 2420 81.73 1652 79.08 .009
Noninsulin 622 13.27 420 14.18 315 15.08 .137
Insulin 216 4.61 121 4.09 122 5.84 .012

Dyspnea
No 4351 92.79 2769 93.52 1922 92.01 .119
Moderate exertion 321 6.85 182 6.15 156 7.47 .193
At rest 17 0.36 10 0.34 11 0.53 .913

COPD .030
No 4321 92.15 2753 92.98 1962 93.92
Yes 368 7.85 208 7.02 127 6.08

Ascites -
No 4689 100.00 2961 100.00 2089 100.00
Yes 0 0.00 0 0.00 0 0.00

Congestive heart failure .012
No 4663 99.45 2945 99.46 2065 98.85
Yes 26 0.55 16 0.54 24 1.15

Hypertension <.001
No 1326 28.28 806 27.22 472 22.59
Yes 3363 71.72 2155 72.7 1167 77.41

Disseminated cancer .578
No 4679 99.79 2951 99.66 2083 99.71
Yes 10 0.21 10 0.34 6 0.29

Chronic steroid use .437
No 4480 95.54 2821 95.27 1981 94.83
Yes 209 4.46 140 4.73 108 5.17

Bleeding disorders .312
No 4555 97.14 2887 97.50 2042 97.75
Yes 134 2.86 74 2.50 47 2.25

ASA, American Society of Anesthesiologists; COPD, chronic obstructive pulmonary disease.
Significance set to P < .05.
Bold values indicate statistically significant values (P < .05).
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An increasing rate of blood transfusions was observed as the
severity of dehydration progressed from nondehydrated (1.45%) to
moderately dehydrated (1.69%) and to severely dehydrated (2.48%)
(P < .001). A similar pattern was seen for nonhome discharge
(8.03%, 9.60%, 14.08%; P < .001) and increased length of stay (LOS)
(34.12%, 35.49%, 38.56%; P < .001) (Table III). A subgroup analysis of
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elderly patients with gender-adjusted normalized Cr values also
showed a similar pattern as the severity of dehydration progressed
for blood transfusions (1.56%, 2.16%, 2.68%; P ¼ .006), mortality
(0.04%, 0.10%, 0.38%; P ¼ .002), nonhome discharge (10.39%, 12.16%,
16.18%; P < .001), and increased LOS (36.89%, 38.86%, 41.03%;
P ¼ .004) (Table IV).



Figure 1 Days from preoperative laboratories to operation

Figure 2 Days from preoperative laboratories to operation (subgroup analysis of elderly patients)
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After controlling for all associated patient demographics and
comorbidities, adjusted multivariate logistic regression analysis
showed that the severely dehydrated cohort had a greater risk of
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developing the following complications compared to the non-
dehydrated cohort: blood transfusions (OR, 1.52; 95% CI, 1.14-
2.01; P ¼ .004), mortality (OR, 2.44; 95% CI, 1.02-5.81; P ¼ .045),



Table III
Comparison of complication rates following total shoulder arthroplasty between dehydration status cohorts.

Postoperative complication Nondehydrated Moderately dehydrated Severely dehydrated P value

N Percent (%) N Percent (%) N Percent (%)

Superficial SSI 19 0.22 13 0.26 8 0.22 .880
Deep SSI 7 0.08 3 0.06 0 0.00 .233
Organ space SSI 26 0.31 6 0.12 5 0.14 .047
Reoperation 131 1.54 60 1.22 41 1.14 .134
Wound dehiscence 3 0.04 5 0.10 1 0.03 .208
Stroke/CVA 4 0.05 6 0.12 2 0.06 .268
Cardiac complications 21 0.25 11 0.22 18 0.50 .034
Respiratory complications 64 0.75 39 0.79 42 1.17 .064
Renal complications 6 0.07 4 0.08 4 0.11 .774
Urinary tract infection 51 0.60 30 0.61 30 0.84 .308
Bleeding transfusions 123 1.45 83 1.69 89 2.48 <.001
Deep vein thrombosis 36 0.42 15 0.31 14 0.39 .564
Sepsis/septic shock 16 0.19 4 0.08 9 0.25 .150
Readmission 254 2.99 125 2.55 109 3.04 .267
Mortality 10 0.12 3 0.06 12 0.33 .003
Nonhome discharge 682 8.03 471 9.60 505 14.08 <.001
LOS of 2 or more days 2899 34.12 1741 35.49 1381 38.56 <.001

SSI, surgical site infection; CVA, cerebrovascular accident; LOS, length of stay.
Significance set to P < .05.
Bold values indicate statistically significant values (P < .05).

Table IV
Comparison of complication rates following total shoulder arthroplasty between elderly dehydration status cohorts (subgroup analysis).

Postoperative complication Nondehydrated Moderately dehydrated Severely dehydrated P value

N Percent (%) N Percent (%) N Percent (%)

Superficial SSI 7 0.15 9 0.30 3 0.14 .274
Deep SSI 1 0.02 1 0.03 0 0.00 .711
Organ space SSI 9 0.19 2 0.07 2 0.10 .303
Reoperation 56 1.19 27 0.91 20 0.96 .441
Wound dehiscence 0 0.00 1 0.03 0 0.00 .318
Stroke/CVA 4 0.09 4 0.14 1 0.05 .589
Cardiac complications 10 0.21 9 0.30 11 0.53 .099
Respiratory complications 40 0.85 29 0.98 24 1.15 .506
Renal complications 3 0.06 1 0.03 4 0.19 .130
Urinary tract infection 34 0.73 18 0.61 21 1.01 .263
Bleeding transfusions 73 1.56 64 2.16 56 2.68 .006
Deep vein thrombosis 16 0.34 9 0.30 9 0.43 .747
Sepsis/septic shock 9 0.19 1 0.03 4 0.19 .167
Readmission 137 2.92 83 2.80 72 3.45 .382
Mortality 2 0.04 3 0.10 8 0.38 .002
Nonhome discharge 487 10.39 360 12.16 338 16.18 <.001
LOS of 2 or more days 1729 36.89 1150 38.86 855 41.03 .004

SSI, surgical site infection; CVA, cerebrovascular accident; LOS, length of stay.
Significance set to P < .05.
Bold values indicate statistically significant values (P < .05).
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nonhome discharge (OR, 1.51; 95% CI, 1.32-1.72; P < .001), and
increased LOS (OR, 1.12; 95% CI, 1.03-1.22; P ¼ .007) (Table V).
The moderately dehydrated cohort had a greater risk of devel-
oping wound dehiscence (OR, 4.98; 95% CI, 1.04-23.73; P ¼ .044)
compared to the nondehydrated cohort.

The subgroup analysis of elderly patients with gender-adjusted
normalized Cr values revealed that the severely dehydrated cohort
had a greater risk of developing the following complications
compared to the nondehydrated cohort: cardiac arrest or myocar-
dial infarction (OR, 2.42; 95% CI, 1.02-5.76; P ¼ .046), blood trans-
fusions (OR, 1.81; 95% CI, 1.26-2.58; P ¼ .001), mortality (OR, 9.10;
95% CI, 1.92-43.11; P ¼ .005), nonhome discharge (OR, 1.64; 95% CI,
1.41-1.92; P < .001), and increased LOS (OR, 1.18; 95% CI, 1.06-1.31;
P ¼ .003) (Table VI). In addition, the moderately dehydrated cohort
had a greater risk to develop blood transfusions (OR, 1.44; 95% CI,
1.02-2.02; P ¼ .038) and nonhome discharge (OR, 1.12; 95% CI, 1.03-
1.39; P < .017) compared to the nondehydrated cohort (Table VI).
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Discussion

This study used a national database to identify chronic preop-
erative dehydration as an independent predictor of several adverse
postoperative outcomes following TSA. These included the need for
a transfusion, an increased mortality rate, discharge to a nonhome
location, an extended LOS, and wound dehiscence. The risk of
developing these complications was higher overall in elderly pa-
tients compared to the general population. Furthermore, elderly
patients suffering from severe dehydration were found to be
particularly prone to cardiac complications.

The findings of this study underline the critical importance of
managing preoperative dehydration, a modifiable risk factor. With
the expanding applications of TSA, healthcare practitioners must
prepare themselves for a surge in the medical comorbidities among
the elderly. Identifying and controlling preoperative risk factors, in
conjunction with risk stratification, can significantly contribute to



Table V
Association between risk of complications following total shoulder arthroplasty and dehydration status cohort classification.

Postoperative complications Moderately dehydrated Severely dehydrated

Odds ratio (95% CI) P value Odds ratio (95% CI) P value

Superficial SSI 1.24 (0.61-2.53) .558 1.06 (0.45-2.46) .900
Deep SSI 0.92 (0.23-3.64) .904 0.00 (0.00-0.00) .981
Organ space SSI 0.46 (0.19-1.13) .091 0.56 (0.21-1.49) .247
Reoperation 0.82 (0.60-1.13) .223 0.75 (0.52-1.07) .117
Wound dehiscence 4.98 (1.04-23.73) .044 1.77 (0.17-18.92) .635
Stroke/CVA 2.50 (0.69-8.98) .161 0.76 (0.14-4.23) .751
Cardiac complications 0.86 (0.41-1.79) .676 1.79 (0.94-3.40) .078
Respiratory complications 1.05 (0.70-1.57) .830 1.45 (0.97-2.16) .071
Renal complications 1.17 (0.32-4.22) .813 1.62 (0.44-5.95) .471
Urinary tract infection 0.90 (0.57-1.43) .666 1.15 (0.73-1.82) .556
Bleeding transfusions 1.12 (0.84-1.48) .457 1.52 (1.14-2.01) .004
Deep vein thrombosis 0.75 (0.41-1.39) .357 0.94 (0.50-1.78) .852
Sepsis/septic shock 0.46 (0.15-1.39) .168 1.36 (0.59-3.14) .478
Readmission 0.86 (0.69-1.07) .170 0.97 (0.76-1.22) .772
Mortality 0.49 (0.13-1.81) .286 2.44 (1.02-5.81) .045
Nonhome discharge 1.09 (0.95-1.24) .214 1.51 (1.32-1.72) <.001
LOS of 2 or more days 1.04 (0.96-1.12) .337 1.12 (1.03-1.22) .007

CI, confidence interval; SSI, surgical site infection; CVA, cerebrovascular accident; LOS, length of stay.
Significance set to P < .05.
Bold values indicate statistically significant values (P < .05).

Table VI
Association between risk of complications following total shoulder arthroplasty and elderly dehydration status cohorts (subgroup analysis).

Postoperative complications Moderately dehydrated Severely dehydrated

Odds ratio (95% CI) P value Odds ratio (95% CI) P value

Superficial SSI 2.03 (0.75-5.49) .164 0.93 (0.24-3.62) .912
Deep SSI 1.98 (0.10-40.15) .657 0.00 (0.00-0.00) .983
Organ space SSI 0.39 (0.08-1.80) .225 0.56 (0.12-2.60) .457
Reoperation 0.76 (0.48-1.21) .240 0.74 (0.44-1.25) .257
Wound dehiscence 0.00 (0.00-0.00) .970 0.00 (0.00-0.00) .999
Stroke/CVA 1.56 (0.39-6.27) .535 0.43 (0.05-3.91) .454
Cardiac complications 1.41 (0.57-3.49) .456 2.42 (1.02-5.76) .046
Respiratory complications 1.13 (0.69-1.83) .632 1.28 (0.77-2.15) .343
Renal complications 0.49 (0.05-4.76) .540 2.62 (0.58-11.89) .211
Urinary tract infection 0.79 (0.44-1.42) .434 1.36 (0.78-2.37) .277
Bleeding transfusions 1.44 (1.02-2.02) .038 1.81 (1.26-2.58) .001
Deep vein thrombosis 0.86 (0.38-1.95) .708 1.28 (0.56-2.90) .561
Sepsis/septic shock 0.18 (0.02-1.45) .108 1.05 (0.32-3.45) .938
Readmission 0.96 (0.72-1.27) .759 1.15 (0.86-1.55) .338
Mortality 2.36 (0.39-14.16) .347 9.10 (1.92-43.11) .005
Nonhome discharge 1.12 (1.03-1.39) .017 1.64 (1.41-1.92) <.001
LOS of 2 or more days 1.09 (0.99-1.20) .083 1.18 (1.06-1.31) .003

CI, confidence interval; SSI, surgical site infection; CVA, cerebrovascular accident; LOS, length of stay.
Significance set to P < .05.
Bold values indicate statistically significant values (P < .05).
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the reduction of hospital costs.21,22 Furthermore, it can bolster the
communication between the physician and the patient, providing
clear expectations regarding the probable outcomes and the plans
for discharge.27 Dehydration is a common issue found among
elderly patients undergoing arthroplasty, primarily due to
decreased total body water. Often, these patients also suffer from
disabilities, chronic fatigue, and orthostatic hypotension. These
conditions pose further challenges toward regaining functional
independence.12 Despite the preventability of dehydration, the
value of BUN/Cr as a reliable predictor of postoperative complica-
tions is frequently overlooked in clinical practice.3 Specifically, the
ratio of BUN to Cr can be useful to differentiate prerenal from renal
causes when the BUN is increased. In prerenal causes such as
chronic dehydration, the ratio is close to 20:1, while in intrinsic
renal disease such as acute kidney failure, it is closer to 10:1.7

This study identified a significant prevalence of dehydration
among TSA patients, with 50% of all patients and 51.9% of elderly
497
patients affected before surgery. This highlights the widespread
nature of dehydration, a condition frequently documented in
Medicare hospitalization reports.34 Factors such as older age and
female gender were also associated with preoperative dehydra-
tion. This can likely be attributed to physiological changes linked
to aging and a smaller body surface area, which can exacerbate
fluid and electrolyte imbalances.10 Moreover, dehydrated patients
were more likely to have hypertension. This correlation might
stem from chronic insufficient water intake, which can boost the
activity of serum and glucocorticoid-inducible kinase 1, a key
player in the onset of hypertension.13 In line with previous
research, smokers showed a lower likelihood of dehydration,
potentially due to alterations in creatinine clearance.8,18 Addi-
tionally, this study found a higher propensity for dehydration
among diabetic patients. High blood glucose levels can trigger
intravascular hypertonicity and osmotic diuresis, resulting in a
deficiency in intracellular fluid.14
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Cardiac function is inextricably linked to fluid status,15 and this
is of particular importance for patients undergoing surgery of any
kind. The present study identified poor hydration as a strong in-
dependent predictor of postoperative myocardial infarction or
cardiac arrest in elderly individuals undergoing TSA. This infor-
mation is particularly pertinent to older patients, who often have a
history of cardiac issues and varying levels of autonomic dysfunc-
tion. With normal aging or due to certain health conditions, the
efficiency of the autonomic nervous system gradually diminishes.16

Dehydration can lead to an elevated heart rate, increased blood
pressure, and overall cardiac stress.6,16 This added burden can
heighten the risk of myocardial infarction or cardiac arrest in
elderly patients, who may already have compromised heart
function.

Our findings suggest that, compared to euvolemic patients,
dehydrated patients are more likely to be transferred to a skilled
nursing facility or rehabilitation unit and require hospital stays of
more than 2 days. Increased duration of stay due to preoperative
dehydration has significant implications for billing, hospital bed
availability, and hospital service quality metrics. Effective preop-
erative hydration management is particularly critical in elderly
patients, who are at a higher risk for hospital-acquired infections
and increased frailty. Optimizing hydration status before surgery
could potentially reduce complications associated with
hypohydration.28

In addition, preoperative dehydration was as an independent
risk factor for postoperative anemia necessitating blood trans-
fusions. Multiple studies have reported an increased risk of post-
operative infections, extended hospital stays, higher mortality
rates, increased strain on the circulatory system, and elevated costs
linked to postoperative allogenic blood transfusions.20 Given that
TSA can potentially lead to significant perioperative blood loss, it is
vital for healthcare providers to understand that hemoglobin con-
centration can fluctuate significantly depending on the intravas-
cular volume levels within a brief timeframe.25 In many cases,
patients seen during preoperative clinic visits might present with
seemingly normal or high hemoglobin levels due to hemoconcen-
tration, potentially concealing an underlying pre-existing anemia.
Anesthetic agents used during surgery can cause further hypoten-
sion, necessitating the administration of crystalloid fluids. These
fluids can reverse the effects of hemoconcentration, potentially
revealing postoperative anemia that requires transfusion.25 This
could explain the drastic decline in hemoglobin levels following
TSA, even when minimal blood losses are reported during the
surgery.

Identifying dehydrated patients who are at risk based on indi-
vidual clinical symptoms, fluid balance records, and independent
tests can be a challenging task for healthcare providers. However,
past research has recognized the BUN/Cr ratio as a dependable
laboratory marker for dehydration.9 This study is distinctive in its
approach, as it not only categorizes dehydrated patients and the
different degrees of dehydration for complications but it also per-
forms a subgroup analysis of elderly patients to account for age-
related variations in fluid and electrolyte management. Although
a BUN/Cr ratio more than 20 has been traditionally used as a
benchmark for identifying dehydration, recent geriatric research
has revealed the usefulness of ratios more than 25 to signal severe
dehydration.23,29,30,32 To isolate dehydration, rather than kidney
dysfunction, as an independent risk factor for complications, we
excluded cases with serum creatinine levels exceeding 1.3 mg/dL.24

Both genders have shown a correlation between levels higher than
1.3 and a decrease in the glomerular filtration rate, indicating renal
dysfunction. Conversely, creatinine may be low due to malnutrition
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or low muscle mass. Our study accounted for abnormal creatinine
levels and excluded patients with low creatinine levels from our
elderly subgroup cohort.

For patients with preoperative dehydration, intervention often
depends on the severity and the underlying causes. Increasing oral
fluid intake may be beneficial for patients with mild to moderate
dehydration. This is supported by one study which demonstrated
the advantages of liquid intake up to 2 hours before surgery by
reducing the risk of complications associated with dehydration.33

Patients with severe dehydration or a history of renal disease
may also benefit from consultationwith a primary care physician or
a nephrologist. These specialists can aid with fluid management
and determine the need for intravenous fluid therapy. Finally, if the
initial results suggest significant dehydration, it might be advisable
to repeat the laboratories before surgery.

There are some key limitations related to data collection and
study design that warrant further investigation. Although the
dataset was derived from a diverse population nationwide and
from various preoperative ambulatory settings, the broad range of
in-patient hospital environments and varying levels of surgical
expertise may influence outcomes. Different institutions may have
different preoperative procedures for elective TSA, but including
patients from both academic and private practices in rural and
urban centers enhances the generalizability of our results. In
addition, the absence of information regarding the use of poten-
tially nephrotoxic medications, such as anti-inflammatories, or the
occurrence of perioperative fevers could potentially affect BUN/Cr
levels, leading to elevated levels that may not be directly attribut-
able to dehydration status. Presurgical fasting might also cause
slight variations in BUN/Cr levels.

Finally, our study could only include patients with available
BUN/Cr to identify dehydration, as information concerning peri-
operative hydrotherapy or urinary indices was absent from the
database. While urinary indices might assist in confirming dehy-
dration, prior research has indicated that urine color, urine specific
gravity, and urine osmolality provide limited diagnostic value in
elderly patients due to age-related alterations in kidney function
and urine concentration.9 Nevertheless, the principal strength of
our study is its robust sample size, which facilitated the detection of
relationships between dehydration and less common postoperative
complications such as cardiac complications. It has also been
shown in the literature that the robustness of the NSQIP database is
superior to other national databases in terms of consistency,
completion of data input, and accuracy.4,11,36 Furthermore, this
study was able to adjust for many comorbidities and patient char-
acteristics in our multivariate analysis. Finally, this study has broad
implications to the preoperative screening and optimization of
patients undergoing shoulder arthroplasty.

Conclusion:

BUN/Cr ratio serves as a crucial preoperative diagnostic tool for
identifying dehydrated patients who are at risk and preparing to
undergo elective TSA. Chronic dehydration, frequently an under-
recognized and modifiable risk factor, should be proactively
managed before elective TSA, particularly in older patients. Doing
so can help decrease the likelihood of postoperative transfusion,
mortality, discharge to facilities other than home, cardiac
complications, and lengthened hospital stays.

Disclaimers:

Funding: No funding was disclosed by the authors.



M. Kim, N. Tsouris, B.E. Lung et al. JSES International 8 (2024) 491e499
Conflicts of interest: The authors, their immediate families, and any
research foundation with which they are affiliated have not
received any financial payments or other benefits from any
commercial entity related to the subject of this article.
References

1. Abcar AC, Chan L, Yeoh H. What to do for the patient with minimally elevated
creatinine level? Perm J 2004;8:51-3. https://doi.org/10.7812/TPP/03-119.

2. Campbell N. Innovations to support hydration care across health and social
care. Br J Community Nurs 2016;Suppl Nutrition:S24-9. https://doi.org/
10.12968/bjcn.2016.21.Sup7.S24.

3. Chan HYL, Cheng A, Cheung SSS, Pang WW, Ma WY, Mok LC, et al. Association
between dehydration on admission and postoperative complications in older
persons undergoing orthopaedic surgery. J Clin Nurs 2018;27:3679-86. https://
doi.org/10.1111/jocn.14336.

4. Faciszewski T, Broste SK, Fardon D. Quality of data regarding diagnoses of
spinal disorders in administrative databases. A multicenter study. J Bone Joint
Surg Am 1997;79:1481-8.

5. Fu MC, Boddapati V, Dines DM, Warren RF, Dines JS, Gulotta LV. The impact of
insulin dependence on short-term postoperative complications in diabetic
patients undergoing total shoulder arthroplasty. J Shoulder Elbow Surg
2017;26:2091-6. https://doi.org/10.1016/j.jse.2017.05.027.

6. Gelber DA, Pfeifer M, Dawson B, Schumer M. Cardiovascular autonomic ner-
vous system tests: determination of normative values and effect of con-
founding variables. J Auton Nerv Syst 1997;62:40-4.

7. Gounden V, Bhatt H, Jialal I. Renal function tests. Treasure Island (FL): Stat-
Pearls; 2023. ineligible companies. Disclosure: Harshil Bhatt declares no rele-
vant financial relationships with ineligible companies. Disclosure: Ishwarlal
Jialal declares no relevant financial relationships with ineligible companies.:
StatPearls Publishing Copyright © 2023, StatPearls Publishing LLC.

8. Halimi JM, Giraudeau B, Vol S, Cac�es E, Nivet H, Lebranchu Y, et al. Effects of
current smoking and smoking discontinuation on renal function and protein-
uria in the general population. Kidney Int 2000;58:1285-92.

9. Hooper L, Abdelhamid A, Attreed NJ, Campbell WW, Channell AM, Chassagne P,
et al. Clinical symptoms, signs and tests for identification of impending and
current water-loss dehydration in older people. Cochrane Database Syst Rev
2015;2015:Cd009647. https://doi.org/10.1002/14651858.CD009647.pub2.

10. Kalra SK, Thilagar B, Khambaty M, Manjarrez E. Post-operative anemia after
Major surgery: a brief review. Current Emergency and Hospital Medicine Re-
ports 2021;9:89-95. https://doi.org/10.1007/s40138-021-00232-x.

11. Kim L, Mabry C, Kimberg VS. Quality of benchmarks for assessment of care will
influence outcome. J Craniofac Surg 2007;18:1504. https://doi.org/10.1097/
scs.0b013e3181441afc.

12. Kumar VN, Redford JB. Rehabilitation of hip fractures in the elderly. Am Fam
Physician 1984;29:173-80.

13. Lang F, Guelinckx I, Lemetais G, Melander O. Two liters a day keep the doctor
away? considerations on the pathophysiology of suboptimal fluid intake in the
common population. Kidney Blood Press Res 2017;42:483-94. https://doi.org/
10.1159/000479640.

14. Liamis G, Liberopoulos E, Barkas F, Elisaf M. Diabetes mellitus and electrolyte
disorders. World J Clin Cases 2014;2:488-96. https://doi.org/10.12998/
wjcc.v2.i10.488.

15. Mehlsen J, Boesen F. Substantial effect of acute hydration on blood pressure in
patients with autonomic failure. Clin Physiol 1987;7:243-6.

16. Moodithaya S, Avadhany ST. Gender differences in age-related changes in
cardiac autonomic nervous function. J Aging Res 2012;2012:679345. https://
doi.org/10.1155/2012/679345.

17. Mukand JA, Cai C, Zielinski A, Danish M, Berman J. The effects of dehydration on
rehabilitation outcomes of elderly orthopedic patients. Arch Phys Med Rehabil
2003;84:58-61. https://doi.org/10.1053/apmr.2003.50064.
499
18. Ohkuma T, Nakamura U, Iwase M, Ide H, Fujii H, Jodai T, et al. Effects of
smoking and its cessation on creatinine- and cystatin C-based estimated
glomerular filtration rates and albuminuria in male patients with type 2 dia-
betes mellitus: the Fukuoka Diabetes Registry. Hypertens Res 2016;39:744-51.
https://doi.org/10.1038/hr.2016.51.

19. Renfree SP, Chung AS, Waldrop RA, Crandall D, Chang MS. Preoperative
dehydration does not increase the risk of complications following elective
lumbar surgery. Spine 2019;44:E1336-41. https://doi.org/10.1097/brs.0000
000000003149.

20. Saleh A, Small T, Chandran Pillai AL, Schiltz NK, Klika AK, Barsoum WK. Allo-
genic blood transfusion following total hip arthroplasty: results from the
nationwide inpatient sample, 2000 to 2009. J Bone Joint Surg Am 2014;96:
e155. https://doi.org/10.2106/jbjs.M.00825.

21. Saucedo JM, Marecek GS, Wanke TR, Lee J, Stulberg SD, Puri L. Understanding
readmission after primary total hip and knee arthroplasty: who's at risk?
J Arthroplasty 2014;29:256-60. https://doi.org/10.1016/j.arth.2013.06.003.

22. Schairer WW, Sing DC, Vail TP, Bozic KJ. Causes and frequency of unplanned
hospital readmission after total hip arthroplasty. Clin Orthop Relat Res
2014;472:464-70. https://doi.org/10.1007/s11999-013-3121-5.

23. Schrock JW, Glasenapp M, Drogell K. Elevated blood urea nitrogen/creatinine
ratio is associated with poor outcome in patients with ischemic stroke. Clin
Neurol Neurosurg 2012;114:881-4. https://doi.org/10.1016/j.clineuro.
2012.01.031.

24. Shahbaz H, Gupta M. Creatinine clearance. Treasure Island (FL): StatPearls;
2023. ineligible companies. Disclosure: Mohit Gupta declares no relevant
financial relationships with ineligible companies.: StatPearls Publishing
Copyright © 2023, StatPearls Publishing LLC.

25. Shander A, Roy RC. Postoperative anemia: a sign of treatment failure. Anesth
Analg 2016;122:1755-9. https://doi.org/10.1213/ane.0000000000001272.

26. Shimizu M, Kinoshita K, Hattori K, Ota Y, Kanai T, Kobayashi H, et al. Physical
signs of dehydration in the elderly. Intern Med 2012;51:1207-10. https://
doi.org/10.2169/internalmedicine.51.7056.

27. Soohoo NF, Farng E, Lieberman JR, Chambers L, Zingmond DS. Factors that
predict short-term complication rates after total hip arthroplasty. Clin
Orthop Relat Res 2010;468:2363-71. https://doi.org/10.1007/s11999-010-
1354-0.

28. Statz JM, Odum SM, Johnson NR, Otero JE. Failure to medically optimize
before total hip arthroplasty: which modifiable risk factor is the Most
dangerous? Arthroplast Today 2021;10:18-23. https://doi.org/10.1016/
j.artd.2021.05.021.

29. Stookey JD, Pieper CF, Cohen HJ. Is the prevalence of dehydration among
community-dwelling older adults really low? Informing current debate over
the fluid recommendation for adults aged 70þyears. Public Health Nutr
2005;8:1275-85. https://doi.org/10.1079/phn2005829.

30. Thomas DR, Tariq SH, Makhdomm S, Haddad R, Moinuddin A. Physician
misdiagnosis of dehydration in older adults. J Am Med Dir Assoc 2004;5:S30-4.
https://doi.org/10.1097/01.Jam.0000083444.46985.16.

31. Thongprayoon C, Cheungpasitporn W, Kashani K. Serum creatinine level, a
surrogate of muscle mass, predicts mortality in critically ill patients. J Thorac
Dis 2016;8:E305-11. https://doi.org/10.21037/jtd.2016.03.62.

32. Uchino S, Bellomo R, Goldsmith D. The meaning of the blood urea nitrogen/
creatinine ratio in acute kidney injury. Clin Kidney J 2012;5:187-91. https://
doi.org/10.1093/ckj/sfs013.

33. Voldby AW, Brandstrup B. Fluid therapy in the perioperative setting-a clinical
review. J Intensive Care 2016;4:27. https://doi.org/10.1186/s40560-016-
0154-3.

34. Warren JL, BaconWE, Harris T, McBean AM, Foley DJ, Phillips C. The burden and
outcomes associated with dehydration among US elderly, 1991. Am J Public
Health 1994;84:1265-9.

35. Watso JC, Farquhar WB. Hydration status and cardiovascular function. Nutri-
ents 2019;11:1866. https://doi.org/10.3390/nu11081866.

36. Weiss A, Anderson JE, Chang DC. Comparing the national surgical quality
improvement program with the nationwide inpatient sample database.
JAMA Surg 2015;150:815-6. https://doi.org/10.1001/jamasurg.2015.0962.

https://doi.org/10.7812/TPP/03-119
https://doi.org/10.12968/bjcn.2016.21.Sup7.S24
https://doi.org/10.12968/bjcn.2016.21.Sup7.S24
https://doi.org/10.1111/jocn.14336
https://doi.org/10.1111/jocn.14336
http://refhub.elsevier.com/S2666-6383(24)00024-0/sref4
http://refhub.elsevier.com/S2666-6383(24)00024-0/sref4
http://refhub.elsevier.com/S2666-6383(24)00024-0/sref4
https://doi.org/10.1016/j.jse.2017.05.027
http://refhub.elsevier.com/S2666-6383(24)00024-0/sref6
http://refhub.elsevier.com/S2666-6383(24)00024-0/sref6
http://refhub.elsevier.com/S2666-6383(24)00024-0/sref6
http://refhub.elsevier.com/S2666-6383(24)00024-0/sref7
http://refhub.elsevier.com/S2666-6383(24)00024-0/sref7
http://refhub.elsevier.com/S2666-6383(24)00024-0/sref7
http://refhub.elsevier.com/S2666-6383(24)00024-0/sref7
http://refhub.elsevier.com/S2666-6383(24)00024-0/sref7
http://refhub.elsevier.com/S2666-6383(24)00024-0/sref8
http://refhub.elsevier.com/S2666-6383(24)00024-0/sref8
http://refhub.elsevier.com/S2666-6383(24)00024-0/sref8
http://refhub.elsevier.com/S2666-6383(24)00024-0/sref8
https://doi.org/10.1002/14651858.CD009647.pub2
https://doi.org/10.1007/s40138-021-00232-x
https://doi.org/10.1097/scs.0b013e3181441afc
https://doi.org/10.1097/scs.0b013e3181441afc
http://refhub.elsevier.com/S2666-6383(24)00024-0/sref12
http://refhub.elsevier.com/S2666-6383(24)00024-0/sref12
https://doi.org/10.1159/000479640
https://doi.org/10.1159/000479640
https://doi.org/10.12998/wjcc.v2.i10.488
https://doi.org/10.12998/wjcc.v2.i10.488
http://refhub.elsevier.com/S2666-6383(24)00024-0/sref15
http://refhub.elsevier.com/S2666-6383(24)00024-0/sref15
https://doi.org/10.1155/2012/679345
https://doi.org/10.1155/2012/679345
https://doi.org/10.1053/apmr.2003.50064
https://doi.org/10.1038/hr.2016.51
https://doi.org/10.1097/brs.0000000000003149
https://doi.org/10.1097/brs.0000000000003149
https://doi.org/10.2106/jbjs.M.00825
https://doi.org/10.1016/j.arth.2013.06.003
https://doi.org/10.1007/s11999-013-3121-5
https://doi.org/10.1016/j.clineuro.2012.01.031
https://doi.org/10.1016/j.clineuro.2012.01.031
http://refhub.elsevier.com/S2666-6383(24)00024-0/sref24
http://refhub.elsevier.com/S2666-6383(24)00024-0/sref24
http://refhub.elsevier.com/S2666-6383(24)00024-0/sref24
http://refhub.elsevier.com/S2666-6383(24)00024-0/sref24
https://doi.org/10.1213/ane.0000000000001272
https://doi.org/10.2169/internalmedicine.51.7056
https://doi.org/10.2169/internalmedicine.51.7056
https://doi.org/10.1007/s11999-010-1354-0
https://doi.org/10.1007/s11999-010-1354-0
https://doi.org/10.1016/j.artd.2021.05.021
https://doi.org/10.1016/j.artd.2021.05.021
https://doi.org/10.1079/phn2005829
https://doi.org/10.1097/01.Jam.0000083444.46985.16
https://doi.org/10.21037/jtd.2016.03.62
https://doi.org/10.1093/ckj/sfs013
https://doi.org/10.1093/ckj/sfs013
https://doi.org/10.1186/s40560-016-0154-3
https://doi.org/10.1186/s40560-016-0154-3
http://refhub.elsevier.com/S2666-6383(24)00024-0/sref34
http://refhub.elsevier.com/S2666-6383(24)00024-0/sref34
http://refhub.elsevier.com/S2666-6383(24)00024-0/sref34
https://doi.org/10.3390/nu11081866
https://doi.org/10.1001/jamasurg.2015.0962

	Cumulative effect of chronic dehydration and age on postoperative complications after total shoulder arthroplasty
	Methods
	Results
	Discussion
	Conclusion:
	Disclaimers:
	References


