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Background: As the incidence of total joint arthroplasty (TJA) increases, identifying methods for cost
reduction is essential. Basic metabolic panels (BMPs) are obtained routinely after TJA. We aimed at
assessing the prevalence of intervention secondary to abnormal BMPs after primary TJA and at identi-
fying predictors of the need for postoperative BMPs.
Methods: We reviewed 802 cases (758 patients) of primary lower-extremity TJA performed from January
1 through December 31, 2018, at our tertiary care medical center. Patient characteristics, preoperative
and postoperative BMPs, comorbidities, current medications, and in-hospital interventions were recor-
ded. Age-adjusted Charlson Comorbidity Index (AA-CCI) values were calculated. Institutional costs of 1
BMP and of all BMPs not prompting intervention were calculated. We used multiple regression to
identify independent predictors of in-hospital interventions secondary to abnormal postoperative BMPs.
Results: Our institutional BMP cost was $36. A total of 1032 postoperative BMPs were ordered; 958 (93%)
prompted no intervention. This equated to $34,488 of avoidable BMP costs. We identified 27 cases (3.4%)
requiring intervention secondary to abnormal BMPs. Independent predictors of intervention were pre-
operative renal dysfunction (ie, abnormal creatinine or glomerular filtration rate <60 mL/min) (odds
ratio [OR], 7.8; 95% confidence interval [CI], 2.8-22), number of current nephrotoxic medications (OR, 1.9;
95% CI, 1.3-2.9), and AA-CCI value (OR, 1.2; 95% CI, 1.0-1.5).
Conclusion: Routine postoperative BMPs are unwarranted for most patients undergoing primary TJA.
Testing may be reserved for those with renal dysfunction, those taking multiple nephrotoxic medica-
tions, or those with a high AA-CCI value.

© 2020 Published by Elsevier Inc.
Primary lower-extremity total joint arthroplasty (TJA) is one of
the most common procedures in the United States and is projected
to increase in incidence [1]. Cost reduction is an important topic in
TJA management because of the procedure’s increasingly large
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economic burden [2,3]. Identifying methods to control spending
while maintaining patient safety and quality of care is essential
[2,4]. Recent focus has shifted to cost reduction methods such as
bundled payment models, outpatient arthroplasty in select pa-
tients, and reducing rates of discharge to postacute care [4e8].

One area for potential cost reduction is routine laboratory
testing, which is commonly performed daily for all hospitalized
patients at many institutions. Unnecessary laboratory testing is a
substantial source of healthcare expenses, with very low rates of
abnormal values that prompt further intervention [9e11]. The basic
metabolic panel (BMP) is one such test that, although useful in
determining a patient’s readiness for surgery [12,13], may not be
necessary for all patients postoperatively.

We aimed at identifying patient-related variables that predict a
change in clinical course based on abnormal postoperative BMP
values. By identifying these factors, we aimed at identifying
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Fig. 1. Percentage of abnormal postoperative basic metabolic panel (BMP) values and
interventions required because of these values in 802 cases of primary total joint
arthroplasty (TJA).
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patients for whom BMP testing provides value. We hypothesized
that routine postoperative BMP testing would be effective only in
patients with major renal impairment or substantial comorbidity
burden.

Methods

We retrospectively reviewed 818 primary elective cases of uni-
lateral TJA at our tertiary care medical center performed from
January 1 through December 31, 2018. We excluded 16 same-day
discharge cases without postoperative laboratory values, resulting
in 802 TJA procedures (360 [45%] cases of total hip arthroplasty and
442 [55%] cases of total knee arthroplasty) performed for 758 pa-
tients. This study was approved by our institutional review board.

Data Collection

We extracted the following patient data from our electronic
medical record system: age, sex, race, body mass index, American
Society of Anesthesiologists Physical Status (ASA-PS) classification,
medical comorbidities, current medications, preoperative and
postoperative laboratory values, in-hospital medical interventions
performed because of abnormal BMP values, in-hospital compli-
cations, and readmissions within 90 days. Age-adjusted Charlson
Comorbidity Index (AA-CCI) values were calculated by using the
extracted information [14]. The cost of a BMP test at our institution
was determined.

Nephrotoxicity of current medications was determined ac-
cording to the methods of Ehrmann et al [15]. Laboratory values
were classified as abnormal if they were outside the following
ranges: sodium, 135-145 mmol/L [16]; potassium, 3.6-5.2 mmol/L
[17]; creatinine, >1.3 mg/dL in men and >1.1 mg/dL in women [18];
and glucose, >125 mg/dL [19]. Renal dysfunction was defined as
preoperative abnormal creatinine or glomerular filtration rate <60
mL/min. A binary variable of preoperative abnormal BMP was
created according to whether each case had abnormal values for
sodium, potassium, creatinine, and/or glucose.

Documented medical interventions included fluid bolus admin-
istration, fluid restriction, electrolyte management, addition or
discontinuation of medication, sliding scale insulin, and hospitalist
consultation. We did not consider sliding scale insulin administra-
tion to patients with abnormal glucose control to be a medical
intervention because this was the standard of practice at our insti-
tution for diabetic patients. In addition, point-of-care fingerstick
glucose tests were used by our institution to monitor postoperative
glucose levels rather than BMPs in patients with a history of diabetes
mellitus. An abnormal postoperative BMP result was defined as an
abnormal value for sodium, potassium, and/or creatinine. In-hospital
complications were acute kidney injury, delirium, myocardial
infarction, thromboembolic event, and intensive care unit admission.
Acute kidney injury was assessed using serum creatinine and the
Kidney Disease: Improving Global Outcomes criteria: either an in-
crease in creatinine of 0.3mg/dLwithin 48 hours or an increase to 1.5
times the preoperative value [20].

Statistical Analysis

Continuous variables were analyzed with Student t-tests or
Kruskal-Wallis tests as appropriate and reported as means ±
standard deviations. Categorical variables were analyzed with chi-
squared or Fisher exact tests as appropriate and reported as fre-
quencies. A subanalysis of rates of intervention secondary to
abnormal BMPs was conducted on the basis of ASA-PS score >2 or
�2. Variables with P values < .1 were included in a multiple logistic
regression model to identify independent predictors of medical
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intervention secondary to abnormal BMP values and adjust for
potential confounders. Our binary logistic regression model relied
on the events per predictor variable findings of Vittinghoff and
McCulloch [21] to determine the number of covariates in our model
based on sample size. Results of the regression analysis are re-
ported as odds ratios (ORs) with 95% confidence intervals (CIs). The
total cost of all BMP testing that did not lead to in-hospital inter-
ventionwas calculated. Statistical significance was set at P < .05. All
statistical analyses were conducted using Stata, version 15.0, soft-
ware (Stata Corporation, College Station, TX).
Results

Prevalence of Abnormal BMP Values

Overall, 115 cases (14%) involved abnormal postoperative BMP
values (Fig. 1). Forty-seven cases (6%) involved abnormal sodium
values, with none prompting intervention. Twenty-five cases (3%)
involved abnormal potassium values, with 10 prompting inter-
vention (potassium supplementation, sodium polystyrene sulfo-
nate administration, consultation, or discontinuing medication).
Sixty-six cases (8%) involved abnormal creatinine values, with 20
prompting intervention (fluid bolus, consultation, or withholding
medication). Three cases involved interventions secondary to
abnormal values of both potassium and creatinine. Normal preop-
erative BMP values were found in 641 cases (80%), of which 56
(8.7%) had abnormal postoperative values. Abnormal preoperative
BMP values were found in 161 cases (20%), of which 59 (37%) had
abnormal postoperative values, as well. Overall, 1032 BMP tests
were obtained, 958 (93%) of which were obtained for cases that did
not require postoperative intervention. The cost of a BMP at our
institution was $36. This equated to $34,488 of testing that did not
prompt any in-hospital intervention. In the 27 cases that prompted
interventions secondary to abnormal results, 74 BMP tests were
ordered. Postoperative complications were acute kidney injury (n¼
14), delirium (n ¼ 6), myocardial infarction (n ¼ 3), thromboem-
bolic event (n¼ 2), admission to the intensive care unit (n¼ 5), and
hospital readmission within 90 days (n ¼ 11) (Fig. 2).

Compared with patients who did not undergo an intervention,
those who did were more likely to have hypertension (81% vs 61%;
P¼ .03), congestive heart failure (26% vs 4%; P < .001), diabetes (44%
vs 15%; P < .001), renal dysfunction (74% vs 15%; P < .001), higher
AA-CCI value (5.3 vs 2.8; P < .001), abnormal preoperative BMP
value (52% vs 19%; P < .001), and a greater number of nephrotoxic
medications (1.9 vs 1.0; P ¼ .001) (Table 1).

There were 260 cases (32%) involving patients with an ASA-PS
score >2. Of this group, 17 (6.5%) required intervention secondary
VERSITY from ClinicalKey.com by Elsevier on August 
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Fig. 2. Number of in-hospital complications and 90-day readmissions stratified by
intervention because of postoperative BMP values in 802 cases of primary TJA. AKI,
acute kidney injury; ICU, intensive care unit; MI, myocardial infarction; TE,
thromboembolic.

Table 2
Odds of Medical Interventions Secondary to Abnormal BMP Results After Total Joint
Arthroplasty, Adjusted for Significant Covariates.

Variable Odds Ratio
(95% CI)

P

Abnormal preoperative BMP 1.2 (0.48-3.1) .67
Age-adjusted Charlson Comorbidity Indexa 1.2 (1.0-1.5) .045
Congestive heart failure 2.4 (0.79-7.5) .12
Diabetes 1.8 (0.66-4.9) .25
Hypertension 0.70 (0.22-2.3) .56
Number of nephrotoxic medicationsb 1.9 (1.3-2.9) .002
Renal dysfunction 7.8 (2.8-22) <.001

BMP, basic metabolic panel; CI, confidence interval.
a Odds ratio based on each 1-point increase in Charlson Comorbidity Index.
b Odds ratio based on each additional nephrotoxic medication.
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to an abnormal BMP. In the 541 (68%) cases involving patients with
an ASA-PS score of �2, 10 (1.8%) required intervention.

Independent Predictors of Intervention

In the multiple regression model, the following factors inde-
pendently predicted postoperative intervention secondary to
abnormal BMP values: renal dysfunction (OR, 7.8; 95% CI, 2.8-22; P
< .001), AA-CCI value (OR,1.2; 95% CI, 1.0-1.5; P¼ .045), and number
of current nephrotoxic medications (OR, 1.9; 95% CI, 1.3-2.9; P ¼
.002) (Table 2). Hypertension, congestive heart failure, diabetes,
and abnormal preoperative BMP values were not independently
associated with greater odds of postoperative interventions
because of abnormal BMP values.

Of the 252 cases (31%) involving preoperative renal dysfunction,
an AA-CCI value >4, or taking at least 3 nephrotoxic medications, 27
(11%) underwent postoperative interventions. None of the 550
cases (69%) without these characteristics underwent such
intervention.

Discussion

In our analysis of routine BMP testing after TJA, we found that
AA-CCI value, number of current nephrotoxic medications, and
preoperative renal dysfunction were independent predictors of
postoperative intervention secondary to abnormal BMP values.
Overall, 1032 BMP tests were obtained for the 802 cases included in
our study. Of these tests, 958 were obtained for cases that
Table 1
Differences in Perioperative Factors of 802 Elective Total Joint Arthroplasty Procedures.

Variable N (%)

All Cases
(N ¼ 802)

Procedure: THA 360 (45)
Female sex 457 (57)
Body mass index (kg/m2) 31 ± 5.1a

Age-adjusted Charlson Comorbidity Index 2.9 ± 1.9a

Hypertension 493 (61)
Congestive heart failure 35 (4.4)
Diabetes 132 (16)
Renal dysfunction 135 (17)
Number of home nephrotoxic medications 1.0 ± 1.0a

Abnormal preoperative BMP 159 (20)

BMP, basic metabolic panel; THA, total hip arthroplasty.
a Reported as mean ± standard deviation.
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underwent no interventions on the basis of the results. Testing
criteria including preoperative renal dysfunction, an AA-CCI value
>4, or at least 3 current nephrotoxic medications would have
captured all cases that prompted postoperative interventions in our
patient population.

Our findings are consistent with those of previous studies.
Kildow et al [22] examined the rates of abnormal BMP values in an
inpatient primary TJA population and recommended routine
postoperative BMP testing only in patients with chronic kidney
disease, diabetes, or abnormal preoperative laboratory results. The
authors reported a postoperative intervention rate of 31%, which is
substantially higher than our rate. We did not consider the
administration of sliding scale insulin in diabetic patients to be a
medical intervention based on BMP values because this is the
standard of care at our institution. Our results indicate that diabetes
alone likely does not warrant postoperative BMP testing. Glucose
monitoring may be managed with point-of-care glucose fingerstick
tests to adjust sliding scale insulin administration accordingly [23].
Another discrepancy between our results and those of Kildow et al
[22] was the rate of potassium-based interventions. The authors
reported a 33% rate of potassium-based interventions compared
with our rate of 1.2%. Fifteen of the 25 patients with abnormal
potassium levels did not undergo interventions, and none of these
patients had any complications during the hospital course. Simi-
larly, Greco et al [24] indicated that not all TJA patients require
postoperative potassium testing, noting that potassiummonitoring
should be performed only for patients with preoperative hypoka-
lemia or major medical comorbidities.

Halawi et al [25] and Shaner et al [26] conducted similar studies
in total and partial knee arthroplasty, respectively, and reported
BMP-related postoperative intervention rates of 4.4% and 1.6%,
which are more consistent with our results. These studies also
P

No Intervention
(N ¼ 775)

Intervention
(N ¼ 27)

346 (45) 14 (52) .46
445 (57) 12 (44) .18
31 ± 5.1a 31 ± 5.4a .61
2.8 ± 1.8a 5.3 ± 3.0a <.001
471 (61) 22 (81) .03
28 (3.6) 7 (26) <.001

120 (15) 12 (44) <.001
115 (15) 20 (74) <.001
1.0 ± 1.0a 1.9 ± 1.3a <.001
145 (19) 14 (52) <.001
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suggested that preoperative laboratory values, comorbidities, or
other patient characteristics such as age could be used to reduce
unnecessary laboratory testing because abnormal electrolyte
values rarely prompted intervention. Similar results have been re-
ported in other procedures, such as lumbar spinal surgery [10] and
female pelvic reconstructive surgery [10,11], but given the rising
incidence of arthroplasty, cost reduction in TJA is particularly
important. An important distinction of our study from previous
studies is our inclusion of current nephrotoxic medications as a
variable, which was not included in the studies mentioned above.
Nephrotoxic medications, such as diuretic agents or angiotensin-
converting enzyme inhibitors, can disrupt normal electrolyte bal-
ances and must be considered when determining whether patients
require electrolyte monitoring via BMPs.

Additionally, we found AA-CCI value to be an independent
predictor of BMP-based interventions. Although CCI and AA-CCI
values have been associated with rates of complications and
death after TJA [27,28], ours is the first study, to our knowledge, to
show a potential application in determining the need for routine
laboratory testing. The AA-CCI uses a validated method of quanti-
fying comorbidity burden that can be calculated easily, either as a
built-in formula within electronic medical record systems or
through free online applets [29].

One important consideration for the application of our findings
is in the TJA outpatient setting, which is expected to grow in the
coming years [30]. Many outpatient centers conduct same-day
discharge TJA without any postoperative laboratory testing.
Although several selection criteria have been developed to deter-
mine appropriateness for outpatient TJA [31,32], many of these
criteria do not include renal dysfunction or home nephrotoxic
medications [33e35]. Our findings suggest that patients with these
risk factors are at higher risk of an abnormal BMP that would
require an intervention, suggesting that these patients should
receive postoperative laboratory testing before being deemed
eligible for same-day discharge.

We reported 958 postoperative BMP tests that did not change
clinical management, equating to a potential savings of $34,488 in 1
year at our institution. However, variations in hospital charges for
laboratory tests suggest that this number could be substantially
higher at other institutions. Kildow et al [22] reported a much
higher cost of $297 per BMP test. A study of 189 hospitals in Cali-
fornia reported a median charge of $214 per BMP test [36]. These
studies suggest that the potential for cost reduction by selectively
performing postoperative BMP tests may be even greater at other
institutions.

One implication of halting routine testing is the potential to miss
conditions that could lead to major complications. The rate of major
complications is exceedingly low after primary TJA. Carl et al re-
ported a 2% rate in an assessment of the National Surgical Quality
Improvement Program [37]. When complications occur, most occur
in patients with high comorbidity burdens or severe renal disease
[28,38]. We found a very low rate of interventions secondary to
abnormal BMPs, evenwithin the subgroup of cases with ASA-PS >2.
Our findings suggest that using elevated AA-CCI, presence of renal
dysfunction, or multiple nephrotoxic medications as criteria would
catch the overwhelming majority of patients who may require
monitoring or potential intervention after primary TJA. Nonetheless,
we recognize the limitations of our sample size and acknowledge
that harm could occur if a substantial abnormality is missed because
postoperative laboratory tests were not performed. We expect that
further research in this area will help identify any additional risk
factors and enable surgeons to better assess the risk associated with
not obtaining routine laboratory studies in all patients.

Limitations of our study include those inherent to retrospective
studies. Our sample size was limited because of practical
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considerations related to our reliance on detailed medical record
review. The quality of our data was dependent on the thoroughness
of documentation by providers. Additionally, our cost estimate may
not be generalizable because the fee per test varies across in-
stitutions; however, the cost of a BMP at our institution is lower than
figures reported in the literature and likely underestimates potential
cost savings [36] at other institutions. The decision to intervene
because of abnormal laboratory values also varies by provider, and
some providersmay choose to intervene on the basis of the presence
of symptoms in combination with abnormal laboratory values.

In conclusion, our findings suggest that routine postoperative
BMP testing may be needed only in patients who have renal
impairment, are takingmultiple nephrotoxic medications, or have a
major comorbidity burden as reflected by the AA-CCI. Halting this
routine practice for all but a subset of patients may result in sub-
stantial cost reduction without changing clinical course because
most of our patients had no interventions prompted by abnormal
BMP values. By showing the low clinical utility of routine post-
operative BMP testing, we provide further evidence that routine
testing in all patients is likely unnecessary.
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