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Purpose: Glucocorticoids are commonly used as regional anesthesia adjuvants to improve blockade quality and duration. There are 
limited data in the literature regarding the potential systemic effects and safety of perineural glucocorticoids. This study examines the 
effects of perineural glucocorticoids on serum glucose, potassium, and white blood cell count (WBC) in the immediate postoperative 
period after primary total hip arthroplasty (THA).
Patients and Methods: A retrospective cohort study was carried out at a tertiary academic medical center utilizing electronic health 
records of 210 patients who underwent THA, for which patients received either a periarticular local anesthetic injection alone (PAI, 
N=132) or additional peripheral nerve blocks (PNB, N=78) containing 10 mg dexamethasone and 80 mg methylprednisolone acetate 
(PAI+PNB). The primary outcome was change in serum glucose from a preoperative baseline on postoperative days (POD) 1, 2, and 3. 
Secondary outcomes included changes in WBC and serum potassium.
Results: The change in serum glucose from baseline was found to be significantly higher in the PAI+PNB group compared to the PAI 
group on POD 1 (mean difference 19.87 mg/dL, 95% CI [12.42, 27.32]; P<0.001) and POD 2 (mean difference 17.5 mg/dL, 95% CI 
[9.66, 25.44], P<0.001). No significant difference was found on POD 3 (mean difference −8.18 mg/dL, 95% CI [−19.07, 2.70], 
P=0.14). Statistically significant but clinically insignificant differences were detected in serum potassium in the PAI+PNB group 
compared to the PAI group on POD1 (mean difference 0.16 mEq/L, 95% CI [0.02, 0.30], P=0.03) and WBC on POD 2 (mean 
difference 3.18 × 1000/mm3, 95% CI [2.14, 4.22], P<0.001).
Conclusion: Patients who underwent THA and received PAI+PNB with glucocorticoid adjuvants demonstrated higher elevations in 
serum glucose for the first two PODs compared to patients who received PAI alone. These differences resolved by a third POD and are 
likely to be of no clinical significance.
Keywords: perineural glucocorticoid, perineural dexamethasone, perineural methylprednisolone acetate, total Hip arthroplasty, fascia 
plane block, serum glucose

Introduction
Glucocorticoids have been used as local anesthetic adjuvants to prolong the duration and improve the quality of nerve 
blockade. Dexamethasone sodium phosphate (DXP), a common hydrophilic adjuvant, has rapid onset and prolongs 
peripheral nerve blockade for hours, while methylprednisolone acetate (MPA, Depo-Medrol) is suggested to prolong 
nerve blockade for days.1,2 While DXP and MPA have been used in peripheral nerve blocks (PNB) and epidural 
anesthesia without severe adverse events documented, there are little published data regarding their possible effects on 
fasting serum glucose (FSG), serum potassium, and white blood cell (WBC) counts following their use as local anesthetic 
adjuvants. Aberrancies in these lab values in the postoperative period could lead to further workup and unnecessary 
treatment potentially causing delays to hospital discharge. The primary hypothesis of this study was that a perineural 
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DXP/MPA combination administered through anterior quadratus lumborum (AQL)/lateral femoral cutaneous nerve 
(LFCN) blocks in total hip arthroplasty (THA) would be associated with modest changes in serum glucose, potassium, 
and WBC count in the postoperative period but that these changes would not have much clinical significance. To 
investigate this, a retrospective study was carried out that utilized electronic health records to investigate two commonly 
used strategies for pain control for THA patients at the study institution: spinal anesthetics with periarticular local 
anesthetic injection (PAI) alone or PAI in addition to peripheral nerve blocks (PNB) with glucocorticoid adjuvants.

Materials and Methods
Selection and Description of Participants
With Yale University institutional review board approval and exempt informed consent to this retrospective cohort study, 
data was collected from the electronic health records of all patients who underwent THA under spinal anesthesia between 
July 2017 and July 2019 in a single, academic teaching hospital. All data were immediately de-identified once the initial 
data collection was complete to maintain patient data confidentiality and compliance with the Declaration of Helsinki. 
Inclusion criteria were patients with hip osteoarthritis who underwent elective, unilateral, primary THA performed under 
spinal anesthesia intraoperatively with plain 0.5% spinal bupivacaine. Exclusion criteria were revision THA, bilateral 
THA, history of ipsilateral hip surgery, or intraoperative general anesthesia. Among the 228 consecutive patients 
undergoing elective unilateral, primary THA due to osteoarthritis, 18 were excluded (16 patients who received general 
instead of spinal anesthesia and 2 patients with incomplete postoperative records). Patients were grouped based on 
whether they received a spinal anesthetic with PAI alone (PAI group) or additionally received the AQL/LFCN block with 
glucocorticoid adjuvants (PAI+PNB group). The final analysis included 210 patients, with 132 in the PAI group and 78 in 
the PAI+PNB group. If a patient underwent two qualifying THAs in this time frame (N=28), each case was included. See 
Figure 1 for a consort diagram illustrating the cohort identification process.

Technical Information
Although this was a retrospective study, standard institutional guidance included instructions for all patients to fast after 
midnight on evening prior to surgery. At the time of this study, preoperative carbohydrate loading was not part of the 
protocols for orthopedic procedures at the study institute. All blocks in the study cohort were performed under ultrasound 
guidance in the preoperative area by a regional anesthesia trained anesthesiologist. The practice in the study institution 
was to use standard American Society of Anesthesiologists (ASA) monitors and minor sedation consisting of intravenous 

Total patients 
(N = 228)

Final included 
(N = 210)

Exclusion (N = 18)

N = 16 general but not spinal 

N = 2 incomplete postop records

PAI
(N = 132)

PAI+PNB 
(N = 78)

Figure 1 Flowchart of screened and excluded patients. 
Abbreviations: PAI, periarticular injection; PNB, peripheral nerve block.
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midazolam and fentanyl as needed. LFCN at the study institution is typically performed supine, while AQL is performed 
in the lateral decubitus position with operative side up. A total of 40 mL 0.2% ropivacaine, 5 mg of DXP, and 40 mg 
MPA was used for all AQL blocks, and 20 mL 0.2% ropivacaine, 5 mg of DXP, and 40 mg MPA were used for all LFCN 
blocks included in this retrospective analysis. Included patients received spinal anesthesia with 2.5–3 mL 0.5% isobaric 
plain bupivacaine in the operating room followed by propofol infusion for sedation and routine postoperative nausea/ 
vomiting prophylaxis including ondansetron 4 mg for one dose intravenously at the end of the procedure. 
Postoperatively, institutional care protocols prioritized restarting a full diet postoperatively with resumption of home 
diabetic medications concurrently. All laboratory data presented were taken from morning blood draws scheduled prior to 
breakfast delivery.

Outcomes
Data on patient characteristics including age, sex, body mass index (BMI), and ASA physical status, and baseline and 
postoperative values for three biomarkers (FSG, serum potassium, and WBC count) were collected. Surgical characteristics 
of anesthesia type, length of surgery, and perioperative adverse events and complications including delayed wound healing, 
wound infection, systemic infection, reoperation, diabetic ketoacidosis, cerebrovascular events, cardiovascular events, 
pulmonary complications (pneumonia, unplanned intubation), and falls were collected from the electronic health records 
for all patients for 90 days. The primary outcome was the difference between the two groups (PAI vs PAI+PNB) in changes 
in serum glucose levels from baseline to postoperative days 1, 2, and 3. Secondary outcomes were differences between the 
two groups of patients in change in WBC count and serum potassium from baseline on postoperative days 1, 2, and 3.

Statistical Analysis
All descriptive data are presented as number of observations (%) for categorical variables and mean value and standard 
deviation (SD) for continuous variables. Continuous variables were compared using the two-sample Welch’s t-test with 
unequal variances. Categorical data between two groups was compared using the Chi-Square test or Fisher’s exact test if 
the expected number of events was less than five. The mixed effect model for repeated measure was utilized to compare 
the difference of each outcome (FSG, potassium, and WBC, respectively) between two groups, in which its preoperative 
baseline value, time (eg, day 1, 2, and 3), group, and time by group interaction were adjusted as covariates, with an 
unstructured variance-covariance matrix specified to account for within-subject correlation of repeatedly measured 
values. The least square means of treatment difference and their 95% confidence intervals (CI) are reported. All statistical 
tests were performed using the statistical software SAS version 9.4 (Cary, NC). A two-sided p-value of less than 0.05 
without adjusting for multiple testing was considered to be statistically significant.

Results
Baseline Group Characteristics
The patient demographic data showed no statistically significant differences in age, sex, BMI, or ASA physical status 
between the PAI+PNB group and the PAI group (Table 1). There were no type I Diabetes Mellitus (DM) patients 
involved. More patients with Type II DM were found in the PAI group than the PAI + PNB group. The distribution of 
diabetic status was statistically significant between the two groups (3% for IDDM II and 4% for NIDDM II, respectively, 
in the PAI+PNB group vs 6% and 13%, respectively, in the PAI alone group, P=0.04). There were no significant 
differences in the preoperative laboratory values of glucose, potassium, and WBC count between the two groups.

Fasting Serum Glucose
Figure 2 shows the trend of postoperative absolute values of these three biomarkers and their changes from baseline on 
POD 1, 2, and 3 before covariate adjustment. After adjusting for covariate effects (Table 2 and Figure 3), the mean 
fasting glucose level of the PAI+PNB group increased by 27.54 mg/dL, 95% CI [21.45, 33.64] from the preoperative 
baseline value on POD 1, which was significantly higher compared to the increase of 7.67 mg/dL, 95% CI [3.42,11.93], 
from the baseline in the PAI group. This resulted in a mean difference of 19.87 mg/dL (95% CI [12.42, 27.32], P<0.001) 
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between the groups. The difference was also found to be statistically significant on POD 2 (mean difference 17.5 mg/dL, 
95% CI [9.66, 25.44], P<0.001), but was not found on POD 3 (mean difference −8.18 mg/dL, 95% CI [−19.07, 2.70], 
P=0.140).

Serum Potassium
For the secondary outcome serum potassium level, the difference in changes from baseline between the PAI+PNB and 
PAI group on POD 1 was statistically significant but clinically insignificant (mean difference 0.16 mEq/L, 95% CI [0.02, 
0.30], P=0.025). No statistically significant difference was found on POD 2 and POD 3 (Figure 3 and Table 2).

White Blood Cell Count
The difference in WBC changes from baseline between the PAI+PNB and PAI group demonstrated a small but 
statistically significant difference at POD 2 (mean difference 3.18 × 1000/mm3, 95% CI [2.14, 4.22], P<0.001). No 
statistically significant differences in WBC count were found on either POD 1 (mean difference 0.28 × 1000/mm3, 95% 
CI [−0.58, 1.13], P=0.53) or POD 3 (mean difference 0.64, 95% CI [−0.42, 1.69], P=0.24) (Figure 3 and Table 2).

Discussion
Perineural glucocorticoid use has gained popularity due to the suggestion that it provides longer duration of analgesic 
effects of nerve blocks without the adverse effects of systemic glucocorticoid administration.3,4 However, the actual 
systemic effects of perineural administration of glucocorticoids in real-world practice remain poorly studied and largely 
unknown.5 This study presents an analysis of the effects of perineural glucocorticoids on serum glucose, potassium, and 
WBC count, which are subjects of clinical importance that have not been well-described in the literature. Prolonged 
abnormal values of these parameters can lead to further unnecessary workup, prolonged hospitalizations, and increased 

Table 1 Summary of Patient Demographics and Baseline Characteristics

Characteristics PAI (N=132) PAI +PNB (N=78) P value

Age (year) 63.2 (11.23) 62.14 (11.25) 0.51

Male Gender 54 (41%) 42 (54%) 0.07

BMI (kg/m2) 29.77 (6.88) 29.05 (5.03) 0.76

Diabetes Mellitus 0.04

IDDM II 8 (6%) 2 (3%)

NIDDM II 17 (13%) 3 (4%)

None 107 (81%) 73 (94%)

ASA status 0.51

1–2 82 (62%) 52 (67%)

3–4 50 (38%) 26 (33%)

Preoperative Baseline Fasting Glucose (mg/dl) 105.27 (31.86) 109.42 (36.28) 0.39

Preoperative Baseline Potassium (mEq/L) 4.34 (0.40) 4.39 (0.52) 0.56

Preoperative Baseline WBC count (x 1000/mm3) 7.11 (2.37) 7.76 (2.76) 0.10

Surgical Duration (min) 136.90 (59.02) 155.72 (136.85) 0.22

Notes: Data are presented as mean (SD) and n (%). 
Abbreviations: PAI, periarticular injection; PNB, peripheral nerve block; BMI, body mass index; IDDM II, insulin dependent diabetes 
Mellitus type II; NIDDM II, non-insulin dependent diabetes Mellitus type II; ASA, American Society of Anesthesiologists; WBC, white 
blood cell count.
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medical costs. This analysis finds that among hip arthroplasty patients who receive glucocorticoids through peripheral 
nerve blocks as compared to similar patients without such treatment, there is in fact a small relative, clinically 
insignificant, increase from baseline in serum glucose levels during the first two postoperative days. The data suggests 
that while systemic effects of glucocorticoids within peripheral nerve blocks can be detected, the magnitude and duration 
of their systemic effects is unlikely to change clinical decision-making regarding their use in nerve blocks.6 In secondary 
analyses, effects on serum potassium were marginal and seen on POD 1 only, and differences in the degree of WBC 
count elevation from baseline between the two groups were seen only on POD 2.

These findings also highlight the importance of defining a clinically significant difference when evaluating statistical 
findings of clinical studies. The concept of minimal clinically important difference (MCID) has drawn significant 
attention in the medical literature as it is increasingly appreciated that statistical significance alone is not sufficient to 
inform clinical decision-making. While there are no formal MCID thresholds for perioperative serum glucose elevations, 
it is generally accepted that with the exception of IDDM I, insulin treatment in the acute perioperative period should be 
reserved for patients who reach a serum glucose of 180 mg/dL and above, and glucose levels ranging from 140 to 
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Figure 2 Absolute values and changes from baseline of glucose, potassium, and WBC count for the PAI and PAI+PNB groups before covariate adjustment. The data 
gathered for glucose, potassium and WBC values are displayed in panels (A–C), respectively. The left side of each panel displays data from the “Spinal with PAI” group and 
right side of each panel displays “Spinal with PAI+PNB” group. The absolute values for the preoperative, POD 1, POD 2 and POD 3 levels, and the change from preoperative 
baseline values for POD1, 2, and 3 are also shown. 
Abbreviations: PAI, periarticular injection; PNB, peripheral nerve block; POD, postoperative day.
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170 mg/dL have been associated with the lowest risk of adverse perioperative outcomes.7,8 The additional increase in 
serum glucose observed in the PAI+PNB group compared to the PAI alone group was 19.87 mg/dL with 95% CI [12.42, 
27.32] on POD 1 and 17.5 mg/dL with 95% CI [9.66, 25.34] on POD 2. A meta-analysis by Toner et al6 found a similar 

Table 2 Comparison of Changes in Glucose, Potassium, and WBC Count from Preoperative Baseline in the PAI and PAI+PNB 
Groups

Lab Values PAI (N=132) PAI +PNB (N=78) Difference (95% CI) P value

Change in glucose (mg/dl)

POD 1 7.67 [3.42, 11.93] 27.54 [21.45, 33.64] 19.87 [12.42, 27.32] <0.001

POD 2 22.01 [17.73, 26.29] 39.51 [32.96, 46.06] 17.5 [9.66, 25.34] <0.001

POD 3 16.42 [11.73, 21.11] 8.24 [−1.58, 18.05] −8.18 [−19.07, 2.70] 0.140

Change in potassium (mEq/L) 

POD 1 −0.11 [−0.18, −0.04] 0.05 [−0.07, 0.17] 0.16 [0.02, 0.30] 0.025

POD 2 −0.25 [−0.31, −0.19] −0.21 [−0.32, - 0.10] 0.03 [−0.09, 0.16] 0.601

POD 3 −0.34 [−0.43, −0.26] −0.16 [−0.4, 0.08] 0.18 [−0.07, 0.43] 0.162

Change in WBC count (x 1000/mm3)

POD 1 2.12 [1.64, 2.60] 2.39 [1.69, 3.10] 0.28 [−0.58, 1.13] 0.525

POD 2 2.47 [1.92, 3.02] 5.65 [4.77, 6.53] 3.18 [2.14, 4.22] <0.001

POD 3 2.81 [2.34, 3.28] 3.44 [2.51, 4.38] 0.64 [−0.42, 1.69] 0.235

Notes: Baseline value, time, treatment, treatment by group interaction were adjusted in the repeated measures regression analysis. Least square mean and 
95% CI are presented. 
Abbreviations: PAI, periarticular injection; PNB, peripheral nerve block; POD, postoperative day; WBC, white blood cell count.
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Figure 3 Trends of changes of postoperative laboratory values after covariate adjustment in the regression model with preoperative baseline values, time, group, and time 
by group interaction. Postoperative value changes compared to baseline for fasting serum glucose (A), potassium (B) and WBC (C) are displayed. 
Abbreviations: PAI, periarticular injection; PNB, peripheral nerve block; POD, postoperative day.
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increase of 20.0 mg/dL in perioperative glucose concentration after elective noncardiac surgery during which systemi
cally administered glucocorticoids in doses up to 22 mg of DXP were administered. This meta-analysis of 56 trials, 
including 5607 patients, determined the increase in glucose by 20.0 mg/dL to be clinically insignificant, and similarly in 
this study, the relative glucose elevation in the PAI+PNB group is considered clinically insignificant.

Literature regarding glucocorticoid effects in hip arthroplasty patients is limited. Intravenous glucocorticoids have 
been shown to be associated with transient serum glucose elevation for up to 6 hours in total knee or total hip 
replacement,9,10 but epidurally administered MPA has not been associated with significant glycemic effects even in 
diabetic patients.11 Similarly, prior studies comparing perineural and intravenous DXP did not reveal significant 
differences in glycemic control.12,13 This study used doses of glucocorticoids commonly used in previous studies 
including DXP 5 mg in the peripheral nerve blocks14 and MPA 40 mg in epidural injection, as previous studies suggest 
these doses do not raise serum glucose levels to problematic levels.15

In addition, what exactly constitutes a problematic elevation of serum glucose is controversial. Hyperglycemia has 
been implicated as a contributor to surgical site infection (SSI), and some studies have identified glucocorticoid 
administration as an independent risk factor for SSI following surgery.14,16 However, a recent meta-analysis suggests 
that perioperative glucocorticoids are not associated with wound infection or poor wound healing at doses equivalent to 2 
to 100 mg of DXP.6 A study on a cohort of 314 diabetic and nondiabetic total knee and hip arthroplasty patients showed 
that on the first night after surgery, up to 28.7% patients had a serum glucose of 180 mg/dL or higher, and on average 
serum glucose changed from 105.7 mg/dL (SD 2.1) preoperatively to 142.9 mg/dL (SD 4.3) in the evening following the 
surgery.17 The Centers for Disease Control (CDC) recommends that perioperative blood glucose levels should be kept 
<200 mg/dL in patients with and without diabetes to prevent surgical site infections. This level is much higher than the 
peak fasting serum glucose level of around 149 mg/dL seen in this study.16,18

Regarding the secondary endpoints, it is well described that hyperglycemia may be accompanied by changes in 
concentrations of various electrolytes.19–23 In this study, there was a small but statistically significant increase in 
potassium level on POD 1 in the PAI+PNB group, but the absolute values were well within normal physiological limits 
of 3.5–5.1 mEq/L (Figure 2).

There are limited studies on either the effects of glucocorticoids or the effects of total joint arthroplasty itself on WBC 
count.24 A study of 14,277 primary unilateral and bilateral total hip arthroplasty and total knee arthroplasty cases found 
postoperative leukocytosis in 38% of patients.25 The average increase in postoperative WBC count was approximately 3 
× 1000/mm3 during the first 2 postoperative days, which is consistent with the findings of this study (Table 2 and 
Figure 3).25 It is notable in this study that there was an increase in WBC count from baseline in the PAI+PNB group of 
5.31 × 1000/mm3 on POD 2 (Table 2 and Figure 3) with a peak absolute WBC count of around 13 × 1000/mm3 

(Figure 2). This moderate WBC elevation is worthy of further study, as even though elevations of this magnitude are non- 
specific, they could raise concerns about immediate peri-prosthetic infections.25 It should be noted that the modest 
leukocytosis associated with glucocorticoids, as seen in this study, typically does not present challenges in early 
identification of infection, as glucocorticoid-induced leukocytosis is not associated with left shift, a significant increase 
in band neutrophils, or fever, unlike an active infection.26 In the event of active infection with concurrent glucocorticoids 
usage, a further increase in WBC count would likely be observed.27 The potential risks and benefits of the administration 
of an immunosuppressive drug like glucocorticoids to patients undergoing total joint replacement surgery is a matter of 
ongoing debate, and the findings presented in this study, though suggestive of the safety of perineural glucocorticoid 
usage, cannot definitively rule out the potential for adverse immunosuppressive effects with accompanying increased risk 
of infection.

Limitations of this study include the retrospective nature of the study, with results subject to various biases including 
selection bias. The study is also from a single center and includes moderate sample size, raising questions about 
generalizability and reproducibility. Although ASA Physical Status was similar between the two groups, there was 
a notable difference in diabetic status between groups, with 6% vs 3% having IDDM II and 13% vs 4% having NIDDM 
II in the PAI alone group vs PAI+PNB group, respectively. This difference is possibly reflective of clinicians’ hesitancy 
to administer glucocorticoids to patients with preexisting glycemic control issues. While it cannot be certain how this 
observed imbalance in groups may have biased the results, it is reassuring to note that a previous study by Even et al15 
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showed the extent of serum glucose elevation through epidurally injected glucocorticoids was not related to pre- 
procedural diabetic control as indicated by hemoglobin A1c levels. In addition, some data points for this study were 
missing for various reasons, such as patient discharges prior to all data points being collected. However, these incomplete 
sets of lab values were accounted for in the adjusted analyses when determining changes in glucose, potassium, and 
WBC count (see Table 2 and Figure 3), and the analyses showed primary and secondary outcomes similar to those 
calculated with the unadjusted data (see Figure 2). A final limitation of the analysis is that the adjustment for multiple 
testing was not prespecified, so the findings should be interpreted cautiously as hypothesis-generating rather than as 
definitive evidence of the effects of perineural glucocorticoid adjuvants in hip arthroplasty patients. As is the case with 
many retrospective observational findings, a prospectively randomized controlled trial would be needed to delineate the 
existence and extent of any systemic effects of perineural glucocorticoids on serum glucose, potassium, and WBC count.

Conclusion
This study compared changes in fasting serum glucose, as well as potassium levels and WBC count, between THA 
patients who either received or did not receive motor-sparing fascial plane peripheral nerve blocks containing perineural 
glucocorticoids. Our findings demonstrate that transient changes in these parameters were unlikely to be of clinical 
significance in this population.
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