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Abstract
Study Design: Retrospective cohort study.

Objectives: Chronic steroid therapy is used in the treatment of various inflammatory and autoimmune conditions, but it is
known to be associated with adverse effects. There remains a gap in the literature regarding the role of chronic steroid therapy in
predisposing patients to perioperative complications following elective posterior lumbar fusion (PLF). We aimed to identify the
effects of chronic preoperative steroid therapy on 30-day perioperative complications in patients undergoing PLF.

Methods: A retrospective analysis was performed using the 2011-2014 American College of Surgeons National Surgical Quality
Improvement Program (ACS-NSQIP) database. We identified 22 903 patients who underwent elective PLF. There were 849 patients
(3.7%) who received chronic preoperative steroid therapy. Univariate and multivariate analyses were performed to examine steroid
therapy as an independent risk factor for 30-day perioperative complications. A subgroup analysis of patients on chronic steroid therapy
was then performed to identify additional patient characteristics that further increased the risk for perioperative complications.

Results: Chronic preoperative steroid therapy was an independent risk factor for 7 perioperative complications, including
superficial surgical site infection (SSI), deep SSI, wound dehiscence, urinary tract infection, pulmonary embolism, nonhome dis-
charge, and readmission. Subgroup analysis demonstrated that morbid obesity further predisposed patients on chronic steroid
therapy to an increased risk of superficial SSI and wound dehiscence.

Conclusions: Patients on chronic preoperative steroid therapy are at increased risk of multiple perioperative complications
following elective PLF, particularly surgical site complications and venous thromboembolic events. This risk is further elevated in
patients who are morbidly obese.
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Introduction proce:dures.13’14’17’18 Furthermore, no studies have specifically
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Posterior lumbar fusion (PLF) is one of the most commonly
performed surgical procedures in the treatment of spinal
instability, spondylolisthesis, degenerative disc disease, and
spinal trauma.'®** Despite generally good outcomes, PLF is
an invasive procedure, often requiring extensive muscle dissec-
tion and prolonged hospital stays, with a high potential for
postoperative complications. With more PLFs being performed
every year,'”?! it is becoming increasingly important to iden-
tify characteristics that predispose surgical candidates to a
higher risk of complications. The primary objective of this
study was to examine the effects of chronic preoperative
steroid use on 30-day perioperative complications following
elective PLF.

Materials and Methods

Data Source

This was a retrospective study of prospectively collected data
from 2011 to 2014 in the American College of Surgeons
National Surgical Quality Improvement Program (ACS-
NSQIP) database. The ACS-NSQIP is a nationwide, multi-
institutional database that collects more than 300 variables on
patient demographics, comorbidities, perioperative character-
istics, and 30-day postoperative complications from surgical
procedures performed at more than 500 institutions.*>** Qual-
ity improvement studies using the ACS-NSQIP database have
been shown to be successful in private sector hospitals, public
academic institutions, and the Veterans Affairs (VA) Health-
care System.>*2¢

Cohort Selection

Adult patients aged 18 years or older undergoing elective PLF
with or without an interbody fusion were identified based on
the following Current Procedural Terminology (CPT) codes:
22612, 22630, and 22 633. Exclusion criteria included a diag-
nosis of pneumonia or sepsis, cardiopulmonary resuscitation
prior to surgery, pregnancy, clean-contaminated surgical
wound, contaminated surgical wound, dirty surgical wound,
open wound, prior operation within 30 days, nonelective case,
spinal trauma case, or neoplastic case. Cases with missing
demographic, preoperative, intraoperative, or postoperative
data were excluded.

Comparison Groups

Patients were divided into 2 groups. The steroid group included
all patients who received regular administration of oral or
parenteral steroids to treat a chronic condition for more than
10 days in the 30-day period prior to surgery. All other patients
were included in the nonsteroid group.

Baseline Patient Characteristics

Patient demographics consisted of age, sex, and race. Age was
defined as a dichotomous variable (ie, <65 years or >65 years).

Race was divided into 4 categories (ie, white, black, Hispanic,
or other).

Preoperative patient characteristics included medical
comorbidities, functional status, and operative variables. Med-
ical comorbidities included diabetes, smoking within 1 year of
surgery, pulmonary comorbidity (chronic obstructive pulmon-
ary disease or ventilator dependence within 48 hours prior to
surgery), cardiac comorbidity (hypertensive medication use or
chronic heart failure), renal comorbidity (dialysis within
2 weeks or acute renal failure within 24 hours prior to surgery),
obesity classification (class I = body mass index [BMI] 30.0-
34.9 kg/m?, class IT = BMI 35.0-39.9 kg/m?, class Il = BMI
>40.0 kg/m?), and acute or chronic bleeding disorder. Func-
tional status variables included American Society of Anesthe-
siologists (ASA) physical status classification >3, dyspnea at
rest within 30 days prior to surgery, and partially or totally
dependent functional status. Operative variables included
length of the fusion (short fusion <4 levels or long fusion
>4 levels), pelvic fixation, surgical setting (inpatient or out-
patient), year of the operation (2011, 2012, 2013, or 2014) and
prolonged operative time >4 hours.

Perioperative Complications

The primary outcomes were 30-day postoperative mortality
and complications. Complications included reoperation, sepsis,
superficial surgical site infection (SSI), deep SSI, organ space
infection, wound dehiscence, pulmonary complications (pneu-
monia, postoperative reintubation, or failure to wean from a
ventilator after 48 hours), renal complications (progressive
renal insufficiency or acute renal failure), pulmonary embolism
(PE), deep vein thrombosis (DVT), urinary tract infection
(UTI), intra- or postoperative transfusion of packed red blood
cells or whole blood, prolonged length of stay (LOS) >5 days,
nonhome discharge to a care facility, and unplanned readmis-
sion. Further details about the definitions of variables and com-
plications are provided by the ACS-NSQIP database.*

Statistical Analysis

A univariate analysis was performed on patient demographics,
preoperative, intraoperative, and postoperative characteristics
in the 2 groups using Pearson’s chi-square test. Statistical sig-
nificance was set at a level of P = .05. Characteristics that
resulted in a P value <.20 on univariate analysis were included
in a multivariate regression (MVR) analysis adjusting for
patient demographics, comorbidities, preoperative and intrao-
perative variables.

A subgroup analysis was then performed on the steroid
group. Patients were divided into subgroups based on whether
or not they experienced at least one perioperative complication
for which steroid use was found to be an independent risk
factor. A univariate analysis was performed on patient demo-
graphics, preoperative, intraoperative, and postoperative char-
acteristics between the 2 subgroups using Pearson’s chi-square
test. Statistical significance was again set at a level of P = .05.
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Characteristics that resulted in a P value <.20 on univariate
analysis were subsequently included in an MVR analysis
adjusting for patient demographics, comorbidities, preopera-
tive and intraoperative variables. MVR models were con-
structed for each of the complications previously determined
to be independently associated with steroid use. All MVR
models in both the primary and subgroup analyses used a
stepwise entry and removal criteria set to a statistical signifi-
cance level of P = .05. Odds ratios (ORs) and 95% confidence
intervals (Cls) were reported. All statistical analyses were
performed using SAS Studio Version 3.4 (SAS Institute Inc,
Cary, NC, USA).

Results

Study Population

A total of 22903 patients met the selection criteria and were
included in our analysis. The steroid group included 849
patients (3.7%). As shown in Table 1, patients who received
preoperative steroid therapy were more likely to be female
(P <.001), age >65 years (P <.001), have an ASA classifica-
tion >3 (P <.001), and be either partially or totally dependent
on presentation to the hospital (P <.001). Additionally, patients
on a steroid regimen were more likely to have dyspnea
(P <.001), diabetes (P = .011), bleeding disorder (P < .001),
pulmonary comorbidity (P < .001), or cardiac comorbidity
(P < .001). Patients in the steroid cohort were less likely to
be smokers (P < .001). Finally, the steroid group had a greater
proportion of patients who underwent a long fusion (P = .038).

Unadjusted Analysis

Results of the univariate analysis are summarized in Table 2.
Chronic preoperative steroid use was significantly associated
with prolonged LOS (nonsteroid, 21.6%; steroid, 26.5%;
P < .001), superficial SSI (nonsteroid, 1.0%; steroid, 2.2%;
P < .001), deep SSI (nonsteroid, 0.7%; steroid, 1.5%; P = .005),
organ space SSI (nonsteroid, 0.2%; steroid, 0.7%; P = .007),
wound dehiscence (nonsteroid, 0.3%; steroid, 0.7%;
P = .016), PE (nonsteroid, 0.5%; steroid, 1.1%; P = .013),
UTI (nonsteroid, 1.7%; steroid, 3.1%; P = .002), intra- or
postoperative red blood cell transfusion (nonsteroid, 14.9%;
steroid, 20.1%; P < .001), sepsis (nonsteroid, 0.9%; steroid,
1.5%; P = .043), nonhome discharge (nonsteroid, 17.5%; ster-
oid, 26.9%; P < .001), and unplanned readmission (nonsteroid,
4.2%; steroid, 7.2%; P < .001). There was no significant dif-
ference in 30-day mortality between the 2 groups (P = .790).

Multivariate Analysis

MVR analysis demonstrated that chronic preoperative steroid
use was independently associated with 7 perioperative compli-
cations (Table 3). Steroid use was independently associated
with wound complications, including superficial SSI (OR,
2.38; 95% CI, 1.48-3.82; P < .001), deep SSI (OR, 1.90; 95%
CI, 1.06-3.38; P = .029), and wound dehiscence (OR, 2.58;

Table |. Baseline Patient Characteristics Including Medical
Comorbidities at the Time of Surgery, Preoperative Condition, and
Operative Variables.

No Chronic Chronic
Steroids Steroids
n % n % P
Age
>65 years 9167 41.6 444 523 <.0001I
Sex
Male 9997 453 309 364 <.0001I
Female 12057 547 540 636
Race
White 18652 847 724 854 <9134
Black 1558 7.1 60 7.1
Hispanic 190 0.9 7 08
Other 1655 74 57 67
Medical comorbidities
Diabetes 3824 173 176 20.7 <.0107
Smoking 4756 21.6 127 150 <.0001
Pulmonary® 2148 9.7 147 173 <.0001
Cardiac® 12531 56.8 584 68.8 <.000l
Renal® 38 02 3 04 2207
Bleeding disorder 326 1.5 28 33 <.000l
Underweight 202 0.9 8 09 937
Obese class |, 11, 1l 10728 488 398 47.1 3419
Obese class I, Il 4837 219 191 225 6966
Obese class lI 1817 82 62 73 3294
Preoperative condition
ASA class >3 10407 473 599 70.6 <.000l
Dyspnea at rest 1434 65 94 11.1 <.000l
Independent 21421 980 798 948 <.0001
Poor functional status* 448 21 44 52
Operative variables
Long fusion >4 levels 7222 328 307 36.2 .0377
Short fusion <3 levels 14832 673 542 638
Pelvic fixation 231 1.1 13 1.5 1779
Inpatient surgery 21564 978 831 979 <8435
Outpatient surgery 490 22 18 2.1
Operation in 201 | 3321 151 105 124 .0549
Operation in 2012 4780 21.7 170 20.0
Operation in 2013 6220 282 261 307
Operation in 2014 7733 351 313 369
Extended operative time 6123 278 256 30.2 1275

Abbreviation: ASA, American Society of Anesthesiologists.

*Pulmonary comorbidity was defined as a history of chronic obstructive pul-
monary disease of ventilator dependence within 48 hours prior to surgery.

® Cardiac comorbidity was defined as the use of hypertensive medication or a
history of chronic heart failure.

€Renal comorbidity was defined as dialysis treatment within 2 weeks prior to
surgery or acute renal failure within 24 hours prior to surgery.

9Poor functional status was defined as partial or total dependence prior to
surgery.

95% CI, 1.10-6.01; P = .029). Additionally, steroid use was
associated with an increased risk of PE (OR, 2.15; 95% ClI,
1.08-4.27; P = .030), unplanned readmission (OR, 1.58; 95%
CI, 1.20-2.08; P = .001), UTI (OR, 1.53; 95% CI, 1.01-2.30;
P = .044), and nonhome discharge (OR, 1.23; 95% CI, 1.03-
1.46; P = .019).
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Table 2. Univariate Analysis of 30-day Perioperative Mortality and
Complications in the No Chronic Steroid and Chronic Steroid
Groups.

Table 4. Univariate Regression of Demographic, Preoperative and
Intraoperative Characteristics for Chronic Steroid Users (subgroup)
Undergoing Elective PLF.

No Chronic  Chronic No Significant >1 Significant
Steroids Steroids Complication Complication
n % n % P n % n % P
Mortality 34 0.15 I 012 .79 Age
Superficial SSI 224 1.0 19 22  .0006 >65 years 250 442 194 686 <.0001
Deep SSI 153 0.7 13 15 .0048  Sex
Organ/space SSI 52 02 6 0.7 .0074 Male 239 422 70 247 <.0001
Wound dehiscence 58 0.3 6 07 .0le2 Female 327 578 213 75.3
Cardiac complications 98 04 3 04 4818 Race
Pulmonary complications 198 0.9 12 14 1219 White 488 864 236 834  .6521
Renal complications 58 03 2 02 6151 Black 37 6.6 23 8.1
Pulmonary Embolism 101 0.5 9 I .0128 Hispanic 5 0.9 2 0.7
Deep vein thrombosis 130 06 6 07  .6626 Other 35 6.2 22 78
RBC transfusion 3284 149 171 20.1 <.0001 Medical comorbidities
Sepsis 191 09 13 15 .043 Diabetes 98 173 78 27.6 .0005
Reoperation 653 30 35 4.1 .0517 Smoking 9% 17.0 31 11.0 .0207
Urinary tract infection 364 1.7 26 3.1 .0018 Pulmonary® 84 148 63 223 .0071
Discharge to other then home 3867 17.5 228 269 <.0001 Cardiac® 367 648 217 767  .0004
Prolonged length of stay >5 days 4752 21.6 225 26.5 <.0006 Renal® 2 04 | 04 |
Unplanned readmission 916 42 61 72 <.000l Bleeding disorder 14 25 14 50 .057I
Underweight 0 0.0 8 28 <.0001
Abbreviations: RBC, red blood cell; SSI, surgical site infection. Obese class Il 30 53 32 11.3 0015
Preoperative condition
ASA class >3 369 653 230 81.3 <.000l
Table 3. Multivariate Regression of Chronic Steroid Use as a Dyspnea at rest 54 95 40 14.1 0443
Predictor of Perioperative Complications in all Patients Undergoing Independent 543 968 255 90.8 0002
Elective PLF. Poor functional status® 18 32 26 9.3
. o Operative variables
Complication OR (95% CI) P Long fusion >4 levels 178 315 129 4656 <000l
Superficial incisional SSI 2.38 (1.48-3.82) .0004 Short fusion <3 levels 388 686 154 544
Deep incisional SSI 1.90 (1.06-3.38) 0292 Pelvic fixation 6 LI 725 1139
Wound dehiscence 2.58 (1.10-6.01) .0285 Inpatient surgery 550 972 281 993  .0432
Urinary tract infection 1.53 (1.01-2.30) 0438 Outpatient surgery 16 2.8 2 07
Discharge to other than home 1.23 (1.03-1.46) 0192 Operation in 2011 67 118 38 134 897
Unplanned readmission 1.58 (1.20-2.08) 0011 Operation in 2012 6 205 54 19.1
Pulmonary embolism 2.15 (1.08-4.27) 0295 Operation in 2013 175 309 8 304
Operation in 2014 208 368 105 37.1
Abbreviations: Cl, confidence interval; OR, odds ratio; PLF, posterior lumbar Extended operative time 150 26.5 106 37.5 001

fusion; SSI, surgical site infection.

Subgroup Univariate Analysis

Results of the subgroup univariate analysis are outlined in
Table 4. The no complication subgroup was significantly dif-
ferent from the >1 complication subgroup in terms of gender
(P < .001), age (P < .001), diabetes (P = .005), dyspnea
(P <.001), dependent functional status (P < .001), pulmonary
comorbidity (P = .007), cardiac comorbidity (P <.001), under-
weight (P < .001), obesity class II or III (P = .048), obesity
class IIT (P = .002), and ASA classification >3 (P < .001).
Operative variables that were associated with a higher inci-
dence of any perioperative complications were long fusion
(no complication, 31.5%; >1 complication, 45.6%;
P <.001), inpatient setting (no complication, 97.2%; >1 com-
plication, 99.3%; P = .043), and prolonged operative time (no
complication, 26.5%; >1 complication, 37.5%; P = .001).

Abbreviations: ASA, American Society of Anesthesiologists; PLF, posterior
lumbar fusion.

?Pulmonary comorbidity was defined as a history of chronic obstructive pul-
monary disease of ventilator dependence within 48 hours prior to surgery.

® Cardiac comorbidity was defined as the use of hypertensive medication or a
history of chronic heart failure.

“Renal comorbidity was defined as dialysis treatment within 2 weeks prior to
surgery or acute renal failure within 24 hours prior to surgery.

4Poor functional status was defined as partial or total dependence prior to
surgery.

Smoking was associated with a lower incidence of any com-
plication (no complication, 17.0%; >1 complication, 11.0%;
P <.001).

Subgroup Multivariate Analysis

Results of the subgroup MVR analyses are outlined in Table 5.
Morbid obesity was an independent risk factor for superficial
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Table 5. Multivariate Regressions (Grouped by Complication)
Identifying Additional Patient Characteristics as Risk Factors for
Perioperative Complications in Chronic Steroid Users Undergoing
Elective PLF.

OR (95% Cl) P

Superficial incisional SSI

Morbid obesity 8.13 (3.08-21.47) <.0001
Deep incisional SSI

Bleeding disorder 5.83 (1.23-27.71) .0266
Wound dehiscence

Morbid obesity 13.14 (2.59-66.51) .0019
Urinary tract infection

Age >65 years 4.61 (1.56-13.64) .0058

Pulmonary comorbidity 2.83 (1.23-6.51) 0146

Extended operative time 3.35 (1.50-7.49) .0032
Discharge to other than home

Female sex 2.99 (2.02-4.42) <.0001

Age >65 years 3.60 (2.49-5.21) <.0001

Morbid obesity 2.97 (1.60-5.53) .0006

Diabetes 1.67 (1.12-2.51) 0126

Dependent functional status 4.02 (1.98-8.17) .0001

Long fusion length 2.09 (1.46-2.98) <.0001

Inpatient setting 8.58 (1.06-69.42) .0439

ASA class >3 1.82 (1.19-2.78) .0057

Extended operative time 1.61 (1.12-2.33) 0111

Unplanned readmission — —
Pulmonary embolism — —

Abbreviations: Cl, confidence interval; OR, odds ratio; PLF, posterior lumbar
fusion; SSI, surgical site infection.

SSI (OR, 8.13; 95% CI, 3.08-21.47; P < .001) and wound
dehiscence (OR, 13.14; 95% CI, 2.59-66.51; P = .002). Bleed-
ing disorder was predictive of deep SSI (OR, 5.83; 95% CI,
1.23-27.71; P = .027). Perioperative UTI was associated with
age >65 years (OR, 4.61; 95% CI, 1.56-13.64; P = .006),
pulmonary comorbidity (OR, 2.83; 95% CI, 1.23-6.51;
P = .015), and prolonged operative time (OR, 3.35; 95% CI,
1.50-7.49; P = .003). Nonhome discharge was associated with
many risk factors, including female sex (OR, 2.99; 95% CI,
2.02-4.42; P <.001), age >65 years (OR, 3.60; 95% CI, 2.49-
5.21; P <.001), morbid obesity (OR, 2.97; 95% CI, 1.60-5.53;
P <.001), diabetes (OR, 1.67; 95% CI, 1.12-2.51; P = .013),
dependent functional status (OR, 4.02; 95% CI, 1.98-8.17,;
P < .001), long fusion (OR, 2.09; 95% CI, 1.46-2.98;
P < .001), inpatient setting (OR, 8.58; 95% CI, 1.06-69.42;
P = .044), prolonged operative time (OR, 1.61; 95% CI,
1.12-2.33; P = .011), and ASA classification >3 (OR, 1.82;
95% CI, 1.19-2.78; P = .006).

Discussion

In this ACS-NSQIP database study of patients undergoing
PLF, we found that chronic preoperative steroid use was asso-
ciated with an increased risk of 30-day perioperative compli-
cations, including superficial SSI, wound dehiscence, PE,
deep SSI, unplanned readmission, UTI, and nonhome dis-
charge. Subgroup analysis revealed additional risk factors for

perioperative complications, including age >65 years, morbid
obesity, bleeding disorder, pulmonary comorbidity, and pro-
longed operative time.

Chronic steroid use was associated with a 2 times increased
risk of superficial SSI and deep SSI, as well as a 2.5 times
increased risk of wound dehiscence. PLFs are lengthy and
invasive procedures with extensive muscle dissection, high
intraoperative blood loss, and urethral catheterization that con-
tribute to a high risk of bacterial colonization and subsequent
infection.”” A well-understood anti-inflammatory effect of
steroid therapy is achieved through immunosuppression. On
absorption, steroids enter the cell nucleus and downregulate
pro-inflammatory genes such as NF-xB and AP-1,>%* while
upregulating anti-inflammatory genes such as IL-10 and
GILZ.*°?! This results in impaired leukocyte chemotaxis,
adhesion, and phagocytosis,*” leading to decreased ability to
eliminate pathogens and increased risk of infection.** Addi-
tionally, given the established correlation between incision size
and impaired wound healing, wound complications is also a
significant concern with extensive PLF procedures.>~*

Wound healing is a complex balance of many pro- and anti-
inflammatory cytokines working in sequence to orchestrate
interactions among various cell types.*>” In particular, the
pro-inflammatory cytokines interleukin 1 (IL-1) and tumor
necrosis factor o (TNF-a) serve to regulate the effect of col-
lagenase in scar formation and wound remodeling.*®>® The
mechanism of wound dehiscence with chronic steroid use is
likely 2-fold. First, glucocorticoids downregulate the activity
of NF-kB, thereby decreasing the levels of circulating
IL-1.2%%° This, in turn, impairs collagen deposition and remo-
deling, which diminishes the tensile strength of the resulting
scar and increasing the risk of wound dehiscence.**** Second,
downregulation of NF-xB impairs immune cell function, which
increases the risk of infection. In turn, SSI has been shown to be
an independent predictor of wound dehiscence.’* Impaired
wound healing associated with chronic steroid use, combined
with long incisions that are often necessary for PLF procedures,
leads to an increased risk of surgical site complications.*!

Chronic steroid use was also associated with a 2 times
increased risk of PE. Steroids induce a hypercoagulable state
by increasing levels of prothrombin and Von Willebrand factor,
as well as decreasing levels of plasminogen.** Steroids may
also cause endothelial damage and vascular wall dysfunction,
further increasing the risk of a venous thromboembolic (VTE)
event.*> While the prothrombotic effects of steroids are under-
stood at a molecular level, few studies have attempted to quan-
tify the clinical risk of VTE events associated with steroid
therapy.**** The increased risk of PE associated with chronic
steroid use in this study highlights the importance of postopera-
tive mechanical VTE prophylaxis and early mobilization.

Our subgroup analysis further identified morbid obesity as
an additional risk factor for perioperative complications in
patients on chronic steroid therapy following elective PLF.
Specifically, morbid obesity was associated with an 8§ times
increased risk of superficial SSI and a 13 times increased risk
of wound dehiscence. This is consistent with findings from
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prior studies, including a recent meta-analysis that reported a
21% increase in the risk of SSI following spine surgery for
every 5 unit increase in BMI.*’

There is no general consensus about the mechanism of obe-
sity’s effect on surgical site complications. One theory is that a
thick subcutaneous layer of fat may decrease perfusion of the
dead space, subsequently decreasing penetration of immune
cells and local oxygen saturation at the surgical site. Prolonged
hypoxia leads to local tissue necrosis, thereby increasing the
risk of SSI and wound dehiscence.***® Alternatively, a thick
subcutaneous layer of fat may increase tension along the sur-
gical incision, potentially impairing myofibroblast-mediated
wound contraction and contributing to subsequent wound com-
plications.**>® Patients who are both morbidly obese and on
chronic steroid therapy have a significantly elevated risk of
wound complications following PLF. This is of particular sig-
nificance in the United States where the prevalence of morbid
obesity has reached 8.1% and is continuing to increase at an
unprecedented rate.”’ For morbidly obese patients who are
indicated for an elective PLF, preoperative weight loss should
be strongly encouraged and spine surgeons may also consider
referring patients for bariatric surgery prior to an elective PLF
in order to reduce perioperative complications associated with
morbid obesity.

Given the elevated risk for perioperative complications
associated with steroid therapy, holding steroids preoperatively
could theoretically minimize steroid-associated complications.
However, completely stopping steroids may not be medically
feasible for some patients. For example, in organ transplant
recipients where the risks of organ rejection significantly out-
weigh the risks of steroid-associated surgical complications.>>
However, in those patients who are amenable to a brief period
of being off steroids without significant complications or
rebound symptoms, the exact timing of when to hold steroids
preoperatively and when to resume steroids postoperatively
must be addressed.

Chronic suppression of the hypothalamic-pituitary-adrenal
(HPA) axis by exogenous steroids may cause adrenal atrophy
and prevent endogenous production of cortisol, which may lead
to circulatory collapse and death in the setting of increased
stress from surgery.”>~* Therefore, steroids should ideally be
held far enough in advance of surgery in order to allow for
immunosuppression to wane and endogenous steroid produc-
tion to return to baseline levels. The adrenal glands recover at a
highly variable rate, from as short as 48 hours to longer than a
year after stopping steroid therapy depending on the dosing and
length of steroid therapy.’® Return of adrenal function can be
confirmed with preoperative measurements of blood cortisol
levels, cosyntropin stimulation test, or an insulin intolerance
test.’® The exact timing of stopping and resuming steroid ther-
apy in the perioperative period should be determined on a case-
by-case basis through an interdisciplinary approach with the
patient’s medical providers.

This study has several limitations. First, the ACS-NSQIP
database does not indicate the medical condition for which
patients are on chronic steroid therapy. While the underlying

condition is likely to have been included in one or more of the
medical comorbidities that were adjusted for in our analyses,
the lack of diagnostic data limits the ability of this study to fully
control for potential confounding variables. Second, the data
set does not include details on the specific type or dose of
steroid used. Different types and doses of steroids may have
a different impact on perioperative outcomes. Third, the ACS-
NSQIP data is primarily collected by academic institutions, and
therefore, our findings in this study may not reflect operative
trends or outcomes in the community setting. Finally, the ACS-
NSQIP database only reports complications within a 30-day
postoperative period and thus, we were unable to assess the
long-term outcomes associated with preoperative steroid use.
This study used the ACS-NSQIP database to identify 30-day
complications following elective PLF that were associated with
chronic preoperative steroid use. Complications that occurred
more frequently in patients on chronic steroid therapy were—
from most to least common—superficial SSI, wound dehis-
cence, PE, deep SSI, unplanned readmission, UTI, and non-
home discharge. Subgroup analysis demonstrated that morbid
obesity conferred an additional increased risk for wound com-
plications. While complete elimination of steroid administra-
tion in the preoperative period may not be possible for all
patients undergoing elective PLF, interdisciplinary manage-
ment of perioperative steroid regimens with the goal of reduc-
ing or holding preoperative steroids is critical in order to reduce
steroid-associated perioperative complications.
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