¥202/¥0/60 U0 9ZA0ZSaU4NSIV0ORAZESMZWSNMUHIB8IISEXq0Z LANGAEHASDAEPLTISOEIZNdNIZAIMSZIXDEDID/AO
x2ywaggspbx16mbirepix+,sainbyp4owogglgoeeMBybeHdTA Aq ewunenljwod mm| sfeusnoly/:dny wouy papeojumoq

INDEPENDENT SUBMISSIONS

Obesity is associated with improved early survival but increased late

mortality in surgical patients with Sepsis: A propensity
matched analysis

Anahita Jalilvand, MD, PhD, Megan Ireland, MD, MS, Courtney Collins, MD, Whitney Kellett, MD, PhD,
Scott Strassel, PhD, Robert Tamer, MS, Wendy Wahl, MD, and Jon Wisler, MD, MS, Columbus, Ohio

CONTINUING MEDICAL EDUCATION CREDIT
INFORMATION

Accreditation

In support of improving patient care, this activity has been planned and implemented
by CineMed and the American Association for the Surgery of Trauma. CineMed is
jointly accredited by the Accreditation Council for Continuing Medical Education
(ACCME), the Accreditation Council for Pharmacy Education (ACPE), and the
American Nurses Credentialing Center (ANCC), to provide continuing education for
the healthcare team.

AMA PRA Category I Credits™
CineMed designates this enduing material for a maximum of 1 AMA PRA Category 1

Credit(s)™. Physicians should claim only the credit commensurate with the extent of
their participation in the activity.

'R

JOINTLY ACCREDITED PROVIDER™
INTERPROFESSIONAL CONTINUING EDUCATION

Objectives

After reading the featured articles published in the Jowrnal of Trauma and Acute
Care Surgery, participants should be able to demonstrate increased understanding
of the material specific to the article. Objectives for each article are featured at the
beginning of each article and online. Test questions are at the end of the article,
with a critique and specific location in the article referencing the question topic.

Disclosure Information

In accordance with the ACCME Accreditation Criteria, CineMed must ensure that
anyone in a position to control the content of the educational activity (planners
and speakers/authors/discussants/moderators) has disclosed all financial relationships
with any commercial interest (termed by the ACCME as “ineligible companies”, de-
fined below) held in the last 36 months (see below for definitions). Please note that
first authors were required to collect and submit disclosure information on behalf all
other authors/contributors, if applicable.

Ineligible Company: The ACCME defines an “ineligible company” as any entity
producing, marketing, selling, re-selling, or distributing health care goods or services
used on or consumed by patients. Providers of clinical services directly to patients are
NOT included in this definition.

Financial Relationships: Relationships in which the individual benefits by receiving
a salary, royalty, intellectual property rights, consulting fee, honoraria, ownership inter-
est (e.g., stocks, stock options or other ownership interest, excluding diversified mu-
tual funds), or other financial benefit. Financial benefits are usually associated with
roles such as employment, management position, independent contractor (including
contracted research), consulting, speaking and teaching, membership on advisory
committees or review panels, board membership, and other activities from which re-
muneration is received, or expected.

Conflict of Interest: Circumstances create a conflict of interest when an individual has
an opportunity to affect CME content about products or services of a commercial inter-
est with which he/she has a financial relationship.

The ACCME also requires that CineMed manage any reported conflict and eliminate the
potential for bias during the session. Any conflicts noted below have been managed to our
satisfaction. The disclosure information is intended to identify any commercial relationships
and allow learners to form their own judgments. However, if you perceive a bias during
the educational activity, please report it on the evaluation. All relevant financial relation-
ships have been mitigated.

AUTHORS/CONTRIBUTORS

Anabhita Jalilvand, Megan Ireland, Courtney Collins, Whitney Kellett, Scott Strassel, Robert Tamer,
Wendy Wahl, and Jon Wisler have nothing to disclose.

EDITOR-IN-CHIEF/DEPUTY EDITORS/ ASSOCIATE EDITORS

Conflict of Interest forms for all Journal of Trauma and Acute Care Editors have been supplied and are
provided as Supplemental Digital Content (http:/links.lww.com/TA/D55).

Claiming Credit

To claim credit, please visit the AAST website at http://www.aast.org/ and click on
the “e-Learning/MOC” tab. You must read the article, successfully complete the
post-test and evaluation. Your CME certificate will be available immediately upon re-
ceiving a passing score of 75% or higher on the post-test. Post-tests receiving a score
of below 75% will require a retake of the test to receive credit.

Credits can only be claimed online
Cost

For AAST members and Journal of Trauma and Acute Care Surgery subscribers there is
no charge to participate in this activity. For those who are not a member or subscriber,
the cost for each credit is $25.

Questions
If you have any questions, please contact AAST at 800-789-4006. Paper test and eval-
uations will not be accepted.

J Trauma Acute Care Surg
Volume 97, Number 2 233

Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.


http://www.aast.org/
http://links.lww.com/TA/D55

¥202/¥0/60 U0 9ZA0ZSaU4NSIV0ORAZESMZWSNMUHIB8IISEXq0Z LANGAEHASDAEPLTISOEIZNdNIZAIMSZIXDEDID/AO
x2ywaggspbx16mbirepix+,sainbyp4owogglgoeeMBybeHdTA Aq ewunenljwod mm| sfeusnoly/:dny wouy papeojumoq

J Trauma Acute Care Surg
Volume 97, Number 2

While obesity is a risk factor for postoperative complications, its impact following sepsis is unclear. The primary objective of this
study was to evaluate the association between obesity and mortality following admission to the surgical intensive care unit (SICU)

We conducted a single center retrospective review of SICU patients grouped into obese (n = 766, body mass index 230 kg/m?) and
nonobese (n = 574; body mass index, 18-29.9 kg/m?) cohorts. Applying 1:1 propensity matching for age, sex, comorbidities, se-
quential organ failure assessment, and transfer status, demographic data, comorbidities, and sepsis presentation were compared be-
tween groups. Primary outcomes included in-hospital and 90-day mortality, ICU length of stay, need for mechanical ventilation

Obesity associates with higher median ICU length of stay (8.2 vs. 5.6, p <0.001), need for IMV (76% vs. 67%, p = 0.001), ven-
tilator days (5 vs. 4, p <0.004), and RRT (23% vs. 12%, p < 0.001). In-hospital (29% vs. 18%, p <0.0001) and 90-day mortality
(34% vs. 24%, p = 0.0006) was higher for obese compared with nonobese groups. Obesity independently predicted need for IMV
(odds ratio [OR], 1.6; 95% confidence interval [CI], 1.2-2.1), RRT (OR, 2.2; 95% CI, 1.5-3.1), in-hospital (OR, 2.1; 95% CI,
1.5-2.8), and 90-day mortality (HR, 1.4; 95% CI, 1.1-1.8), after adjusting for sequential organ failure assessment, age, sex, and
comorbidities. Comparative survival analyses demonstrate a paradoxical early survival benefit for obese patients followed by a

Obesity is an independent risk factor for 90-day mortality for surgical patients with sepsis, but its impact appeared later in hospi-
talization. Understanding differences in systemic responses between these cohorts may be important for optimizing critical care
management. (J Trauma Acute Care Surg. 2024;97: 233-241. Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.)
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BACKGROUND:
with sepsis.
METHODS:
(IMV) and renal replacement therapy (RRT). p < 0.05 was considered significant.
RESULTS:
rapid decline after 7 days (logrank p = 0.0009).
CONCLUSION:
LEVEL OF EVIDENCE: Prognostic and Epidemiological; Level III.
KEY WORDS: Emergency general surgery outcomes; obesity; sepsis.

hile obesity is a known predictor of all-cause mortality in

hospitalized patients, its impact on outcomes following
sepsis is poorly characterized.' It is estimated that over 25% of pa-
tients admitted with sepsis have obesity as a comorbidity, which
can rise to 60% within patients presenting with intra-abdominal
sepsis.’ > Obesity is associated with significant end-organ com-
plications, including insulin resistance and type 2 diabetes, hyper-
tension, obstructive sleep apnea, and peripheral vascular
disease.®® Both murine and human studies have shown that obe-
sity is associated with chronic low-grade inflammation, which
disrupts adaptive and innate immune function, endothelial integ-
rity, glycemic control, and the normal gut microbiota.®10°13
These impairments are thought to exacerbate proinflammatory re-
sponses in obese versus lean mice in the setting of sepsis, with a
resultant increase in mortality.'®!”

Clinically, the association between obesity and sepsis out-
comes is unclear. Several meta-analyses and systematic reviews
report conflicting data, some supporting an “obesity paradox”
whereby increasing body mass index is protective, while others
demonstrate increased morbidity and mortality.'® 2! Review of
the Vasopressin and Septic Shock Trial cohort demonstrates
lower mortality for obese patients with septic shock, as well as
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lower initial IL-6 response.”? In addition, large retrospective
analyses support the observation that obese individuals exhibit
lower short term mortality in patients with sepsis.”®> Further-
more, human translational data confirm that while obese indi-
viduals have higher levels of circulating inflammatory cytokines
at baseline, they exhibit a blunted response to infectious
stimuli.>*2° Importantly, many of these studies either combine
medical and surgical causes of sepsis or exclude surgical pa-
tients altogether. This is an important distinction for surgical pa-
tients, where obesity and its related complications are known in-
dependent predictors of surgical morbidity and mortality.>”>°

While there appears to be a relationship between obesity
and short-term mortality, the long-term combinatorial effects of
obesity and sepsis are poorly understood. Given these findings,
the primary objective of this study is to evaluate the association
between obesity and 90-day mortality in surgical patients admit-
ted to the ICU with sepsis. Secondary objectives evaluated in-
cluded inpatient critical care needs, including ventilator and renal
replacement therapy requirement, ICU and overall length of stay
(LOS), and discharge disposition. We hypothesized that obesity
would be associated with increased 90-day mortality and end or-
gan dysfunction for surgical patients admitted with sepsis.

METHODS

Patients and Study Design

All patients admitted to a large quaternary surgical ICU were
retrospectively reviewed in a 5-year period from January 1, 2014,
to July 1, 2019. All data were maintained and collected in an insti-
tutionally approved and reviewed database. Inclusion criteria were
(1) surgical patients admitted to the surgical ICU 2) age 218 years
and (3) diagnosis of sepsis (sequential organ failure assessment
(SOFA) 2 2). Patients were excluded if they were prisoners, preg-
nant, or did not have complete mortality data up to 90 days from
the index admission. In addition, readmissions were removed from
analysis. Patients were subsequently categorized by whether they
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were obese (body mass index [BMI], 230 kg/m?) or nonobese
(BMI, 18.5-29.9 kg/m?). Patients who were underweight (BMI,
<18.5 kg/m?) were excluded from this analysis, as underweight
BMI was considered a surrogate for cachexia and malnutrition,
which is a known risk factor for mortality following sepsis.>* >
The overall sample size included 1340 patients, of which 766 were
obese and 574 were nonobese.

Data Collection and Outcome Measures

The Strengthening the Reporting of Observation Studies in
Epidemiology (STROBE) guidelines were used to ensure proper
reporting of methods, results, and discussion (Supplemental Digital
Content, http:/links.Iww.com/TA/D649). All variables reported
were retrieved using the electronic medical record. Our institu-
tional medical record is linked to most hospitals located within
the state, allowing us to capture data for patients transferred
from outside hospitals. This feature was utilized to document
presenting laboratory data and diagnoses for hospital transfers.
Baseline characteristics reported included demographic data
(age, sex, race [non-Hispanic white, Black, other, or unknown]),
and transfer status (yes/no). Selected pre-hospitalization comor-
bidities were documented based on admission documentation
and included congestive heart failure (CHF), type 2 diabetes
(T2DM), moderate to severe liver disease, chronic obstructive
pulmonary disease (COPD), stage III and above chronic kidney
disease (CKD), metastatic cancer, and median Charlson Comor-
bidity index. Baseline laboratory data and sepsis data were ob-
tained for the patient’s initial presentation. This included median
SOFA score, vasopressor use on admission, median lactate
(mmol/L), white blood cell count (K/m, WBC), hemoglobin
(g/dL, Hgb), and creatinine (mg/dL). The initial source of sepsis
was determined based on in-depth chart review and included the

following: line-associated sepsis, respiratory, intra-abdominal
(hepatobiliary, foregut, small and large bowel, ob/gyn), skin
and soft tissue (burn, soft tissue infection), renal/urologic, ortho-
pedic, and head and neck and thoracic. Additionally, we
catalogued the index procedure for all patients in this study.

The primary outcome for this study was in-hospital and
cumulative 90-day mortality. Additional outcomes evaluated in-
cluded overall and ICU LOS, need for invasive mechanical ven-
tilation and days on ventilator, renal failure and need for renal re-
placement therapy (RRT). Discharge disposition for patients
who survived was categorized as home, skilled nursing facility
or long term acute care hospital (SNF/LTACH), and discharge
to home or inpatient hospice.

Statistical Analyses

Patients were grouped into nonobese (BMI, 18-29.9 kg/m?)
and obese (BMI 230 kg/m?) cohorts. Baseline characteristics
and comorbidities, and sepsis presentation were compared be-
tween groups. Student's ¢ tests or Wilcoxon Rank sum tests were
run for continuous parametric and nonparametric values, respec-
tively, and x> and Fischer's exact tests were utilized for categor-
ical variables. Next, we performed 1:1 greedy propensity score
matching between groups, with a caliper of 0.2, using SOFA,
age, sex, transfer status, and Charlson Comorbidity Index. We
elected to utilize transfer as a variable in this matching, as we
have previously shown that transfer status is associated with a
significant, independent risk of mortality following admission
to our surgical ICU.* This yielded two cohorts, each containing
528 patients. These variables were chosen based on significant
differences we observed in unmatched bivariate analyses and
to mitigate known confounders that are implicated in sepsis
mortality. All baseline analyses were then repeated with our

TABLE 1. Baseline Demographics and Comorbidities of Patients Admitted to the Surgical ICU in Unmatched and Matched Cohorts

Unmatched: Obesity

Matched: Obesity

Variables No (n=574)/ Yes (n = 766) P No (n=528) Yes (n = 528) P
Transferred yes/no, n (%) 238 (41.5) 393 (51.3) <0.0005 226 (43.0) 254 (48.0) 0.10
Age (years): mean SD 59.8 (16.4) 60.9 (14.2) 0.22 60.4 (15.6) 58.9 (14.1) 0.0516
Geriatric population (r, %)
65-74y 123 (21.4) 207 (27.0) 0.05 118 (52.44) 124 (64.25) 0.0490
75-84y 92 (16.0) 106 (13.8) 88 (39.11) 58 (30.05)
85y 25 (4.4) 21 (2.7) 19 (8.44) 11 (5.70)
Female, n (%) 211 (36.8%) 382 (50.0) <0.0005 209 (39.58) 190 35.98) 0.2279
Antecedent trauma, n (%) 61 (10.6) 46 (6.01) 0.002 47 (8.9) 37 (7.0) 0.24
Race, n (%)
Non-Hispanic White 480 (83.6) 668 (87.2) 0.19 454 (85.98) 449 (85.04) 0.9679
Black 63 (11.0) 69 (9.0) 52 (9.85) 57 (10.80)
Other 21 (3.7) 23 (3.0) 16 (3.03) 16 (3.03)
Unknown 10 (1.7) 6(0.8) 6 (1.14) 6 (1.14)
Selected comorbidities, 7 (%)
CHF 39 (6.8) 80 (10.4) 0.02 34 (6.44) 47 (8.90) 0.1328
T2DM 115 (20.0) 270 (35.3) <0.005 106 (20.08) 201 (38.07) <0.0001
Moderate/severe liver disease 42 (7.3) 43 (5.6) 0.21 40 (7.58) 33 (6.25) 0.3958
COPD 110 (19.2) 173 (22.6) 0.13 106 (20.08) 124 (23.48) 0.1796
Stage III to IV CKD 59 (10.3) 92 (12.0) 0.32 50 (9.47) 67 (12.69) 0.0956
Metastatic cancer 34 (5.9) 0(5.2) 0.58 31(5.87) 29 (5.49) 0.7903
Charlson Comorbidity Index: pS0 (IQR) 4 (2-6) 4 (2-6) 0.24 4 (2-6) 4 (2-5) 0.5369
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matched cohorts. Primary and secondary outcomes were com-
pared using both unmatched and matched cohorts. Cox Propor-
tional Hazards regression models were utilized to determine
baseline predictors of in-hospital and 90-day mortality, using
both matched and unmatched cohorts. To assess the implica-
tions of obesity on mortality, we adjusted for clinically relevant
variables, including admission SOFA, age, sex, congestive heart
failure, and liver dysfunction, as well as baseline comorbidities
that remained statistically different between cohorts, such as
type 2 diabetes. In addition, we performed multiple logistic re-
gression to model predictors of respiratory and renal failure,
using all variables of interest to the outcome. No backwards or
forwards selection was carried out on the final models pre-
sented. Finally, Kaplan-Meier 90-day survival curves were com-
pared between matched obese and nonobese cohorts. A p value
of <0.05 was considered statistically significant.

RESULTS

Comparative Baseline Demographic and
Comorbidity Data Between Obese and
Nonobese Cohorts

Over half of the study cohort was obese (n = 766, 57.2%).
In the unmatched bivariate analyses, patients with obesity were
significantly more likely to be female, have been transferred from

an outside hospital, and were more likely to have type 2 diabetes
and congestive heart failure at baseline (Table 1). Patients with
obesity were less likely to present with sepsis following a trauma.
There were no differences in race. Selected comorbidities such as
liver disease, COPD, stage III or higher chronic kidney disease,
cancer or Charlson Comorbidity Index were comparable be-
tween groups. After 1:1 propensity matching, each cohort
retained 528 patients. Comparative baseline characteristics for
our matched cohort are summarized in Table 1. The distribution
of baseline characteristics and comorbidities was comparable
between cohorts following matching, with the exception of
lower median age (p = 0.05) and higher prevalence of type 2 di-
abetes (p < 0.001) in the cohort with obesity.

Comparison of Sepsis Severity and Source and Index
Procedure in Obese and Nonobese Patients

Admission SOFA score, use of vasopressor, serum lactate,
white blood cell count, hemoglobin, and creatinine were com-
pared (Table 2). Using unmatched cohorts, patients with obesity
presented with a higher median white blood cell count and cre-
atinine compared with nonobese patients. Overall, 65% of the
patients included in this cohort underwent emergency general
surgery (inclusive of intra-abdominal surgery, soft tissue de-
bridements), while the remainder represent sepsis secondary to

TABLE 2. Laboratory and Admission Characteristics for Patients Admitted to the SICU With sepsis in Unmatched and Matched Cohorts

Unmatched: Obesity Matched: Obesity

Variables No (n=574) Yes (n=766) P No (n=528) Yes (n=528) P
Clinical presentation
SOFA: median (IQR) 5(3-8) 6 (4-8) 0.33 5(3-8) 6 (4-8) 0.4693
Vasopressor use on admission, 7 (%) 200 (34.8) 303 (39.6) 0.08 185 (35.04) 202 (38.26) 0.2776
Lactate on presentation, median (IQR) 23(1.5-3.8) 2.0(1.4-3.6) 0.17 2.3[15,3.8] 2.0[1.4,3.6] 02310
WBC on admission, median (IQR) 12.8 (6.8-19.4) 13.9 (8.5-20.3) 0.007 12.8(7-19.4) 13.7(8.5-20.8) 0.04
Hgb on admission, median (IQR) 9.7 (8.3-11.5) 9.8 (8.5-11.4) 0.67 9.7(82-11.4) 99 (8.5-11.7) 0.25
Creatinine on admission, median (IQR) 1.1(0.8-1.7) 1.3(0.9-2.3) <0.0005 1.12 (0.75-1.7) 1.35(0.89-2.4) <0.0005
Sepsis source
0. Other/unknown/line-associated 27 (4.7) 38 (5.0) 0.35 24 (4.6) 31 (5.8) 0.35
1. Respiratory 64 (11.2) 73 (9.6) 55 (10.5) 53 (10.0)
2. Intra-abdominal (HPB, foregut, small and large bowel, 350 (61.1) 464 (60.7) 328 (62.5) 323 (61.2)
other, and ob/gyn)
3. Skin/soft tissue (burn and NSTI) 64 (11.2) 116 (15.2) 57 (10.9) 77 (14.6)
4. Renal/urologic 36 (6.3) 40 (5.2) 33 (6.3) 23 (4.4)
5. Orthopedic 15 (2.6) 17 (2.2) 12 (2.3) 9 (1.7)
6. Head and neck, thoracic 17 (3.0) 16 (2.1) 16 (3.1) 12 (2.3)
Procedure category
0. None 105 (18.3) 103 (13.5) 0.01 94 (17.9) 68 (12.88) 0.10
1. Exploratory laparotomy/laparoscopy (including urology, gyn, bowel) 299 (52.2) 423 (55.4) 281 (53.5) 298 (56.4)
2. Soft tissue debridement (including Burn) 51 (8.9) 105 (13.7) 45 (8.6) 69 (13.1)
3. IR procedure (when the sole intervention): including therapeutic 28 (4.9) 43 (5.6) 27 (5.1) 24 (4.6)
embolization, perc drainage (not included if accompanied by invasive
procedure otherwise described)
4. Therapeutic endoscopy (when the sole intervention, not included if 35(6.1) 43 (5.6) 31 (6.1) 32 (6.1)
accompanied by invasive procedure otherwise described)
5. Thoracic and head and neck (excluding foregut) 20 (3.5) 14 (1.8) 19 (3.6) 13 (2.5)
6. Neurosurgery 11 (1.9) 9(1.2) 7(1.3) 9(1.7)
7. Orthopedic/vascular 24 (4.2) 24 (3.1) 20 (3.8) 15 (2.8)
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other surgical sources. There were no significant differences in
sepsis source between groups, with intra-abdominal sources be-
ing most common, followed by skin and soft tissue. The type of
index procedure was statistically different between groups, with
a higher proportion of soft tissue debridements in the obese co-
hort and increased head and neck operations in the nonobese
group. These analyses were performed in the matched cohorts
and are summarized in Table 2.

Hospital Outcomes for Obese and Nonobese
Surgical Patients With Sepsis

Comparative outcomes are summarized between unmatched
and matched cohorts in Table 3. In unmatched analyses, patients
with obesity demonstrated higher median ICU LOS but lower
overall LOS, excluding in-hospital mortalities. The incidence
of respiratory and renal failure was significantly higher in the
obese cohort, with a near doubling in the incidence of renal fail-
ure. Median days spent receiving renal replacement therapy
(RRT) or on mechanical ventilation were not statistically dif-
ferent between unmatched cohorts. Both in-hospital and cumu-
lative 90-day mortality were significantly higher in the obese
versus nonobese cohort. We performed a subgroup analysis to char-
acterize comparative mortality across obesity classifications (see
Table 3). There was no statistical difference in mortality across
obesity classifications for both in-hospital and cumulative
90-day mortality. Discharge disposition was comparable be-
tween groups. Within matched groups, median ICU LOS was
significantly longer for patients with obesity but was not sig-
nificant when excluding in-hospital deaths. Overall LOS was

comparable. In-hospital and cumulative 90-day mortality re-
mained significantly higher in the obese versus the control co-
hort after matching.

Predictors of Mortality, Respiratory, and
Renal Failure

Baseline characteristics predictive of mortality, respiratory,
and renal failure were modeled in Table 3 and Table 4. Following
matching, in-hospital mortality was independently predicted by
increasing admission SOFA and age, having COPD or baseline
moderate to severe liver dysfunction, being transferred from an
outside hospital, antecedent trauma, and obesity, with an associ-
ated hazards ratio (HAZ. ratio) of 2.1 (95% confidence interval
[CI], 1.5-2.9). Undergoing an exploratory laparotomy (compared
with nonoperative management) was associated with a significant
increase in the hazards ratio of in-hospital mortality (HAZ ratio,
1.64; 95% CI, 1.03-2.64). Obesity was an independent predictor
of 90-day mortality (HAZ. ratio, 1.6; 95% CI, 1.2-2.2), with se-
vere liver dysfunction, transfer status, COPD, antecedent trauma,
increasing age and SOFA score remaining significant. Procedur-
ally, undergoing a soft tissue debridement (compared with nonop-
erative management) was associated reduction in the hazards ratio
for cumulative 90-day mortality (HAZ. ratio, 0.45; 95% CI,
0.24-0.86). Next, we modeled predictors of respiratory failure
in this patient population in both matched and unmatched cohorts.
Following matching, obesity was an independent predictor of re-
spiratory failure requiring mechanical ventilation, along with in-
creasing baseline SOFA scores. Covariates chosen to model pre-
dictors of renal failure included admission SOFA, obesity, age,

TABLE 3. Comparative Outcomes Following Admission to the Surgical ICU in Matched Cohorts

Matched: obesity

Variables No (n=528) YES (n =528) P
ICU LOS (days): p50 (IQR) 5.6 (2.6-13.3) 8.2 (3.6-18.1) <0.0001
LOS (excluding in-house deaths): pS0 (IQR) 19.0 (11.0-33.0) 18.5 (10.0-31.0) 0.9100
Overall LOS (days): p50 (IQR) 20.0 (12.0-33.0) 19.0 (12.0-32.0) 0.4091
LOS (excluding in-house deaths): p50 (IQR) 19 (11-33) 20 (12-32) 0.34
Respiratory failure, n (%) 354 (67.3) 303 (76.4) 0.001
Time on vent (days): pS0 (IQR) 4(2-9) 5(2-12) 0.006
Renal failure, n (%) 61 (11.6) 123 (23.3) <0.0005
Days on renal replacement therapy (days): p50 (IQR) 6 (3-12) 7 (3-16) 0.26
In-house mortality 96 (18.18) 154 (29.17) <0.0001
90-d Mortality 129 (24.43) 180 (34.09) 0.0006
In-house mortality by BMI classification within obese patients
Class I obesity: BMI 30-35 57 (27.5) 0.76
Class II obesity: BMI 3540 40 (31.3)
Class III obesity: >40- 57 (29.4)
Cumulative 90-d mortality by BMI classification with obese patients
Class I obesity: BMI 30-35 72 (34.8) 1.0
Class II obesity: BMI 3540 45 (35.2)
Class III obesity: >40 68 (35.1)
Discharge disposition, n (%)
Home 137 (31.93) 104 (27.96) 0.4727
SNF/LTACH 268 (62.47) 246 (66.13)
Hospice 24 (5.59) 22 (5.91)
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TABLE 4. Cox Proportional Hazards Model for In-House and 90-Day Mortality in Matched and Unmatched Cohorts

In-Hospital Mortality

Cumulative 90-Day Mortality

Matched Cohort Matched Cohort

Covariates HAZ. Ratio  Std. Error 95% CI P HAZ. Ratio Std. Error 95% CI1 P
SOFA 1.15 0.028 1.10-1.21 <0.0001 1.13 0.025 1.08-1.18 <0.0001
Obese vs. nonobese 2.11 0.35 1.52-2.92 <0.0001 1.61 0.24 1.20-2.16 0.001
Age 1.04 0.006 1.027-1.052  <0.0001 1.035 0.0056 1.024-1.046  <0.0001
Female sex 0.961 0.162 0.697-1.345 0.85 1.0 0.15 0.74-1.34 0.994
COPD 1.97 0.36 1.38-2.81 <0.0005 1.84 0.31 1.31-2.60 <0.005
CHF 1.04 0.19 0.62—1.85 0.800 0.72 0.19 0.42-1.21 0.22
Diabetes (controlled and complicated) 1.04 0.18 0.73-1.48 0.818 1.13 0.185 0.82-1.56 0.44
Moderate to severe liver dysfunction 243 0.68 1.404.21 0.002 248 0.66 14742 0.001
Procedure (compared with no operation)

Exploratory laparotomy 1.64 0.40 1.03-2.64 0.04 1.37 0.29 0.91-2.08 0.13

Soft tissue debridement 0.58 0.21 0.28-1.19 0.14 0.45 0.15 0.24-0.86 0.015

IR procedure 1.14 0.49 0.49-2.65 0.77 091 0.35 0.43-1.95 0.82

Therapeutic endoscopy 1.07 0.44 0.47-2.42 0.87 0.75 0.28 0.36-1.56 0.44

Thoracic/head and neck 1.07 0.61 0.35-3.28 0.90 0.54 0.30 0.19-1.58 0.26

Neurosurgery 0.90 0.67 0.21-3.89 0.78 0.85 0.55 0.24-3.04 0.80
Orthopedic/vascular 1.16 0.62 0.41-3.31 0.78 0.68 0.34 0.25-1.82 0.44
Trauma 3.04 0.91 1.70-5.48 <0.005 2.17 0.61 1.24-3.77 0.006
Transfer (yes vs. no) 1.94 0.31 1.41-2.66 <0.0005 1.73 0.25 1.30-2.30 <0.0001

sex, COPD, diabetes, moderate to severe liver dysfunction, stage
I or higher CKD, CHF, and transfer status (Table 5).

Impact of Obesity on Survival Following
Admission to the Surgical ICU

Kaplan Meier survival curves for 90-day survival were
generated and compared between matched obese and nonobese
cohorts (Fig. 1A). Overall survival curves were significantly dif-
ferent between obese and nonobese patients, with overall survival
significantly lower in the obese cohort at 90 days. However, the
survival curve for the obese cohort exhibited a paradoxical in-
crease in survival during the first 7 days from admission, which
was also statistically significant from the nonobese cohort. This
survival difference is magnified in Figure 1B. Following this time

point, the survival curve for the obese cohort demonstrates a steep
decline in survival, which is carried out to the 90-day time point.

DISCUSSION

The objective of this study was to evaluate the obesity par-
adox within a surgical cohort of patients with sepsis. To our
knowledge, this is the first study to examine the implications
of obesity in sepsis in a large cohort of surgical patients, of
which the majority underwent emergency general surgery.
Within surgical patients with sepsis, we demonstrated that obe-
sity was independently associated with increased overall
90-day and in-hospital mortality compared with nonobese pa-
tients. Furthermore, obesity remained an independent predictor
of respiratory and renal failure during the index admission.

TABLE 5. Predictors of Respiratory and Renal Failure

Respiratory Failure Requiring Mechanical Ventilation

Renal Failure Requiring RRT

Matched Cohort Matched Cohort

Covariates OR Std.Error 95% CI P Covariates OR Std. Error 95% CI P
SOFA 1.137  0.0240 1.085-1.192  <0.0001 SOFA 1.1 0.27 1.05-1.16 <0.005
Obese vs. Nonobese 1.561  0.1446 1.176-2.072  0.0021 Obese vs. nonobese 2.18 0.39 1.54-3.1  <0.005
Age 0.998  0.00474  0.989-1.008  0.7054 Age 0.99 0.006 0.98-1.00 0.20
Female sex 0.949  0.1464 0.712-1.264  0.7182 Female sex 0.62 0.11 0.44-090 0.01
COPD 1.316  0.1816 0.922-1.878  0.1309 COPD 1.27 0.25 0.85-1.87 0.24
Diabetes 0.869  0.1604 0.634-1.189  0.3798 Diabetes 1.14 0.21 0.80-1.63  0.46
Moderate to severe liver dysfunction 1.296  0.3005 0.719-2.336  0.3878 Moderate to severe liver dysfunction 1.4 043 0.77-2.54  0.26
CHF 1.205  0.2829 0.692-2.097  0.5103 CKD Stage III or higher 2.26 0.54 1.42-3.60  0.001
Transfer (yes vs. no) 1.255  0.1425 0.949-1.660  0.1110 CHF 0.94 0.29 0.51-1.72  0.835

Transfer (yes vs. no) 0.87 0.15 0.62-1.21 042
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Figure 1. Comparative adjusted Kaplan-Meier curves for obese and nonobese patients using matched cohorts for overall 90-day (A)
and early survival within 8 days of admission (B). (A) Biphasic distribution of survival in obese versus lean cohorts, with an initial survival
benefit in the early period. Shaded areas include 95% Cls. This survival benefit is magnified in panel B.

Interestingly, when comparing survival curves between both co-
horts, patients with obesity exhibited two distinct phases com-
pared with lean patients. The first 7 days following hospitaliza-
tion was characterized by a statistically significant improvement
in survival compared with the nonobese cohort, reflecting a 33%
reduction in early mortality among obese patients. A precipitous
drop in survival followed this time point, resulting in a higher cu-
mulative 90-day mortality compared with nonobese patients.
Overall, using robust statistical analyses including propensity
matching, these data support the conclusion that obese surgical
patients had a significantly higher in-hospital and cumulative
90-day mortality, while also exhibiting a paradoxical survival
benefit in the early period following their septic insult.

While there are many conflicting studies on the obesity
paradox in critically ill patients, the majority of these utilize non-
surgical cohorts. This is an important distinction, as sepsis is not
one unique phenomenon, and operative interventions likely have
significant implications for modulating the sepsis phenotype.
The closest study to ours evaluated the impact of BMI on
60-day mortality in over 12,000 patients admitted to a surgical
ICU>* Notably, their data suggested improved survival with
higher BMI. However, when analyzing the cohort for this study,
nearly 10% of these admissions were medical and more than
70% were elective surgical cases.>* This contrasts significantly
to our cohort, the majority of which were urgent surgical admis-
sions with intra-abdominal sepsis. Therefore, one plausible ex-
planation for the divergence of results between these two studies
is that the impact of obesity has differential effects based on the
type of patient (medical vs. surgical), the disease process (sepsis
vs. other organ failure), and the sepsis source (intra-abdominal,
skin and soft tissue, trauma).

To this point, previously published data from our own in-
stitution demonstrated significant variability in outcomes based
on sepsis source, with mortality being highest in patients with
intra-abdominal sepsis and lowest in those with urologic sources
of infection.>* In another study analyzing the impact of obesity
for outcomes following necrotizing soft tissue infections, class

© 2024 Wolters Kluwer Health, Inc. All rights reserved.

II obesity was associated with decreased adjusted in-hospital
and 90-day mortality compared with other weight categories.*
Conversely, Arbabi et al. noted that rising BMI was associated
with decreased injury severity score in trauma patients but a par-
adoxical increase in adjusted mortality.*® Thus, despite a protec-
tive “cushion effect” that reduced presenting injury severity,
obese patients demonstrated worsened systemic outcomes fol-
lowing traumatic insults.>®*¢ These findings may be particularly
relevant when considering our own study, as traumatic injury is
associated with significant immune disruption, comparable in
many ways to sepsis.’’ Secondly, trauma patients often require
emergent surgical intervention, a characteristic our study cohort
shares. Taken together, these data suggest that the implications
of obesity vary significantly based on the specific surgical pop-
ulation and obesity classification. Unfortunately, our current
data set was not powered to detect nuances in comparative mor-
tality by procedure category between obese and nonobese pa-
tients. Future studies will focus on elucidating this interaction
more comprehensively.

A particularly notable finding from this study is the bi-
phasic trend in survival exhibited by obese surgical patients
compared with the lean cohort. Septic surgical patients with obe-
sity demonstrated a paradoxical improvement in survival com-
pared with lean patients in the first 7 days of their hospitaliza-
tion, followed by a rapid decline between Days 7 and 90. While
the mechanism behind this is likely multifactorial, the immuno-
logic dysregulation associated with obesity undoubtedly plays
an important role in this initial “obesity paradox.” Although obe-
sity is associated with chronic, low-grade inflammation, im-
mune cell functionality can be impaired under these circum-
stances. Cichon et al. demonstrated that while neutrophils from
obese mice were more likely to be chronically activated and
spontaneously form neutrophil extracellular traps (NETs), they
formed less NETS in response to LPS compared with lean mice.*®
This suggests that obese neutrophils may be chronically exhausted
and less responsive in the setting of a septic insult.*® Given the im-
portance of neutrophil function in pathogen clearance and wound
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healing, this consequence likely has significant ramifications for
surgical patients with sepsis. Baseline neutrophil dysfunction may
contribute to a relative immunologic anergy that reduces the over-
whelming proinflammatory cascade in the early phase of sepsis,
while leaving the patients more susceptible to longer term morbid-
ity, including secondary infections, surgical complications, and the
development of persistent inflammation immunosuppression ca-
tabolism syndrome.** Obesity is associated with regulatory T cell
exhaustion, as well as polarization of macrophages to proinflamma-
tory M1 subtypes. These changes are associated with downstream
systemic consequences, such as peripheral vascular disease and
type II diabetes. Given the systemic immune changes associated
with sepsis, it is likely that there are significant derangements asso-
ciated with exposing chronically inflamed immune cells to a new
septic insult. This may explain the rapid decline patients with obe-
sity exhibited in this study further along in their hospitalization after
a septic insult.

LIMITATIONS

This study is limited by its retrospective nature and repre-
sents data from a single institution. Given the heterogeneity of
surgical patients, we acknowledge that there are many other fac-
tors in the surgical course of these patients that may impact mor-
tality. To this point, we included details about sepsis source and
index procedure to alleviate some of these concerns. However,
the number of reoperations and the impact of specific abdominal
pathologies on morbidity and mortality are clearly relevant to
this study and will need to be analyzed in future studies. For ex-
ample, the type of intervention, length of operation, and modal-
ity (minimally invasive vs. open) are known procedural variables
that can modify morbidity and mortality in surgical patients.
Unfortunately, this study cohort was not powered to statistically
elucidate nuances in mortality across these procedural consider-
ations. Another important confounder that we were unable to
adjust for is malnutrition. While this is often underrecognized
in obese patients, malnutrition has been demonstrated to be a
significant predictor of surgical outcomes. Furthermore, given
its implications for frailty, understanding the interplay between
obesity and malnutrition will be an important area of research in
future studies. Our current database does not include robust
data on prehospital nutritional status and could not be included
for this analysis. Prior studies have found that mortality may not
be equally distributes across weight classification.*'*? In our
study, subgroup analysis did not reveal any statistical difference
in mortality across obesity category (see Table 3). One reason for
this discrepancy may be that nuances in mortality by obesity
classification are procedurally dependent or vary across differ-
ent sepsis sources. This study was not powered to evaluate these
interactions, representing another limitation in our conclusions.
Similarly, diabetes has been associated with worsening surgical
outcomes and mortality. Our data set did not reveal that diabetes
was a significant predictor of mortality within our cohort, al-
though granular data regarding degree of pre-admission control,
medication versus insulin therapy, and time with diagnosis were
not available for this study. This represents an area for future in-
vestigations. fFinally, additional laboratory surrogates for in-
flammation, such as cytokine data, c-reactive protein, and eryth-
rocyte sedimentation rate, are not included in this data set and
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would add important insight into differences in immunologic re-
sponses between these cohorts.

CONCLUSION

Despite the above limitations, this is a robust evaluation of
the implications of obesity on morbidity and mortality following
sepsis in surgical patients. We think these data convincingly
demonstrate that obesity is associated with a paradoxical im-
provement in early survival after a septic insult and a rapid in-
crease in mortality later in the index hospitalization. This study
provides novel insight into the obesity paradox within surgical
patients with sepsis. Future studies evaluating the immunologic
impact of obesity on sepsis-induced immune dysregulation will
be paramount, both in exploring the immediate survival benefit
and understanding the pathophysiology of increased later mortality.
Understanding the physiologic differences that may mediate these
outcome disparities may ultimately provide crucial insight into
new treatment strategies for obese and lean septic surgical patients.
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