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Abstract

Background: While exposure to fine particulate matter air pollution (PM2.5), a
component of Wildfire Smoke, is known to cause adverse health effects, its impact
on postoperative outcomes in US adults remains understudied. Perioperative
exposure to PM2.5 may induce inflammation that interacts insidiously with the
surgical stress response, leading to higher postoperative complications.

Methods: We conducted a single center, retrospective cohort study using data from
49,615 surgical patients living along Utah's Wasatch Front and who underwent
elective surgical procedures at a single academic medical center from 2016-2018.
Patients’ addresses were geocoded and linked to daily Census-tract level PM2.5
estimates. We hypothesized that elevated PM2.5 concentrations in the week prior to
surgery would be associated with an increase in a bundle of major postoperative
complications. A hierarchical Bayesians regression model was fit adjusting for age,
sex, season, neighborhood disadvantage, and the Elixhauser index of comorbidities.

Results: Postoperative complications increased in a dose-dependent manner with
higher concentrations of PM2.5 exposure, with a relative increase of 8% in the odds
of complications (OR=1.082) for every 10ug/m3 increase in the highest single-day
24-hr PM2.5 exposure during the 7 days prior to surgery. For a 30 fold increase in
PM2.5 (1 ug/m3 to 30ug/m3) the odds of complication rose to over 27% (95%Cl: 4%-
55%). The association persisted after controlling for comorbidities and confounders;
our inferences were robust to modeling choices and sensitivity analysis.

Conclusions: In this large Utah cohort, exposure to elevated PM2.5 concentrations in
the week before surgery was associated with a dose-dependent increase in
postoperative complications, suggesting a potential impact of air pollution on
surgical outcomes. These findings merit replication in larger datasets to identify
populations at risk and define the interaction and impact of different pollutants.
PM?2.5 exposure is a potential perioperative risk factor and, given the unmitigated air
pollution in urban areas, a global health concern.

Introduction

* Exposure to air pollution is associated with adverse
health effects(Pearson, 2011; Atkinson, 2014;
Farhadi, 2020; Shah, 2015; Fu, 2018), but its impact
on postoperative outcomes is not well studied as a
knowledge gap remains regarding the impact of
individual perioperative patient air pollution
exposure with small particles (IPAPE).

e Described in less than 2 dozen studies(Kovtun,
2021; Huang, 2023) IPAPE may augment
physiological mechanisms inherent in the surgical
stress response and increase perioperative
morbidity and mortality(Gutierrez, 2011).

e |ftrue, this could drive targeted perioperative
mitigation (e.g. re-scheduling surgery for at-risk
patients or improved home ventilation) and would
have significant environmental policy implications.

e Utilizing the natural weather events of northern
Utah, USA, where poor air quality is cleared by
frequent weather events at random, we aimed to
determine if preoperative exposure to fine
particulate matter (PM2.5), a component of
wildfire smoke, is associated with increased
postoperative complications.
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Figure 1 details our initial cohort downloaded from Data Direct from MPOG.org
and the process of exclusion criteria applied to generate our final cohort. Of note,
the greatest number of patients eliminated was when excluding those who lived
outside of the Wasatch Front study area.
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Figure 2 illustrates the rapidly changing pollution levels along the “Wasatch Front” mountain
range in Salt Lake City, UT. The unique mountain geography of the “Wasatch Front,” along with
five oil refineries, multiple industrial facilities, 2.2 million people, the intersection of two major
interstate highways, and a national train depot, work together to produce the increased
occurrence of extreme pollution events in the region, which dramatically impact ambient PM, ¢
concentrations32°8°2, This results in inversion conditions during the winter, with warm air aloft
the valley trapping cold air and pollutants in the densely populated valley below. Similarly, in
the summer when wildfires throughout the American West dominate pollution exposures, the
geological bowl produced by the intersection of multiple mountain ranges that comprise the
Wasatch Front act as a shield that accumulates wildfire smoke in the metropolitan region. In
both instances, low pressure systems tend to rapidly clear the area of pollutants, at random. As
a result, patients are quasi-randomly exposed to high or low pollution levels, while their surgery
scheduling is disregarding this exposure, leading to a natural experiment. The left map
illustrates high observed pollution levels (red/purple for unhealthy high pm 2.5 levels) due to a
recent wildfire event on September 11-12, 2024 while the right map demonstrates how a
change in weather patterns cleared the air, leading to suddenly much lower pollution exposures
(blue). The graph demonstrates this timeline of rapidly changing 2.5 small particle pollution
levels, with markers for the dates of the maps.

Methodology

* We conducted a retrospective cohort study using
data from 49,615 surgical patients from the
University of Utah, all of whom resided along Utah's
Wasatch Front from 2016-2018.

* Individual patient addresses were geocoded and
linked to daily the maximum value PM2.5 estimates
at the Census Tract level over 7 days preoperatively
from a large scale fused air quality wildfire
model(Reid, 2021).

* We constructed multivariate Bayesian hierarchical
models to test the association between max 7-day
PM?2.5 exposure as a bivariate at exposure
threshold of 35 ug/m3 and our primary outcome, a
composite of major complications (stroke,
myocardial infarction, acute kidney injury, surgical
site infection)

* Models adjusted for age, sex, year, season
(fire/cars/other), county, Neighborhood
Depirvation, and Elixhauser comorbidity index (van
Walraven, 2009; Austin, 2015)

Conclusion

* |nthis large Utah cohort, exposure to elevated
PM2.5 in the 3 weeks prior to surgery was
associated with markedly increased postoperative
complications.

* While preliminary, our findings underscore the need
to study this question in more diverse regions and
populations.

* Determining patient-level preoperative pollution
exposure could identify those at higher risk of
complications.

* Further, we may be able to mitigate risks with

nersonal protective equipment or advanced air

filtration at home.

e Qur findings have international importance as air
pollution and PM?2.5 are still considered potent
public health threats globally, and levels of >30
ug/m3 are commonly exceeded

* This work may inform public policy and econometric
models on the health effects of air pollution.

Results

* The postoperative complication rate increased with
higher levels of PM2.5 in the model, even after
adjusting for comorbidities, with OR 1.082 for every
10ug/m3 of increase in PM2.5

* PM2.5 levels of >30 ug/m3 were associated with an
ORof 1.27 (95% Cl 1.04 — 1.55)

* This translates to a 27% increased risk of
complications on days where PM2.5 >30 ug/m3

e Elixhauser Comorbidity Index was seen to increase
risk of surgical complications, indicating proper
model calibration
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Figure 3: Maximum PM2.5 in the 7 days pre-operatively (Lag0-Lagb6) vs. Complication Rate.
Panel A (top) details Complications Rate vs. Maximum PM?2.5 of the 7-day lag period,
while Panel B (bottom) details the same broken down by Elixhuaser Comorbidity
Index. Complication rate is shown as absolute value, so here 0.04 = 4% complication
rate. The PM2.5 values are the maximum observed in the 7-day preop window, in
ug/m3, Lag O is day of surgery. In Panel B as noted, the overall complication rate for
those with higher Elixhauser comorbidity index is higher at baseline, but rose more
quickly with elevations in PM2.5. This response to PM2.5 continued to increase in
magnitude as Elixhauser index increased. Note that the effect of PM2.5 was greater
among this with Elixhauser of 5, but that the baseline complication rate was also
higher.
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