Quality Improvement Training in Closed System Technique Significantly

Introduction:

Exposure to waste anesthetic gases (WAGSs) remains a significant occupational
hazard for operating room (OR) personnel, despite longstanding ASA
recommendations. Establishing causality is difficult due to confounding
factors, yet hepatic and hematologic abnormalities have been repeatedly
documented in exposed staff. The need for updated oversight is clear, as
OSHA has not revised anesthetic gas exposure standards since 1977.
Benchmark data:

Chronic WAG exposure Is associated with increased Ilymphocytes,
granulocytes, ALT, AST, ALP, and elevated plasma fluoride and
hexafluoroisopropanol, along with reduced hemoglobin, RBCs, hematocrit,
platelets, and monocytes; animal studies mirror these findings. Environmental
assessments also reveal elevated sevoflurane levels in anesthesia work areas
and frequent exceedance of exposure limits, particularly with odorless
desflurane (which has been discontinued). .

Description of Intervention:

Our intervention addressed these hazards by reinforcing closed-system
anesthesia technigues and implementing annual hazard-awareness training
each August, emphasizing health risks, scavenging equipment, and protocol
adherence through didactic and hands-on sessions.

Post-Intervention Results:

Alignment with national recommendations is supported by NIOSH data
calling for regular equipment maintenance, monitoring, retraining, and
exposure surveillance, and further updates to OSHA standards could
substantially reduce WAG exposure and improve OR safety.
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Chronic exposure to WAGS in the operating room is associated with increased
risks of reproductive toxicity, neurotoxicity, DNA/genetic damage, and adverse
organ effects.

Reproductive health:

Meta-analyses and systematic reviews show specifically nitrous oxide and
halogenated agents, are linked to higher rates of spontaneous abortion and
congenital anomalies among exposed female healthcare workers, with a risk
ratio for spontaneous abortion of 19 in operating room nurses [1]. Chronic
exposure also correlates with lower sex hormone levels in both male and
female staff, suggesting impaired reproductive function.

Neurotoxicity:

WAGSs can cause dose-dependent central nervous system effects, including
decreased cognitive function and dexterity [2].

Genotoxicity and DNA damage:

Significantly associated with increased DNA damage and genetic instability in
operating room personnel [3].

Organ effects:

Chronic WAG exposure may impair cardiac, pulmonary, liver, and kidney
function, with studies reporting altered hematopoietic parameters and
changes in cardiac electrophysiology [4].
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Table 1. Exposed sources on OR staff and their documented health risks

Exposed Non-exposed Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Aldrieny et al. 2013 492 268 26 0.846 1.28 13 11.1% 1.72[0.94, 2.50] i
Bilban et al. 2005 2.7 1.1 183 1.6 06 153 14.0% 1.24 [0.99, 1.48] -
Borayek et al. 2018 3.2 1.2 32 2 082 32 12.7% 1.15[0.62, 1.69] -
Chandrasekhar et al. 2006 8.42 1.3 45 3.03 0.93 45 10.9% 4.73 [3.91, 5.55] .

Kargar-Shouroki et al. 2019 6.76 3.12 60 3.68 1.9 60 13.4% 1.18 [0.80, 1.57]

Musak et al. 2009 253 146 76 126 093 76 13.6% 1.03 [0.69, 1.37] -

Santovito et al. 2015 181 0.385 21 152 0385 21 12.1% 0.74 [0.11, 1.37] il

Shaker et al. 2011 43 33 27 23 14 18 122% 0.72[0.11, 1.34] il

Total (95% CI) 440 418 100.0% 1.50 [0.96, 2.05] 3

Heterogeneity: Tau? = 0.54; Chi? = 77.95, df = 7 (P < 0.00001); I = 91% - 1 5 5 3 5 150

Test for overall effect: Z = 5.38 (P < 0.00001) Non-exposed Exposed

Fig.l Total Chromosomal Aberrations per 100 Metaphase Cells in WAG-Exposed Staff [7]

(A) Exposed Non.exposed Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Braz_etal 2020 035 05 32 015 035 31 104% 0.46 [-0.04, 0.96) 1
Brazetal 2018 032 049 30 015 03 30 100% 0.41[0.10,092 7
Brazetal 2020 081 124 40 043 064 40 133% 0.38 -0.06,0.82] I =T
Cakmaketal 2019 1.37 219 46 043 103 21 95% 0.49[-0.04,1.01) P——
Chandrasekhar et al 2006 032 049 45 015 03 45 149% 0.41 [0.00,083) PR
Silva etal 2022 11 142 100 066 1.01 93 322% 0.35[0.07,0.64) —
Souzaetal 2016 041 129 30 02 054 27 96% 0.21 10.32,0.73] T
Total (95% CI) 323 287 100.0% 0.38 [0.22, 0.54) BN
Heterogeneity. Chi*=075,df=6 (P=099), F= 0% r2 v1 5 ; 5
Test for overall effect Z= 4 .63 (P < 0.00001) Non-exposed Exposed
(8) Exposed Non-exposed Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Bilban et al. 2005 222 92 153 10 32 153 146% 1.77[1.50, 2.03] -
Cakmaketal 2019 65 343 60 353 239 60 136% 1.00 [0.62, 1.38] ——
de Araujo etal 2013 1225 255 30 6514 186 30 101% 2700199, 3.41) ——
Kargar-Shouroki et al 2022 802 241 45 567 192 45 129% 1.07 [0.63, 1.51) Peiene
Lewinska et al 2005 902 467 46 436 223 28 12.3% 1.17[0.66, 1.68) S
Neghab et al. 2020 782 201 60 56 182 60 135% 1.15(0.76, 1.54) -
Rozgaj et al 2009 268 1886 50 114 976 50 132% 1.02[0.60,1.44) —
Wiesner et al 2008 894 335 14 839 345 14 98% 016 [-0.5%,0.90] o
Total (95% C1) 458 440 100.0% 1.25[0.87, 1.63) B
Heterogeneity Tau= 0.24, Chi*= 41,94, df= 7 (P < 0.00001), P= 83% + b 5 ) i

Test for overall effect Z= 6.48 (P « 0.00001) Noamossd Ewosed

Fig.l Effect of WAGs exposure to (A) Micronuclei (buccal), (B) Micronuclei (lymphocyte).
Data was presented per 1000 cells [7]

Closed-circuit anesthesia represents an evidence-based,
resource-conserving practice that aligns with quality and sustainability
goals Iin perioperative care. In this technique, exhaled gases are recirculated
after CO, removal, while fresh-gas flow (FGF) is reduced to approximate the
patient's metabolic oxygen consumption (r200-250 mL/min). This
Minimizes anesthetic gas waste, reduces operating room emissions, and
lowers cost without compromising patient safety or anesthetic depth.

Our QI project emphasizes optimizing anesthetic delivery through precise
mMonitoring, system integrity checks, and reeducation on closed-circuit
management. The workflow begins with a wash-in phase (FGF 4-6 L/min) to
denitrogenate the circuit and achieve target anesthetic and O
concentrations. Once stable, the circuit is closed, and flow is reduced to
mMetabolic O, demand plus agent uptake. Continuous monitoring of O,
CO,, anesthetic concentration, pressures, and volume ensures physiologic
stability and early detection of leaks or CO, absorber exhaustion.
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Fig 3. Closed circuit technique
Each component of the circle system plays a role in quality and safety:

e Unidirectional valves & CO, absorber — ensure effective rebreathing without
CO; retention.

e Reservoir bag/ventilator bellows — accommodate tidal volume and compliance
changes.

e Analyzers & leak testing — prevent hypoxia and anesthetic under-delivery.

Implementation of closed-circuit anesthesia supports the Triple Aim, improving
patient outcomes, reducing costs, and minimizing environmental
Educational reinforcement, equipment standardization, and outcome tracking
serve as measurable QI metrics.

Impact.

WAGs remain a significant occupational health risk for operating room
personnel, with evidence linking chronic exposure to DNA damage,
oxidative stress, and adverse reproductive outcomes [1, 3, 12].
INnterventions such as closed system training, annual hazard awareness
retraining, and implementation of OSHA protocols are effective in
reducing WAG exposure and associated health risks, but optimal
orotection  requires  consistent application and  institutional
commitment. Regular environmental monitoring, prompt equipment
mMaintenance, and comprehensive education are critical components of
a successful WAG management program. There is a need for updated
occupational exposure standards and improved adherence to safety
protocols to ensure the health and safety of all operating room
personnel. Future efforts should focus on enhancing surveillance and
advocating for evidence-based revisions to regulatory guidelines.
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Fig 4. Closing the Loop: How Training Reduces OR Staff Exposure
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