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soft tissue emphysema from deep space infec-
tion, tracheal diverticulum, and chronic opioid
dependence creates an anesthetic challenge in
which the use of routine anesthetic approach-
es may require adjustment and individualized
planning in such complex patients. A unified
strategy centered on spontaneous breathing
preservation, reduced-dose co-induction tai-

lored to hemodynamic instability, and sys-
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tematic avoidance of contraindicated agents
achieved safe anesthetic management across
all coexisting conditions. This case underscores
the critical importance of thorough preoperative
imaging review by anesthesiologists, the value
of spontaneous breathing techniques in patients
with multifactorial airway compromise, and
the need for increased availability of fiberoptic

bronchoscopy in resource-limited settings.
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2. No cuff pressure monitoring was performed.
Continuous cuff pressure monitoring (target
20-25 cmH-0) is recommended in TD patients
to prevent diverticular wall compression and
mucosal ischemia [13].

3. No preoperative spirometry. The urgency of
the case and the patient’s agitation preclud-
ed formal pulmonary function testing, which
would have quantified the severity of obstruc-
tion and guided risk stratification by GOLD cri-
teria [24, 26].

4. Loss to follow-up. The patient’s homelessness
and lack of health insurance prevented assess-
ment of long-term respiratory outcomes, wound
healing, and tracheal diverticulum surveillance.
This reflects a broader challenge documented in
the literature regarding postoperative follow-up
in patients experiencing homelessness.

5. Awake intubation was not performed. The
2022 ASA Difficult Airway Guidelines recom-
mend awake tracheal intubation for anticipated
difficult airways. While the TD was identified
preoperatively, the patient’s agitation and limit-
ed cooperation made awake intubation imprac-
tical [22, 23].

Recommendations for Similar Cases

Based on this case and the available literature,
we propose the following framework when em-
physema coexists with TD, active pulmonary
infection, and/or opioid dependence:

1. Comprehensive anesthesiologist-led CT re-
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view. All preoperative thoracic imaging should
be reviewed by the anesthesia team and not
merely rely on the radiology report to identify
tracheal diverticula, bullae distribution, and the
extent of parenchymal infection.

2. FOB-guided intubation when TD is identi-
fied, to confirm ETT and cuff positioning rela-
tive to the diverticular orifice.

3. Spontaneous breathing preservation as the
preferred ventilation strategy whenever surgi-
cally feasible in patients with coexisting em-
physema and TD.

4. Avoidance of nitrous oxide (bullae expansion,
TD expansion), histamine-releasing agents
(bronchospasm), thiopental (airway reactivity),
etomidate (adrenal suppression in sepsis), and
mixed agonist-antagonist opioids (withdrawal
precipitation) [17, 19, 20, 21].

5. Reduced-dose propofol co-induction with IV
lidocaine and fentanyl in hemodynamically un-
stable patients [16].

6. Extubation under controlled conditions in
the OR with difficult airway equipment imme-
diately available.

7. Continuous cuff pressure monitoring in all

patients with known TD.

Conclusions

This case demonstrates that the convergence of
bilateral pulmonary emphysema (centriacinar

and paraseptal), active bronchogenic infection,
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tilation could rupture the thin-walled divertic-
ulum, causing pneumomediastinum or pneu-
mothorax, compounding the already-elevated
pneumothorax risk from emphysema [12, 15].
From standard opioid management:

8. Opioid withdrawal or overdose. Standard
dosing without accounting for tolerance either
undertreats pain (triggering withdrawal with
sympathetic storm) or causes lethal respiratory
depression in a patient whose respiratory re-
serve is consumed by emphysema and infec-
tion [21].

From nitrous oxide use:

9. Catastrophic bullae expansion. N2O diffuses
into closed air spaces 34 times faster than ni-
trogen exits, expanding emphysematous bul-
lae, worsening hyperinflation, and potentially
expanding the tracheal diverticulum, a combi-
nation that could simultaneously cause pneu-

mothorax and diverticular rupture.

The Spontaneous Breathing Strategy: Address-
ing Multiple Risks Simultaneously

The preservation of spontaneous breathing
throughout surgery was the single decision that
most effectively mitigated the greatest number
of simultaneous risks. Rather than addressing
each condition with a separate intervention,
the spontaneous breathing approach provided
a unified solution by eliminating dynamic hy-

perinflation and auto-PEEP by allowing the pa-
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tient to self-regulate expiratory time, reduced
exposure to high airway pressures, which the-
oretically may reduce the risk of barotrauma,
protecting the tracheal diverticulum from posi-
tive-pressure injury, maintaining physiological
mucociliary clearance, avoiding intrathoracic
pressure increases that would further compro-
mise venous return in a hypotensive patient,
and finally eliminating the need for NMBAs,
avoiding histamine release and residual paral-
ysis [29].

This strategy required accepting a lighter plane
of anesthesia (propofol 60 pg/kg/min, at the
low end of the TIVA maintenance range) and
relying on the co-analgesic effects of lidocaine
and fentanyl to maintain patient comfort [16].
The success of this approach depended on the
patient maintaining adequate respiratory effort
throughout, a risk that was accepted as prefera-
ble to the dangers of PPV.

Limitations and Recommendations

Several limitations warrant discussion:

1. Fiberoptic bronchoscopy was unavailable.
Current evidence recommends FOB-guided in-
tubation in known TD to map the diverticular
orifice and confirm cuff positioning. This rep-
resents a significant resource limitation in our
setting. We recommend that institutions with
known TD cases arrange FOB access preoper-
atively [28].
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serve from emphysema and infection [21].
Consequences If Standard Anesthetic Protocols
Were Applied

Had this patient been managed with a standard
anesthetic protocol, the following complica-

tions were foreseeable:

From emphysema under standard PPV:

1. Dynamic hyperinflation and cardiovascular
collapse. In patients with severe emphysema or
COPD, use of conventional tidal volumes and
respiratory rates can promote dynamic hyper-
inflation and auto-PEEP, raising intrathoracic
pressure, reducing venous return and cardiac
output, and predisposing to severe hypoten-
sion or pulseless electrical activity-like arrest
[1]. The treatment (disconnecting the ETT and
allowing prolonged passive exhalation) costs
critical time in an already hemodynamically
unstable patient.

2. Tension pneumothorax. Mechanical ventila-
tion is associated with barotrauma, including
pneumothorax, in approximately 4-15% of
critically ill patients, and the presence of bul-
lous or emphysematous lung disease further
increases this risk [2]. In contrast, patients with
paraseptal emphysema and subpleural bullae
who are breathing spontaneously are at risk of
spontaneous pneumothorax, but the additional
barotrauma risk conferred by modest positive

airway pressures in non-ventilated states is be-
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lieved to be much lower, though not precisely
quantified in the literature [7].

3. Worsened V/Q mismatch. PPV redistributes
ventilation away from dependent lung zones,
increasing dead space in an already emphy-
sematous lung and worsening hypoxemia [9].
From bronchogenic infection under standard
induction:

4. Severe bronchospasm. Use of histamine-re-
leasing agents (morphine for analgesia, atra-
curium for relaxation) combined with airway
instrumentation in the setting of active infec-
tion-induced bronchial hyperreactivity could
trigger refractory bronchospasm. In emphy-
sematous airways, bronchospasm is difficult to
treat (reduced drug delivery to distal airways)
and rapidly causes dangerous air trapping [17,
21].

5. Sputum plugging and atelectasis. Standard
PPV without adequate bronchial toilet can drive
infected secretions deeper into the bronchial
tree or cause mucus plugging of already-nar-
rowed airways [25].

From tracheal diverticulum under standard in-
tubation:

6. ETT misplacement or cuff leak. Blind intu-
bation without awareness of the TD carries a
high risk of tube or cuff malpositioning at the
diverticular orifice [15].

7. Diverticular perforation. Use of a stylet,

forceful intubation, or positive-pressure ven-
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expiratory central airway collapse and tracheal

wall weakening [9].

Active bronchogenic infection amplifies the em-
physema risk. Tree-in-bud opacities indicate
active small airway infection that produces
bronchial hyperreactivity persisting for weeks
[6]. The incidence of perioperative broncho-
spasm 1is approximately 0.2% in the general
population but rises dramatically in patients
with active respiratory infection, COPD, and
airway instrumentation which all were present
in this patient [5]. In emphysematous lungs,
bronchospasm is particularly dangerous be-
cause it further prolongs expiratory time con-
stants, worsens air trapping, and can convert
mild dynamic hyperinflation into hemodynam-
ic collapse. The infection also produces copi-
ous secretions that can plug already-narrowed
emphysematous airways, causing acute lobar

or segmental collapse [5].

Soft tissue emphysema signals urgency. The
gas within the shoulder soft tissues raised the
differential of gas-forming organism infection
(clostridial or mixed anaerobic). Combined
with the markedly elevated WBC (32.8k with
left shift), tachycardia (120/min), hypotension
(90/60 mmHg), and acute kidney injury (cre-
atinine 2.2), the clinical picture was consistent

with sepsis or severe systemic inflammatory
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response. This demanded urgent surgical in-
tervention so drainage could not be delayed
for prolonged respiratory optimization, there-
by compressing the time available for preop-
erative preparation and forcing the anesthetic
team to manage all risks simultaneously under

emergency conditions [11].

Tracheal diverticulum adds a unique airway
hazard. The 13 % 12 mm diverticulum with a
6 mm neck orifice presented risks of ETT mis-
placement, cuff leak from herniation into the
diverticular orifice, and perforation under pos-
itive pressure [15]. In our patient, the diver-
ticular perforation risk was amplified by two
factors: (a) the bronchial hyperreactivity from
active infection could provoke forceful cough-
ing against the ETT, generating high intratra-
cheal pressures directed against the thin diver-
ticular wall [25]; and (b) the emphysema that
caused the diverticulum in the first place indi-
cates weakened tracheal wall integrity, making

perforation more likely at lower pressures [15].

Opioid dependence narrows the therapeutic
window. Chronic opium tolerance required
adequate opioid dosing to prevent withdrawal
(which would cause dangerous tachycardia and
hypertension in an already unstable patient)
while avoiding excessive respiratory depres-

sion in a patient with minimal respiratory re-

Journal of Iranian Society of
Anaesthesiology & Intensive Care



JISAIC / 46th Years, No. 128, 2nd Course, Vol. 2, No. 4, Winter 2025

The open reduction of the dislocated shoulder,
drainage of the infectious collection, and irri-
gation with sterile saline, lasted 95 minutes.
No intraoperative complications occurred. Vi-
tal signs remained stable. SpO: was maintained
throughout. No episodes of bronchospasm, de-
saturation, cuff leak, or hemodynamic instabil-
ity were observed.

The patient was extubated in the operating
room upon return of adequate consciousness
and protective airway reflexes. The decision to
extubate in the OR was deliberate: given the
tracheal diverticulum, emphysema, and active
infection, the team prioritized extubation under
controlled conditions with immediate access
to difficult airway equipment and re-intuba-
tion capability, rather than risking unmonitored
complications during transport or in a ward set-
ting without equivalent airway expertise.
Post operation, the patient was transferred to the
surgical ward. Intravenous antibiotics (mero-
penem and vancomycin) were administered.
No postoperative respiratory complications
were observed. The patient was subsequently
discharged but, being homeless and without

health insurance, did not return for follow-up.

Discussion

A Multiplicative Rather Than Additive Risk
Profile

This case is notable not for any single patho-
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logical finding, but for the underreported and
challenging convergence of conditions that
each independently pose significant anesthetic
challenges and together create compounding,
synergistic risk. Each condition amplifies the
dangers posed by the others in a manner that is

multiplicative rather than merely additive.

Emphysema amplifies every other risk. The bi-
lateral centriacinar and paraseptal emphysema
is the pathological substrate upon which all
other risks are built. The emphysematous lung
is intolerant of PPV (dynamic hyperinflation,
pneumothorax), intolerant of bronchospasm
(already narrowed airways cannot compen-
sate), intolerant of secretion loading (sputum
plugging in already-obstructed airways), and
intolerant of respiratory depressants (margin-
al reserve leaves no safety margin) [25]. The
paraseptal component specifically creates sub-
pleural bullae that are vulnerable to rupture at
lower pressures than centriacinar disease alone
[8]. Furthermore, the emphysema is itself
the likely cause of the tracheal diverticulum,
chronic cough and elevated intraluminal pres-
sures from obstructive disease cause progres-
sive mucosal herniation through the weakened
membranous tracheal wall [8]. The two condi-
tions are pathogenetically linked, and the find-
ing of paraseptal emphysema adjacent to the

trachea has been specifically associated with
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PPV that risk bullae rupture and pneumothorax
which is a particularly critical concern given
the paraseptal emphysema distribution [29].

* Tracheal diverticulum: Physiological airway
pressures during spontaneous breathing (typ-
ically -5 to -8 cmH20 on inspiration) are far
lower than PPV pressures (+15 to +30 cmH20),
dramatically reducing the risk of diverticular
expansion, herniation, or perforation [29].

* Bronchogenic infection: Spontaneous breath-
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ing maintains the patient’s own mucociliary
clearance mechanisms more effectively than
PPV and avoids ventilator-associated dissem-
ination of infected material to uninvolved lung
segments [29].

* Hemodynamic stability: Spontaneous breath-
ing avoids the intrathoracic pressure increases
of PPV that reduce venous return, which is crit-
ical in a hypotensive, probably septic patient
[29].

Agents deliberately avoided:

Reason for Avoidance

Diffuses into closed air spaces 34 x faster than
nitrogen exits; would expand emphysematous
bullae — pneumothorax risk; would expand
tracheal diverticulum

Histamine release — bronchospasm in
emphysematous, hyperreactive airways [17]
Histamine-releasing NMBAs — bronchospasm;
also, NMB unnecessary with spontaneous
breathing strateqgy [17]

Avoided Agent
Nitrous oxide

Morphine

Atracurium / mivacurium

All NMBAs Spontaneous breathing strategy; residual
paralysis risk in compromised respiratory
reserve [18]

Thiopental Increases airway reactivity vs. propofol's
bronchodilatory profile [19]

Etomidate Not used, due to concern about adrenal

suppression and the possibility of severe
infection [20]

Precipitate acute withdrawal in opioid-
dependent patient [21]

Mixed agonist-antagonist
opioids (nalbuphine,
butorphanol, pentazocine)
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and tracheal diverticulum perforation. Existing
studies have shown that intravenous lidocaine
reduces airway response and drug requirements
during induction [16].

* Propofol 50 mg IV (0.83 mg/kg): deliberate-
ly reduced to approximately one-third of the
standard adult induction dose (2-2.5 mg/kg)
and below the recommended ASA III/IV dose
of 1-1.5 mg/kg. This reduction was mandated
by (a) hemodynamic instability with proba-
ble sepsis, as propofol causes dose-dependent
vasodilation and myocardial depression that
can be catastrophic in hypotensive patients;
(b) the need to preserve spontaneous ventila-
tion, requiring avoidance of deep apnea; and
(c) synergy with co-induction agents reducing
the necessary dose. Propofol was selected over
thiopental due to its superior airway profile, it
suppresses airway reflexes and has bronchodi-
latory properties, whereas thiopental increases
airway reactivity [19].

* Fentanyl 100 pg IV (1.67 pg/kg) chosen spe-
cifically because it does not cause clinically
significant histamine release, unlike morphine,
which triggers mast cell degranulation and can
provoke bronchospasm. In a patient with bilat-
eral emphysema and bronchial hyperreactiv-
ity from active infection, histamine-mediated
bronchospasm could be life-threatening. The
dose accounts for chronic opioid tolerance [17].

Intubation: Direct video laryngoscopy was
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performed. Fiberoptic bronchoscopy was not
available at our institution. The Cormack-Le-
hane view was grade 1. A size 8.0 endotrache-
al tube was placed and secured with a tie. No
stylet was used to minimize risk of diverticular
perforation. No neuromuscular blocking agent
was administered at any point. Neuromuscu-
lar blocking agents with a higher likelihood of
histamine release, such as atracurium or miva-
curium, were avoided; this also eliminated the
risk of residual postoperative neuromuscular
blockade in a patient with marginal respiratory
reserve.
Maintenance: Total intravenous anesthesia
(TIVA) with propofol infusion at 60 pg/kg/min
(equivalent to 3.6 mg/kg/h). Due to the patient’s
condition, a maintenance dose at the low end of
the range used in TIVA was selected, and the
depth of anesthesia was titrated according to
the patient’s clinical status. This dosing strat-
egy was the key to enabling the cornerstone of
the entire anesthetic plan, to help the patient
maintain spontaneous breathing throughout the
entire procedure. This decision simultaneously
addressed the risks of all major coexisting con-
ditions:

* Emphysema: Spontaneous breathing elim-
inates the risk of dynamic hyperinflation, au-
to-PEEP, and breath stacking, because the pa-
tient self-regulates their own expiratory time.

It avoids the high peak airway pressures of
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Preoperative Anesthetic Risk Assessment
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The anesthetic team identified the following converging high-risk conditions, each with indepen-

dent and synergistic implications for airway management and ventilation:

Condition

Primary Anesthetic Risk

Synergistic Interaction

Centriacinar emphysema

Dynamic hyperinflation, auto-PEEP,
cardiovascular collapse under PPV [4]

Compounds bronchospasm risk
from infection; worsens V/Q
mismatch under GA

Paraseptal emphysema
under PPV

Pneumothorax from bullae rupture

Risk amplified by any positive
airway pressure; further amplified
if N,O used

Active bronchogenic
infection (TIB)

Bronchial hyperreactivity,
bronchospasm, sputum plugging,
postop pneumonia [6]

Compounds bronchospasm risk
from intubation in emphysema;
worsens secretion management

Soft tissue emphysema
(shoulder)

Possible gas-forming infection —
septic hemodynamic instability

Limits time for optimization;
demands urgent surgery despite
pulmonary risks

Tracheal diverticulum
(13x12 mm)

ETT misplacement, cuff leak,
diverticular perforation [13]

Perforation risk compounded by
coughing from bronchial
hyperreactivity; worsened by PPV

Chronic opioid dependence

agents [21]

Tolerance (higher dose requirement),
withdrawal risk, contraindicated

Respiratory depression synergy
with anesthetic agents in patient
with marginal reserve

Hemodynamic instability (BP

90/60, HR 120, WBC 32.8k) [27]

Cardiovascular collapse on induction

Standard induction doses
dangerous; limits drug choices

Anesthetic Management

No preoperative bronchodilator therapy was
administered. Prophylactic antibiotics (ce-
fazolin 1 g IV) were given preoperatively, with
a repeat dose during surgery.

Induction: The following agents were adminis-
tered sequentially:

* Midazolam 1 mg IV (0.017 mg/kg), a mini-
mal anxiolytic dose to reduce agitation without

meaningful respiratory depression. Full seda-

tion doses of benzodiazepines were avoided
due to their propensity to depress hypoxic and
hypercapnic ventilatory drive in COPD pa-
tients.

* Lidocaine 100 mg IV (1.67 mg/kg), to blunt
laryngoscopic stimulation and suppress the
cough reflex during intubation. In emphysema,
coughing against the endotracheal tube gener-
ates markedly elevated intratracheal pressures

that risk both bullae rupture (pneumothorax)
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Figure 1. Pulmonary CT scan depicting bullous formation, bilateral centriacinar and
paraseptal emphysema (a) coronal view; (b)axial view
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Figure 2. Pulmonary CT scan depicting (a) Bilateral nodular opacities with a tree-in-bud pattern,
(b) tracheomegaly, and (c) tracheal diverticulum
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the overlying skin but no visible open wound.
The left shoulder appeared deformed with the
humeral head displaced anteriorly and was
markedly tender to palpation, consistent with
an anterior shoulder dislocation. The patient re-
ported a history of a street fight but was unable
to recall the exact timing, estimating the injury

occurred approximately 1-2 weeks earlier.

Diagnostic Workup

Laboratory investigations revealed a markedly
elevated white blood cell count of 32.8 x 10%/
puL with neutrophilia (neutrophils 88%, bands
2%, lymphocytes 10%), hemoglobin 9 g/dL,
mean corpuscular volume 75.6 fL (microcytic
anemia), blood urea nitrogen 98 mg/dL, creat-
inine 2.2 mg/dL (acute kidney injury), creatine
phosphokinase 67 U/L, and CK-MB 9 U/L.
Ultrasound of the left shoulder and axillary re-
gion demonstrated a heterogeneous hypoecho-
ic mass with poorly defined borders measuring
approximately 44 x 15 x 42 mm with an esti-
mated volume of 15 cc and partial liquefaction,
along with associated soft tissue inflammation,
fat stranding, and a fluid tract within the soft
tissues, consistent with an organized abscess.
Ultrasound of the left forearm and hand showed
no definite abscess or focal fluid collection, but
inflammatory changes including fat stranding,
increased echogenicity, and interstitial fluid

were present, suggesting spreading soft tissue
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infection.

Non-contrast chest CT (5-mm axial sections),
performed prior to anesthesiology clearance,
revealed:

1. Bullous formation in addition to bilateral
centriacinar and paraseptal emphysema, indi-
cating significant underlying obstructive lung
disease with loss of alveolar architecture in
both the central and peripheral acinar zones.
The paraseptal component carried specific
risks of subpleural bullae formation and pneu-
mothorax (Figure 1).

2. Bilateral nodular opacities with a tree-in-bud
pattern, more prominent in the lung bases, the
radiological hallmark of endobronchial (bron-
chogenic) spread of infection, indicating active
infectious material impacting the small airways
(Figure 2b).

3. Tracheal enlargement (tracheomegaly), as-
sociated with chronic obstructive lung disease
(Figure Ic).

4. A tracheal diverticulum measuring approxi-
mately 13 x 12 mm, an acquired outpouching
likely related to the underlying emphysema and
chronic elevated intraluminal pressures (Figure
1d).
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common than congenital and arise from muco-
sal herniation through weakened posterior tra-
cheal wall areas lacking cartilaginous support
[15]. The prevalence is approximately 1- 5.7%
on thoracic CT, with most being asymptom-
atic and incidentally discovered [12]. Impor-
tantly, acquired TD is pathogenetically linked
to COPD and emphysema: chronic cough and
elevated intraluminal pressures cause progres-
sive herniation. Copeland et al. (2018) demon-
strated that paraseptal emphysema adjacent to
the trachea is specifically associated with expi-
ratory central airway collapse, suggesting that
peritracheal emphysema weakens the tracheal
wall and may predispose to diverticulum for-
mation [9].

A systematic literature review identified only
11 published cases of adults with TD who ex-
perienced intubation-related complications,
including ETT misplacement into the divertic-
ulum, ventilation failure from cuff herniation,
cuff leak, and diverticular perforation causing
pneumothorax, pneumomediastinum, or pneu-
moperitoneum. The preoperative detection rate
is only 18.2%, and among undiagnosed cases,
27% experienced two or more intubation fail-

ures with a 100% complication rate [14].

Chronic Opioid Dependence

Chronic opioid therapy leads to pharmacologic

tolerance and physical dependence, often ne-
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cessitating substantially higher opioid and an-
esthetic doses for equivalent analgesia, while
increasing the risk of respiratory depression in
patients with compromised baseline respiratory
function. In opioid-dependent patients, the use
of partial or mixed agonist-antagonist opioids
may increase the risk of withdrawal symptoms

and should be administered with caution [21].

Case Presentation

Patient Information

A 54-year-old man with an unclear medical his-
tory and limited access to healthcare (weight
60 kg) was brought to the emergency depart-
ment with progressive dyspnea and chest pain.
He was agitated and intermittently coopera-
tive during the initial evaluation. He reported
chronic opium use but could provide no further
medical history, including smoking history,

prior diagnoses, or medications.

Clinical Findings

On arrival, vital signs were: SpO2 90% on
room air, heart rate 120/min, and blood pres-
sure 90/60 mmHg. Serial electrocardiograms at
baseline, 30 minutes, and 60 minutes showed
no evidence of acute myocardial infarction,
and troponin was negative.

Examination of the left upper extremity revealed

edema of the shoulder and arm with erythema of
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compensate. Myles and Moloney (1994) de-
scribed the catastrophic cascade of pneumo-
thorax complicating bullous emphysema under
ancsthesia: massive air leak, mediastinal shift,
cardiovascular collapse, and subcutaneous em-

physema [2].

Ventilation-perfusion mismatch

General anesthesia can exacerbate changes in
pulmonary mechanics and ventilation-perfu-
sion (V/Q) mismatch in patients with emphyse-
ma. The emphysematous lung already has sig-
nificant dead space ventilation from destroyed
alveolar-capillary membranes, and general an-
esthesia compounds this by further reducing

the efficiency of gas exchange [10].

Active Bronchogenic Infection

The tree-in-bud (TIB) pattern on CT is char-
acterized by centrilobular nodular opacities
connected to linear branching structures, rep-
resenting impacted bronchioles filled with mu-
cus, pus, or infected material. This pattern is
the hallmark of endobronchial or bronchogenic
spread of infection and indicates active disease
within the small airways. Common etiologies
include bacterial pneumonia, mycobacterial in-
fection (tuberculosis and nontuberculous my-
cobacteria), and aspiration.

Active respiratory infection has several inde-
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pendent effects on anesthetic risk. First, in elec-
tive surgery, the presence of active respiratory
infection typically leads to postponement of the
procedure to optimize the patient; however, in
emergency situations, the risks and benefits of
immediate intervention must be balanced. Sec-
ond, active airway infection causes bronchial
hyperreactivity that persists for 2-4 weeks after
symptom resolution, significantly increasing
the risk of perioperative bronchospasm, which
1s already elevated in emphysematous patients.
The overall incidence of bronchospasm during
general anesthesia is approximately 0.2% [5],
but this rises dramatically in patients with ac-
tive respiratory infection, COPD, and airway
instrumentation. Third, endobronchial infec-
tion produces excessive secretions that can
cause sputum plugging, lobar collapse, and
ventilatory failure intraoperatively [6]. Fourth,
intubation bypasses the upper airway’s filtering
and humidifying functions, and combined with
pre-existing endobronchial infection, signifi-
cantly increases the risk of postoperative pneu-
monia and acute respiratory distress syndrome
(ARDS).

Tracheal Diverticulum

Tracheal diverticulum (TD) is a thin-walled
air sac arising from the tracheal wall, com-
municating with the tracheal lumen through a

neck of variable width. Acquired TDs are more
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Background
Pulmonary Emphysema: The Central Anes-
thetic Challenge

Emphysema is defined as the permanent, abnor-
mal enlargement of air spaces distal to the termi-
nal bronchiole, accompanied by destruction of
alveolar walls without obvious fibrosis. Based
on anatomical distribution within the acinus,
three principal forms are recognized: centriac-
inar (centrilobular), panacinar, and paraseptal
(distal acinar) emphysema. Centriacinar em-
physema, the most common form associated
with cigarette smoking, initially involves the re-
spiratory bronchioles with later acinar involve-
ment and predominantly affects the upper lobes.
Paraseptal emphysema occurs in areas adjacent
to fibrous septa or the pleura, and although air-
flow limitation may be mild, it is a recognized
cause of spontaneous pneumothorax due to the
formation of subpleural bullae [1, 2].

The anesthetic implications of emphysema are
profound and multidimensional. Emphysem-
atous lungs demonstrate increased airway re-
sistance from loss of radial traction, reduced
elastic recoil causing lung hyperinflation, and
prolonged expiratory time constants. During
mechanical ventilation, these pathophysiologi-

cal features create three critical hazards [3, 10]:

Dynamic hyperinflation and auto-PEEP. When

the ventilator delivers the next breath before
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the emphysematous lung has fully exhaled, re-
sidual gas is progressively trapped, a phenom-
enon termed dynamic hyperinflation or “breath
stacking”. The resulting auto-PEEP (intrinsic
PEEP) increases intrathoracic pressure, com-
presses the vena cava and right heart, reduces
venous return, and can precipitate cardiovas-
cular collapse mimicking pulseless electrical
activity (PEA) cardiac arrest. Auto-PEEP also
increases the work of breathing, as the patient
must overcome the trapped positive pressure
before inspiratory flow can begin. Marini
(2011) described auto-PEEP as capable of af-
fecting hemodynamics, predisposing to baro-
trauma, increasing work of breathing, causing
dyspnea, disrupting patient-ventilator synchro-
ny, and confusing hemodynamic monitoring
[1, 4, 11].

Pneumothorax from bullae rupture. Parasep-
tal emphysema and bullous changes create
thin-walled air-filled spaces that are vulnera-
ble to rupture under positive-pressure ventila-
tion (PPV). The exact incidence of mechanical
ventilation-induced pneumothorax in patients
with bullous disease is not precisely known,
but the presence of large bullae is a recognized
risk factor for barotrauma and pneumothorax
under positive pressure [7, 8]. A tension pneu-
mothorax in this context is rapidly fatal, as the

already-hyperinflated, gas-trapped lung cannot
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I Abstract

A 54-year-old homeless man with chronic opium use presented with dyspnea, chest pain, and a
neglected anterior shoulder dislocation complicated by a soft tissue abscess and subcutaneous
emphysema. Chest CT revealed bilateral centriacinar and paraseptal emphysema, tree-in-bud
opacities consistent with endobronchial infection, tracheal enlargement, and a tracheal diver-
ticulum measuring 13 x 12 mm. The coexistence of these conditions posed significant risks to
airway management, ventilation, and hemodynamic stability. To minimize exposure to the po-
tential risks of positive-pressure ventilation, preservation of spontaneous breathing was selected
as the anesthetic strategy. Induction used reduced doses of midazolam (1 mg), lidocaine (100
mg), propofol (50 mg), and fentanyl (100 ug), followed by low-dose propofol infusion (60 pg/
kg/min) for maintenance. No neuromuscular blocking agents or nitrous oxide were used. The
95-minute procedure proceeded uneventfully, with no complications occurring during anesthesia
and the short postoperative period, and the patient was extubated in the operating room. This case
illustrates the compounded anesthetic risks when multiple pulmonary and airway pathologies
converge and underscores the importance of individualized planning, careful review of imaging,
and maintenance of spontaneous breathing to avoid life-threatening complications such as bron-
chospasm, bullae rupture, or pneumothorax.

Keywords: Pulmonary Emphysema; Tracheal Diverticulum; Soft Tissue Infections; Opioid-Re-
lated Disorders; Anesthesia
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» Optimizing nutrition and preventing hemato-
poietic deficiencies;
* Using restrictive transfusion strategies within

the framework of established guidelines.

Discussion

The findings of this review show that, in addi-
tion to being clinically necessary, blood trans-
fusion in preterm infants is associated with a
range of physiological, technical, and manage-
rial challenges. Due to low blood volume and
immature organ function, preterm infants are
more sensitive to volume changes and meta-
bolic disturbances than other age groups.
Recent studies on restrictive versus liberal
transfusion thresholds have shown that deci-
sion-making should be based on a combination
of hemoglobin level, postnatal age, respirato-
ry support, hemodynamic status, and clinical
signs. Therefore, relying on a single fixed num-
ber for all infants is not appropriate.

One important issue is the potential associa-
tion between blood transfusion and necrotiz-
ing enterocolitis. Although some observational
studies have reported this association, the re-
sults are not consistent across all studies, and
a definitive causal relationship has not been
established. For this reason, high-risk infants
require close monitoring and individualized
decision-making.

Human errors in patient identification, sample

UL
%

and product matching, and infusion volume cal-

&
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culation are preventable risks. The use of bar-
coding, standardized checklists, and indepen-
dent double-checking can reduce these errors.
Furthermore, reducing unnecessary blood
sampling, using low-volume equipment, and
planning to reduce the number of donors are
effective strategies for reducing the infant’s
exposure to blood products. Successful imple-
mentation of these measures requires interdis-

ciplinary collaboration and managerial support.

Conclusion

Blood transfusion in preterm infants is one of
the vital interventions in the NICU, but in the
absence of careful management, it can be as-
sociated with significant complications. The
main challenges include the infant’s sensitiv-
ity to volume changes, metabolic disturbanc-
es, 1dentification and administration errors, the
lack of standardized protocols, and the poten-
tial for short- and long-term complications.

The use of evidence-based thresholds, imple-
mentation of standardized protocols and check-
lists, continuous staff training, safety technol-
ogies, close monitoring, and blood-sampling
reduction strategies can improve patient safety
and reduce the need for blood transfusion. Safe
and systematic management of blood transfu-
sion is a clinical and ethical necessity in the

care of preterm infants.
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3. Potential Complications of Blood
Transfusion

 Transfusion-associated circulatory overload
(TACO);

 Transfusion-related acute lung injury (TRA-
LI);

» Febrile, allergic, and hemolytic reactions;

* Electrolyte and metabolic disturbances;

* Potentially increased risk of necrotizing en-
terocolitis in certain high-risk groups;

* Possible association with outcomes such as
intraventricular hemorrhage, retinopathy of
prematurity, and neurodevelopmental disor-

ders, which still require further investigation.

B) Strategies for Improving Patient
Safety

1. Technological Strategies

» Implementation of a barcoding system for
identifying the patient, sample, and blood
product;

* Use of high-precision infusion pumps to con-
trol transfusion volume and rate;

» Electronic recording of checklists, transfu-
sion times, and vital signs;

» Use of alert systems for dose, rate, and match-

Ingerrors.

2. Protocol and Standardization Strategies

* Development and implementation of evi-

n——
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dence-based guidelines for indications and he-
moglobin thresholds;

» Implementation of a safety checklist before,
during, and after blood transfusion;

* Precise determination of infusion volume
and rate based on the infant’s weight and clin-
ical status;

* Regular monitoring of vital signs, respiratory
status, and signs of transfusion reactions;

* Limiting exposure to multiple donors when-

ever possible.

3. Educational and Team-Based Strategies

* Continuous training of NICU staff on the
principles of safe blood transfusion;

* Conducting drills and simulations to identify
and manage acute complications;

» Strengthening collaboration among neona-
tologists, nurses, anesthesiologists, blood bank
staff, and clinical pharmacists;

* Reporting and analyzing errors and near-miss-

esthrough an organizational learning approach.

4. Strategies to Reduce the Need for Blood
Transfusion

* Reducing the volume and frequency of diag-
nostic blood draws;

* Using low-volume tubes and micro-laborato-
ry methods;

 Considering the targeted use of erythropoietin

and iron supplements based on clinical status;

Journal of Iranian Society of
Anaesthesiology & Intensive Care



Inclusion Criteria

* Studies focused on preterm infants with a ges-
tational age of less than 37 weeks;

« Studies related to blood transfusion challeng-
es or safety improvement strategies;

* Clinical trials, observational studies, clinical
guidelines, and credible reviews;

* Articles published in Persian or English;

* Articles with full text available.

Exclusion Criteria
* Animal studies;

 Case reports with limited data;

 Studies without full text available;

» Studies unrelated to preterm infants or the
NICU setting;

* Duplicate sources.

Data Extraction and Analysis

Information from the selected studies was ex-
tracted in a structured manner and categorized
based on the type of challenge, reported com-
plications, and safety improvement strategies.
Data analysis was conducted qualitatively, us-

ing a descriptive-analytical approach.

Results

Of the 125 articles retrieved, 45 met the inclu-
sion criteria. The findings were classified into

two main sections: challenges of blood trans-
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fusion in preterm infants and strategies for im-

proving patient safety.

A) Challenges of Blood Transfusion in
Preterm Infants

1. Physiological Challenges

* High sensitivity of the preterm infant to
changes in intravascular volume and the risk of
volume overload;

* Immaturity of liver and kidney function and
increased likelihood of disturbances such as
hyperkalemia and hypocalcemia;

* Immaturity of the immune system and in-
creased risk of inflammatory and infectious re-
actions;

* Low blood volume and the potential signifi-
cant effect of repeated blood sampling on caus-

ing or worsening anemia.

2. Technical and Managerial Challenges

* Errors in patient identification, sample label-
ing, and blood product matching;

» Absence or inconsistent implementation of
evidence-based protocols for determining
transfusion indications;

» Limited access to blood products suitable for
infants;

* Risk of error in calculating infusion volume
and rate due to the infant’s low weight;

* Potential exposure of the infant to multiple

donors through repeated transfusions.

Journal of Iranian Society of
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Introduction

Due to hemodynamic instability, limited blood
volume, shorter red blood cell lifespan, and a
high prevalence of anemia, preterm infants are
among the most common recipients of blood
products in the NICU. Although blood transfu-
sion is considered a vital, life-saving interven-
tion in many cases, it can be associated with
short-term and long-term consequences.
Among the most important potential compli-
cations of blood transfusion in this group are
volume overload, electrolyte and metabolic dis-
turbances, inflammatory reactions, infection,
transfusion-related acute lung injury, necrotiz-
ing enterocolitis, intraventricular hemorrhage,
and adverse neurodevelopmental outcomes.
However, the severity and certainty of the as-
sociation between some of these outcomes and
blood transfusion have not been reported con-
sistently across all studies.

Selecting the appropriate indication, deter-
mining the hemoglobin threshold based on
evidence and clinical status, closely monitor-
ing the infant, training the treatment team, and
standardizing protocols are among the most im-
portant strategies for reducing complications.
The use of alternative strategies, such as reduc-
ing unnecessary blood sampling, targeted use
of erythropoietin, and appropriate management
of blood products, can also reduce the need for

blood transfusion.

Challenges of Blood Transfusion in Preterm Infants and Strategies to Enhance Patient Safety in the NICU
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Given the high vulnerability of preterm infants
and the potential for error at the stages of pa-
tient identification, sampling, preparation, and
administration of blood products, a multifacet-
ed, interdisciplinary approach is essential for
improving transfusion safety in the NICU. The
aim of this study was to review the main chal-
lenges of blood transfusion in preterm infants
and to present practical strategies for enhanc-

ing patient safety.

Methods
Study Design

This study was conducted as a narrative review
of published studies on blood transfusion in

preterm infants hospitalized in the NICU.

Data Sources and Search Strategy

Sources were searched in the PubMed, Scopus,
ScienceDirect, Google Scholar, and SID da-
tabases. Studies published between 2010 and
2024 were considered.

The Persian and English keywords used in-
cluded the following:

* Blood transfusion in preterm infants

Patient safety in the NICU

* Transfusion-related complications

NICU transfusion protocols

Necrotizing enterocolitis

Hemoglobin transfusion thresholds

Journal of Iranian Society of
Anaesthesiology & Intensive Care



Challenges of Blood Transfusion in Preterm Infants and
Strategies to Enhance Patient Safety in the NICU

Anesthesia Technologist, Taleghani Hospital
Master>s Student in Neonatal Intensive Care, Tehran University of Medical Sciences

I Abstract

Background and Aim: Due to hemodynamic instability, limited blood volume, and a high prev-
alence of anemia, preterm infants are among the most important recipients of blood products in
the neonatal intensive care unit (NICU). Despite the necessity of blood transfusion in this group,
evidence indicates that this intervention can be associated with adverse outcomes, including
necrotizing enterocolitis, nosocomial infections, volume overload, and metabolic disturbances.
This study aimed to review the challenges of blood transfusion in preterm infants and to examine
strategies for enhancing patient safety in the NICU.

Methods: This study was conducted as a narrative review. Articles related to blood transfusion in
preterm infants, its potential complications, and patient safety improvement interventions were
searched in the PubMed, Scopus, ScienceDirect, Google Scholar, and SID databases. Studies
published between 2010 and 2024 that met the inclusion criteria were reviewed and qualitatively
analyzed.

Results: Of the 125 articles retrieved, 45 met the inclusion criteria. The findings showed that
correctly selecting transfusion indications, using evidence-based hemoglobin thresholds, closely
monitoring patients before, during, and after transfusion, training the treatment team, implement-
ing standardized protocols, and employing technologies such as barcoding and precision infusion
pumps are among the most important factors in reducing complications. In addition, reducing
unnecessary blood sampling, targeted use of erythropoietin, and limiting the infant’s exposure to
multiple donors can reduce the need for blood transfusion.

Conclusion: Blood transfusion in preterm infants is a vital but high-risk intervention. Evi-
dence-based management, standardization of processes, continuous staff training, close monitor-
ing, and interdisciplinary collaboration can increase patient safety, reduce the need for transfu-
sion, and improve infants’ growth and developmental outcomes.

Keywords: Preterm infant; Blood transfusion; Neonatal intensive care unit; Patient safety; Trans-
fusion complications; Necrotizing enterocolitis
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traoperative and postoperative complications. this study showed that, although both agents
The findings of this study showed that sevoflu- caused a decrease in blood pressure, sevoflu-
rane may be a safer option for maintaining he- rane performed better in maintaining hemody-
modynamic stability in this group of patients. namic stability. This finding may be useful in
clinical decision-making regarding the choice
of anesthetic agent in high-risk patients. Fur-

Conclusion

) o . ) ther studies with larger sample sizes and multi-
Given the sensitivity of hepatobiliary patients _
) ) center designs are recommended.
to blood pressure fluctuations, the selection

of an appropriate anesthetic agent plays an
important role in reducing intraoperative and Conflict of Interest

postoperative complications. The findings of The authors declared no conflict of interest.
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after anesthesia, sevoflurane and isoflurane
had no effect on diastolic blood pressure, but
a significant effect was observed at 15 minutes
and 1 hour after anesthesia. They showed that
both sevoflurane and isoflurane were success-
ful in reducing blood pressure (9). In our study
as well, the greatest reduction in systolic blood
pressure with isoflurane and sevoflurane oc-
curred in the first 60 minutes, and the greatest
reduction in diastolic blood pressure occurred
after the first 60 minutes, although the reduc-
tion continued steadily thereafter.

Another study showed that the drop in blood
pressure was smaller in the sevoflurane group
compared with the isoflurane group (12). On
the other hand, Tarnow observed hemodynam-
ic changes with isoflurane and concluded that
isoflurane was associated with a greater de-
crease in arterial pressure and myocardial ox-
ygen consumption (13). Frink also compared
sevoflurane and isoflurane and concluded that
baseline systolic arterial pressure was higher
with sevoflurane than with isoflurane (14). In
another study, Hama et al. showed no signifi-
cant difference between the inhalational agent
(sevoflurane vs. isoflurane) and hemodynamic
status (heart rate and mean arterial pressure)
at different time points (5). In a comparison
of the effect of combined sevoflurane—propo-
fol anesthesia on hemodynamics and pain in

elderly patients undergoing radical surgery for
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malignant tumors, results showed that sevoflu-
rane combined with propofol anesthesia was
more effective than propofol anesthesia alone
in elderly patients undergoing radical surgery
for malignant tumors. This combination better
attenuated stress responses, maintained hemo-
dynamic stability, improved postoperative pain
and cognitive function, and did not increase
the risk of adverse effects (10). In recent years,
sevoflurane, as a volatile anesthetic agent,
has attracted increasing attention in anesthet-
ic practice due to its mild anesthetic effects
and better stability (15). Sevoflurane can re-
duce intraoperative hemodynamic fluctuations
through its unique vasodilatory effects and al-
lows for precise control of anesthetic depth.
Accordingly, studies have suggested combin-
ing sevoflurane with propofol to optimize anes-
thetic effects through complementary drug in-
teractions (16, 17). Although it has been shown
that sevoflurane-induced hypotension may lead
to cognitive impairment and hippocampal in-
flammation (7), based on the findings of previ-
ous studies and the findings of our own study,
although sevoflurane provides better hemody-
namic stability, it is associated with a higher
cost compared with other anesthetic agents
such as propofol (18). Given the sensitivity of
hepatobiliary patients to blood pressure fluctu-
ations, the selection of an appropriate anesthet-

ic agent plays an important role in reducing in-
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(p = 0.0001). The between-group test indicat-
ed a significant difference in the magnitude of
systolic pressure reduction between the two
groups (p = 0.01), with a greater decrease re-
ported in the isoflurane group compared to the

sevoflurane group. Regarding diastolic blood

roup 10004
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pressure, both groups experienced a significant
decrease over time (p = 0.0001). However, the
between-group comparison showed no statisti-
cally significant difference in the magnitude of
diastolic pressure reduction between the two

groups (p = 0.84).

. - 1
group wel group
soAsmne BoAsme
sevatrane sevofirane

uuuuu
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Mean arterial pressure

Time Time
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Figure 1. Comparison of mean arterial, systolic, and diastolic blood pressure during surgery between the
two study groups.

Discussion

This study aimed to investigate the differences
in the pharmacological effects of isoflurane and
sevoflurane in maintaining MAP in hepatobili-
ary patients. The results of this study showed
that both isoflurane and sevoflurane led to a
significant decrease in blood pressure (arteri-
al, systolic, and diastolic) during hepatobiliary
surgery. However, the magnitude of the blood
pressure decrease was significantly greater in
the isoflurane group than in the sevoflurane
group, particularly in MAP and systolic pres-
sure. Several studies have examined the effects

of these two agents, which are discussed below.

Contrary to the findings of the present study,
Makwana et al. showed in their study that,
compared with isoflurane, sevoflurane demon-
strated advantages in terms of faster recovery,
smoother restoration of airway reflexes, and
faster postoperative recovery. Nevertheless,
the differences observed in hemodynamic pa-
rameters, including MAP, highlight the impor-
tance of individualized anesthesia management
to ensure optimal patient care (11). Arisandi et
al. found that the inhalational anesthetic agents
sevoflurane and isoflurane affect changes in sys-
tolic blood pressure at 5 minutes, 15 minutes,

and 60 minutes after anesthesia. At 5 minutes

Journal of Iranian Society of
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square test or Fisher’s exact test was used to
compare qualitative variables between groups.
The normality of the distribution of quantita-
tive variables was assessed using the Kolmog-
orov-Smirnov test. When normal distribution
was confirmed, comparisons between groups
were performed using the independent sam-
ples t-test. To analyze changes in blood pres-
sure during surgery between the two groups, a
general linear model with a repeated-measures
design was used. All statistical analyses were
performed at a significance level of 0.05 and a
95% confidence interval. All statistical calcu-
lations were performed using SPSS software,

version 22.
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Results

In this study, 60 patients were evaluated, with
30 in the isoflurane group and 30 in the sevo-
flurane group. The mean age of patients was
40.18 + 14.22 years, and 46.7% were male. The
mean duration of surgery was longer in the iso-
flurane group than in the sevoflurane group, al-
though this difference was not statistically sig-
nificant (p > 0.05). No significant differences
were found between the two groups in terms of
age, sex, duration of surgery, body mass index,
or underlying diseases. It should be noted that,
due to the administration of norepinephrine in
all patients, the mean heart rate per minute also
did not differ significantly between the two
groups (p > 0.05) (Table 1).

Table 1. Comparison of demographic and clinical data of patients in each group.

Variable Total Isoflurane Sevoflurane P-value

Age (years) 40.18+14.22 36.86+14.72 43.5+13.1 0.07

Sex (male), n (%) 28 (46.7) 15 (50) 13 (43.3) 0.79

Duration of surgery (min) | 298.55+34.84 | 306.76+33.49 290.33+£34.76 0.06

Body mass index (Kg/m?) 24.53+3.49 24 A8+3 88 24.59+3.11 0.90

Underlying diseases, n (%) 29 (48.3) 17 (56.7) 12 (40) 0.30

Heart rate (beats/min) 78.85+8.19 77.06+£8.28 80.63+7.84 0.09
Results are presented as mean + standard deviation and number (percentage).

P < 0.05 was considered statistically significant.

Based on the data presented in Figure 1, both
groups independently showed a significant de-
crease in MAP over time (p = 0.0001). In addi-
tion, the between-group comparison showed a

significant difference in the magnitude of MAP

Bn—————————

reduction between the two groups (p = 0.03),
with the decrease being greater in the isoflurane
group than in the sevoflurane group. Results re-
lated to systolic blood pressure also showed a

significant decrease over time in both groups
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sion, were excluded from the study. Informed
consent was obtained from all participants pri-
or to the start of the study.

Randomization

In this study, patient randomization was per-
formed online via the website www.Random-
ization.com, and participants were allocated to
two groups receiving isoflurane or sevoflurane
anesthesia (30 patients per group) for surgery.
To minimize confounding factors, efforts were
made to standardize the two groups as close-
ly as possible in terms of preoperative factors,
induction method, duration of surgery, and de-
mographic and clinical parameters, including

age, sex, and history of underlying diseases.

Intervention

The medications used during the preoperative
and induction phases were identical in both
groups. In both groups, crystalloid fluids, in-
cluding normal saline and Ringer’s lactate, were
administered, and the following drugs were
used for induction of anesthesia: midazolam
0.05-0.1 mg/kg, fentanyl 3—5 pg/kg, propofol
1-2 mg/kg, atracurium 1.5-2 mg/kg, lidocaine
1.5 mg/kg, and norepinephrine 5-10 pg/kg. It
should be noted that fentanyl (as an analge-
sic), norepinephrine (to compensate for hypo-

tension), and atracurium (as a muscle relaxant)
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were re-administered every 30 to 40 minutes.

Outcomes

In this study, the primary outcome was the lev-
el of MAP during surgery. Secondary outcomes
included systolic and diastolic blood pressure
at various time points. Two methods were used
to measure blood pressure:

Non-invasive blood pressure (NIBP ): mea-
sured intermittently every 5 minutes using a
sphygmomanometer cuff.

Invasive blood pressure (IBP ): measured via
an arterial line and recorded continuously
throughout surgery.

In both methods, systolic, diastolic, and MAP
were measured and recorded. Systolic and dia-
stolic blood pressure were analyzed separately
at each time point, and MAP was evaluated as
an index of mean blood pressure. Finally, the
data obtained were statistically compared be-
tween the two groups.

In addition, systemic vascular resistance (SVR)
was calculated based on the plethysmography
variability index (PVI).

Statistical Analysis

In the descriptive section, quantitative vari-
ables were reported as mean + standard devia-
tion, and qualitative variables as frequency and

percentage. In the analytical section, the chi-
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A Comparative Study of the Effects of Isoflurane and Sevoflurane on Arterial Blood Pressure in Patients Undergoing

Hepatobiliary Surgery: A Single-Blind Clinical Trial

erative hypotension caused by the vasodilato-
ry effect of sevoflurane and the development
of perioperative neurocognitive disorders (7).
Another agent commonly used in anesthesia
is isoflurane. Isoflurane must be carefully ti-
trated according to the patient’s hemodynamic
status, as it can cause severe hypotension due
to dose-dependent peripheral vasodilation. Hy-
povolemic patients in particular may be sensi-
tive to these effects; otherwise, isoflurane has
no specific adverse effects (8). Sevoflurane
appears to provide more stable hemodynam-
ic performance than isoflurane. The prima-
ry concern in anesthesia is patient safety, of
which hemodynamic stability during anesthe-
sia is one component. The use of sevoflurane
and isoflurane anesthesia can alter the patient’s
hemodynamic status (9). According to the re-
sults of one study, during general anesthesia,
sevoflurane and isoflurane are anesthetic gases
with more stable effects on heart rate and mean
arterial pressure (5). Another study found that
sevoflurane combined with propofol anesthe-
sia was more effective than propofol anesthe-
sia alone in elderly patients undergoing radical
surgery for malignant tumors, providing better
attenuation of stress responses and maintaining
hemodynamic stability (10). Given the differ-
ences in the pharmacological profiles of iso-
flurane and sevoflurane in maintaining arterial

blood pressure, a comparative evaluation of
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these two agents in hepatobiliary patients may
help optimize the choice of anesthetic agent

and improve patient safety.

Materials and Methods
Study Design and Participants

In this randomized, single-blind clinical trial,
60 patients referred to Imam Khomeini Hospi-
tal Complex, Tehran, in 2024 (1403 SH), who
underwent hepatobiliary surgery, were evalu-
ated. The types of surgery included hepatecto-
my and resection of primary or metastatic liv-
er tumors. Ethical approval for this study was
obtained from the Ethics Committee of Teh-
ran University of Medical Sciences (code IR.
TUMS.IKHC.REC.1403.420), and the study
protocol was registered in the Iranian Registry
of Clinical Trials (IRCT) under the identifier
IRCT20230623058586N1.

Eligible patients aged 18 to 65 years, classified
as ASA 1II or III, were enrolled in the study.
Patients whose surgical or anesthetic plan
changed, those with mean arterial pressure
(MAP ) below 60 mmHg, those with cardio-
vascular or peripheral vascular disease (such as
diabetic vasculopathy or Raynaud’s disease),
those taking medications affecting the auto-
nomic nervous system (such as beta-blockers
or anticholinergic drugs), or those with a his-
tory of neurological or psychiatric disorders,

including substance abuse, anxiety, or depres-
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diastolic pressure, the between-group difference was not significant (p = 0.84). Based on the data
presented in Figure 1, both groups independently showed a significant decrease in MAP over
time (p = 0.0001).

Conclusion: The present study showed that both isoflurane and sevoflurane cause a considerable
reduction in systolic, diastolic, and mean arterial blood pressure in patients undergoing hepato-
biliary surgery, although the reduction in mean arterial pressure and systolic blood pressure was
greater with isoflurane than with sevoflurane. It is noteworthy that, although no hemodynamic
disturbances were observed in either group, sevoflurane provided greater cardiovascular stability
than isoflurane.

Keywords: Takotsubo cardiomyopathy; Stress-induced cardiomyopathy; Perioperative compli-
cation; Anesthesia; Intraoperative hypotension

Introduction dict thresholds for intraoperative hypotension

Liver surgeries have been associated with high (D= halatgencghetic agents

. . are used for surgical anesthesia and analgesia
rates of mortality and complications; however, & &

. . . 5).F than 50 hal ted inha-
recent advances in anesthesia and surgical man- L5 asToed inha

agement haveXighiEtly e o lational anesthetics have been associated with

. . 1 . th n )
the procedure. Management of patients, espe- idiosyncratic liver injury, with manifestations

. : .. . ¢ . ing fi tomatic elevati f ala-
cially in major liver surgeries, is challenging ransing irom asymptomatic cievation ot ala

‘qel - ine t i to fatal hepati ' Y
due to comorbidities, general debility, and the D Alia R neCigRi()

potential for severe bleeding (1). Hepatecto- After inhalation, anesthetic agents reach the al-
veoli and rapidly cross the alveolar membrane,
after which they are distributed by the blood-

stream to all perfused organs. During induction

my is of great importance in the treatment of
various primary and secondary liver tumors.

Despite improvements in perioperative man-

. . . f sthesia, it is 1 rtant t te that both
agement and surgical technique, mortality and S GRS S D SR PR LA LSS S

o . intravenous and inhalational anesthetics can
complication rates after hepatectomy remain at

approximately 2—4% and 20—45%, respectively
(2, 3). The main problem during liver resection
is bleeding (3). In clinical practice, anesthe-
siologists commonly rely on various factors,

including the dose of anesthetic drugs, to pre-

affect cardiovascular function, including their
effects on cardiac output, heart rate, or blood
pressure (5).

Sevoflurane is one of the newest halogenated
inhalational anesthetics (5), and studies have

shown a notable association between intraop-
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I Abstract

Introduction: Liver surgeries, especially hepatectomy, are associated with a high risk of bleed-
ing, mortality, and postoperative complications. Despite significant advances in surgical and an-
esthetic techniques, hemodynamic management of hepatobiliary patients remains challenging.
Inhalational anesthetic agents such as sevoflurane and isoflurane play an important role in main-
taining intraoperative blood pressure stability; however, differences in their pharmacological
profiles can affect patient safety and clinical outcomes. Therefore, a comparative evaluation of
these two agents regarding maintenance of mean arterial pressure (MAP) in patients undergoing
hepatobiliary surgery appears necessary.

Materials and Methods: In this randomized, single-blind clinical trial, 60 patients undergoing
hepatobiliary surgery were randomly assigned to two groups receiving sevoflurane or isoflurane.
Non-invasive blood pressure (NIBP) was measured every 5 minutes using a sphygmomanometer
cuff. Invasive blood pressure (IBP) was also continuously recorded throughout surgery via an
arterial line, and systolic, diastolic, and mean arterial pressure (MAP) values were recorded at
S5-minute intervals. At the end of surgery, systolic, diastolic, and MAP values and their changes
were analyzed and compared between the two groups.

Results: In this study, 60 patients were equally divided into the isoflurane and sevoflurane groups.
Baseline demographic and clinical characteristics, including age, sex, body mass index, duration
of surgery, and underlying diseases, did not differ significantly between the two groups. Both
groups showed a significant decrease over time in MAP, systolic, and diastolic pressure (p =
0.0001). However, the reduction in MAP and systolic pressure was significantly greater in the
isoflurane group than in the sevoflurane group (p = 0.03 and p = 0.01, respectively). Regarding
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their relatives’ medical condition, without be-
ing given unrealistic hope (17). In the present
study, understandable provision of information
to patients was associated with approximately
68% satisfaction.

Patients admitted to the ICU therefore experi-
ence numerous general, psychological, physi-
cal, and somatic problems. Identifying these
problems and planning interventions to reduce
them may contribute to improved recovery.
In another analysis, satisfaction with personnel
was divided into technical and communication
categories. Patient satisfaction with technical
performance was higher than satisfaction with
communication performance.

Mirzaei and colleagues noted that communica-
tion skills are among the most important char-
acteristics required of health-care personnel
(18,19). Effective communication can improve
vital signs, reduce pain and anxiety, increase
satisfaction, improve clinical outcomes, and
promote participation in treatment plans. Con-
versely, poor communication can contribute to
diagnostic errors, reduced patient participation,
and inadequate exchange of information be-
tween patients and health-care providers (20).
Their study reported that communication skills
among nursing students were unsatisfactory,
with the greatest weaknesses observed in ver-
bal and nonverbal communication and respect
for patients. Such deficiencies may prevent ef-
fective communication with patients.
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Conclusion

The questionnaire developed in this study
demonstrated acceptable validity and reliabil-
ity and can therefore be used in different set-
tings, including clinical environments and re-
search. Patients reported a relatively good level
of satisfaction across all assessed domains.

The most prominent problems reported by pa-
tients were excessive environmental noise, insuf-
ficient diagnostic and therapeutic explanations,
and inadequate emotional support from the
health-care team in the ICU. These issues re-
quire careful evaluation and practical solutions.
Multiple studies have emphasized the harmful
effects of hospital noise on patient recovery.
Appropriate planning and education of hospital
personnel, particularly ICU staff because of the
vulnerability and psychological sensitivity of
critically ill patients, may reduce dissatisfaction.
A suitable environment for recovery should
combine calm and quiet conditions with clear
explanations about the patient’s condition and
treatment process and an appropriate response
to distress and anxiety. Such measures may help
reduce discharge against medical advice, read-
mission, and incomplete recovery over time.
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cardiovascular disease and for pregnant wom-
en (11).

Golmohammadi emphasized that patient com-
fort during hospitalization is especially import-
ant. When harmful workplace factors exceed
permissible levels, employees may also be
affected, which can negatively influence the
quality of patient care. Appropriate measures
to reduce noise pollution should therefore be
considered a major priority (12).

Moftakhar and colleagues reported a 71%
satisfaction rate with care-related measures
in teaching hospitals in Ahvaz. In the present
study, satisfaction with care-related measures
exceeded 90%, indicating a high level of sat-
isfaction among patients in the ICU of Bagqi-
yatallah Hospital in Tehran (13). Shojaei and
colleagues reported an overall satisfaction
rate of 72% during treatment, including 78%
at Shahid Beheshti Hospital, 72% at Nekouei
Hospital, and 61.5% at Kamkar Hospital, all
of which were lower than in the present study
(14).

Sadin reported an 80% satisfaction rate with
care-related measures, which is broadly con-
sistent with the findings of the present study
(15). These results suggest that the quality of
health-care services provided in intensive care
settings in Iran may generally be associated
with high patient satisfaction.

Bahrami and colleagues evaluated patients
who underwent coronary artery bypass graft-
ing with respect to general, psychological,
physical, and somatic problems experienced in
the ICU (16). In the general domain, the most
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important causes of dissatisfaction were nu-
trition (8.6%) and restrictions on family visits
(4.9%). In the psychological domain, severe
thirst (64.2%) and insomnia (45.7%) were
prominent. In the physical domain, intubation
was reported, whereas back pain (72.8%) and
pain at the surgical site (31.1%) were reported
in the somatic domain.

The present study similarly assessed causes of
dissatisfaction from psychological and physi-
cal perspectives. In the psychological domain,
failure to maintain silence and acoustic comfort
by personnel and within the ICU environment
(29.5%) was the primary cause of dissatisfac-
tion. Bahrami and colleagues reported sleep-re-
lated problems in 45% of patients, which may
partly have been caused by inadequate silence
and acoustic comfort. The next most common
issue was insufficient staff response to patient
distress and emotional support (11.6%). Dis-
satisfaction with general staff behavior was ap-
proximately 4%. Restrictions on family visits,
identified in the Bahrami study, may also be
considered part of psychological and emotion-
al support and were broadly comparable with
the present results.

In the physical domain, dissatisfaction with the
quality and quantity of meals provided by the
hospital was highest (8.5%), similar to the re-
sults reported by Bahrami and colleagues (16).
Thomson and colleagues stated that informa-
tion and reassurance appear to be among the
greatest universal needs of family members
of critically 1ll patients. Families want timely,
clear, and understandable information about
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The questionnaire items were subsequently divided into technical and communication domains.

Cronbach’s alpha and the mean satisfaction score for each domain are shown in Table 3.

Table 3. Reliability and mean satisfaction scores for the technical and communication domains

Domain Question numbers Cronbach’s alpha Mean satisfaction score
Technical 2,4,5 0.686 4.712
Communication 1,3,6,8,9,10, 13 0.603 4110

As shown in Table 3, Cronbach’s alpha was
considered acceptable for both the technical
and communication domains. Mean satisfac-
tion was also acceptable in both domains, with
scores above 4. Satisfaction with the technical
domain was higher than satisfaction with the
communication domain.

Discussion

In the present study, the highest rates of dissat-
isfaction were associated with maintenance of
silence and acoustic comfort by personnel and
in the ICU environment (30%), explanations of
the disease and treatment stages by personnel
(19%), staff response to patient distress and
emotional support (12%), and the frequency
and ease of access to a physician (11%).

In contrast, more than 90% of patients were
satisfied with respectful staff behavior, pain
management, teamwork in patient care, staff
skill, access to ICU nurses when needed or in
emergencies, the performance of nursing aides,
and assistance with walking.

The high level of environmental noise in the
ICU indicates an urgent need for intervention in
this public hospital so that patients can recover

in a calm, quiet, and low-anxiety environment.
Poorbaba and colleagues recommended mea-
sures to reduce noise and its sources in order
to create a quieter environment for patients.
Such measures may accelerate patient recovery
while also allowing staft to work more calmly
and provide higher-quality services (9).
Previous studies have identified noise as an
important cause of discomfort and sleep distur-
bance in the ICU. Persson Waye and colleagues
examined the psychological effects of hospital
noise and reported possible adverse effects on
the cardiovascular system, increased readmis-
sion, longer hospital stay, increased need for
higher analgesic doses, impaired brain function
and short-term memory, increased stress and
anxiety, and psychiatric complications such as
delirium (10).

Sayadi and colleagues reported that hospital
noise may affect vision, balance, sleep, social
relationships, neurological function, and psy-
chological status, including emotional distur-
bance, irritability, and psychiatric symptoms.
General physiological effects may include
increased heart rate, blood pressure, oxygen
consumption, and respiratory rate. Such effects
may be particularly dangerous for patients with
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The 387 patients admitted to the surgical ICU
had a mean age of 61.09 + 14.97 years. More
than 90% of patients were satisfied with the re-
spectful behavior of personnel, staff manage-
ment of pain, teamwork in patient care, staff
skill, access to ICU nurses when needed or in
emergencies, assistance provided by nursing
aides, and staff support when patients needed
help with walking.
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The highest dissatisfaction rates were related
to maintenance of silence and acoustic com-
fort by staff and within the ICU environment
(30%), explanations of the disease and treat-
ment stages provided by personnel (19%), staff
response to patient distress and emotional sup-
port (12%), and frequency and ease of access
to a physician (11%). These issues, particularly
the need for a quiet environment, require care-
ful evaluation and corrective action.

Table 2. Patient satisfaction percentages among patients admitted to the surgical ICU

of Bagqiyatallah Al-Azam Hospital, Tehran

Questionnaire item Complete satisfaction (%) Moderate satisfaction (%) Dissatisfaction (%)
1. ICU personnel treated you respectfully, compassionately, and kindly. 91.5 4.7 39
2. How do you evaluate the ICU staff’s assessment and management of
iy 95.3 0.8 3.9
your pain?
3. Considering that you may have experienced anxiety and distress upon
ICU admission, how did personnel identify and respond to your distress 69.0 19.4 11.6
and provide emotional support?
4. How was coordination of care and teamwork among ICU personnel? 93.0 3.1 39
5. How would you rate the skill of ICU personnel? 93.0 5.4 1.6
6. How was communication between ICU staff and your family
: o 57.4 333 9.3
regarding your condition?
7. How satisfied were you with the atmosphere and physical 767 155 73
environment of the ICU during your stay? ’ : :
8. Were explanations about your disease and treatment stages provided
; 67.4 13.2 19.4
clearly and in an understandable manner?
9. How satisfied were you with the frequency of physician visits and
e 79.8 9.3 10.9
case of access to a physician?
10. How well were silence and acoustic comfort maintained by 558 14.7 295
personnel and in the ICU environment? : . ’
11. Was environmental lighting, including adequate darkness during
e : 89.1 39 7.0
nighttime rest, appropriate?
12. How satisfied were you with the quality and quantity of meals 507 38.8 85
provided by the hospital in the ICU? ’ :
13. How gccessxble were ICU nurses when needed or during 922 31 47
emergencies?
14. How satisfied were you with the nursing aide’s assistance when
needed, including provision of additional blankets, daily sheet changes, 94.6 39 1.6
accompaniment to radiology, toileting assistance, and diaper changes?
15. How satisfied were you with staff assistance when you needed help
; A 975 0.0 25
walking, such as going to the restroom?
16. Considering whether or not you had adequate health insurance, how 077 037 28
satisfied were you with the cost of ICU admission and stay? ’ :
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Eligibility Criteria

Inclusion criteria were admission to the surgical
ICU, voluntary willingness to participate, age
older than 18 years, ability to read and write,
full consciousness, absence of endotracheal in-
tubation, an ICU stay of 48 to 240 hours (2—10
days), and assessment at the time of transfer or
discharge from the ICU.

Exclusion criteria were unwillingness to con-
tinue participation; inability to answer all ques-
tions for any reason; deterioration during the
study, including reduced consciousness; per-
sonal reasons such as fatigue, lack of motiva-
tion, complexity of the medical condition, or
unwillingness to answer certain questions; and
evidence identified by the investigator of inade-
quate cooperation, illogical responses, or failure
to answer the designed questions appropriately.
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Results

The Content Validity Index was used to assess
questionnaire validity. All CVI values were
greater than (.79, indicating acceptable content
validity. Questionnaire reliability was evaluat-
ed using Cronbach’s alpha. The obtained Cron-
bach’s alpha value was 0.779, demonstrating
acceptable reliability.

Table 1 presents patient satisfaction according
to demographic characteristics. Satisfaction
had a similar distribution across all background
variables. Women, residents of cities other than
Tehran, uninsured participants, married partic-
ipants, patients aged 18—45 years, and individ-
uals with higher educational levels had some-
what higher satisfaction scores; however, none
of these differences was statistically significant.

Table 1. Satisfaction according to demographic characteristics of patients admitted to the surgical ICU of
Bagiyatallah Al-Azam Hospital, Tehran

Characteristic Group Mean + SD P value
1845 years 68.6+5.7
Age group 4670 years 66.6+ 7.6 0.198!
71-100 years 67.0+6.7
Male 66.5+ 8.2 )
Sex Female 67.4+6.1 0223
p Yes 669+ 7.2 )
Health insurance No 077147 0.705
. Tehran 66.2+79 5
Place of residence Other oitios 75165 0.078
. Single 66.6+ 6.4 )
Marital status Martied 670174 0.572
Iliterate 66.3+7.1
Education High-school diploma 67.6+ 7.2 0.221*
University education 67.6= 1.2
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Materials and Methods

This descriptive cross-sectional study was con-
ducted to assess patient satisfaction with hos-
pital services provided in the surgical intensive
care unit of Baqiyatallah Al-Azam Hospital
during 2024-2025.

Questionnaire development: Initially, the di-
mensions and items of the questionnaire were
developed by reviewing questionnaires avail-
able at the hospital and other related centers, as
well as Persian- and English-language articles.
The questionnaire consisted of two main sec-
tions. The first section contained personal and
demographic information, including age, sex,
type of insurance, and educational level. The
second section contained specific questions
concerning satisfaction with hospital services,
including nursing services, medical services,
nutrition, billing, admission, welfare facilities,
and visits with family members.

Scoring was based on a five-point Likert scale,
with a score of 5 representing the highest level
of satisfaction and a score of 1 representing the
lowest level.

Content and conceptual revision: To assess
clarity and conceptual appropriateness, the
questionnaire was administered to 15 randomly
selected patients. Hospital administrators and
management personnel were also consulted to
improve the quality and wording of the ques-
tions.

Questionnaire validity: Content validity was
assessed by attempting to cover all relevant as-
pects of patient satisfaction with hospital ser-
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vices. Eight informed experts independently
rated the questionnaire items using the Content
Validity Index (CVI) on a four-point scale: ir-
relevant, slightly relevant, relevant, and high-
ly relevant. The questionnaire was then sent to
additional specialists in the field, who provided
comments on its content, wording, and struc-
ture. After expert comments were reviewed
and incorporated, the questionnaire’s content
validity was confirmed.

Questionnaire reliability: A pilot study was
conducted to evaluate reliability. Cronbach’s
alpha was calculated, and the final question-
naire was prepared.

After approval was obtained from the univer-
sity’s research deputy and coordination was
completed with the hospital, 387 eligible pa-
tients admitted to the surgical ICU completed
the questionnaire at a time considered appro-
priate for them. Completion required approx-
imately 20 minutes. The purpose of the study
was explained to all patients, and they were
assured that all information would remain con-
fidential. Participants were selected randomly
and completed the questionnaire after provid-
ing informed consent.

Data were analyzed using SPSS version 24.
Analytical comparisons were performed us-
ing analysis of variance (ANOVA), the inde-
pendent-samples t test, or their nonparametric
equivalents, with a significance level of 5%.

Journal of Iranian Society of
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Introduction

Monitoring in the intensive care unit differs
from monitoring in other hospital depart-
ments because ICU patients frequently have
life-threatening conditions, and their care re-
quires experienced health-care personnel and
an environment equipped with up-to-date tech-
nology. Therefore, evaluating the quality of
services provided to patients and their families
can serve as an appropriate measure of health-
care quality (1).

The intensive care unit is intended for the mon-
itoring and care of patients who are recover-
ing from the immediate physiological effects
of anesthesia and surgery (2). Recovery care
is generally supervised by the anesthesiology
service and delivered by trained physicians and
personnel (2,3). Consequently, patients in criti-
cal-care settings require close monitoring of the
airway, respiratory activity, and vital signs (3).
High-quality care in recovery and critical-care
units improves patient safety and substantially
reduces adverse events and mortality after sur-
gery and anesthesia (4).

Studies have shown that, as a result of expe-
riencing numerous stressors, patients may de-
velop immediate or long-term psychological
and emotional reactions. These reactions can
adversely affect health, recovery, and rehabili-
tation; increase pain and blood pressure; delay
recovery; and sometimes continue for several
months after discharge, ultimately reducing
quality of life (5).

Poor patient satisfaction is often caused by a
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gap between expectations regarding the ser-
vices provided and the extent to which per-
ceived needs are met. This gap may subse-
quently affect the patient’s health. Providing
patients with information about their condition
and treatment outcomes in the ICU may re-
duce anxiety and frustration and improve con-
fidence, trust, and satisfaction with health-care
staff’ (6-8).

Given the vital importance of the surgical ICU
and the need to improve the quality of services
provided in this unit, the present study was
conducted to evaluate satisfaction among hos-
pitalized patients and identify factors contrib-
uting to dissatisfaction. Surgical ICU patients
were selected because they generally had an
adequate level of consciousness and greater
ability to cooperate after surgery, thereby im-
proving the accuracy and reliability of the col-
lected data.

Because comprehensive studies examining the
problems and barriers in this setting are limit-
ed, and because dissatisfaction may contribute
to outcomes such as patients requesting early
discharge, this investigation was considered
necessary. Accordingly, a standardized ques-
tionnaire with acceptable validity and reliabil-
ity was used to assess patient satisfaction and
the factors associated with dissatisfaction, with
the aim of identifying weaknesses and propos-
ing opportunities for improvement.

Journal of Iranian Society of
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I Abstract

Background and Objective: Monitoring and care in the intensive care unit (ICU) differ from
those in other hospital wards because ICU patients commonly have life-threatening illnesses.
Because some patients admitted to the surgical ICU expressed dissatisfaction, requested early
discharge, and experienced related problems, this study was conducted to identify weaknesses in
the existing system.

Methods: This descriptive cross-sectional study evaluated patient satisfaction with hospital ser-
vices provided in the surgical ICU of Baqiyatallah Al-Azam Hospital during 2024-2025. After
the required permissions were obtained, eligible patients admitted to the surgical ICU completed
a researcher-designed questionnaire. The collected data were analyzed using SPSS version 24.
Results: After confirmation of the questionnaire’s validity and reliability, the responses of 387
patients were analyzed. The highest levels of dissatisfaction were related to maintenance of si-
lence and acoustic comfort (30%), the way personnel explained the disease and treatment process
(19%), the staff’s response to patient distress and provision of emotional support (12%), and the
frequency and ease of access to a physician (11%).

Conclusion: Overall, patients reported a relatively good level of satisfaction across the assessed
domains. The most prominent problems were excessive environmental noise, insufficient diagnos-
tic and therapeutic explanations, and inadequate emotional support from health-care staff in the
ICU. These issues require further evaluation and targeted corrective measures.

Keywords: Patient dissatisfaction; Patient satisfaction questionnaire; Intensive care unit
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in transportation and occupational activities.
Higher rates of motor-vehicle collisions and
falls among men have also been reported by the
World Health Organization (17) and Moshiro
and colleagues (18).

The results showed that most trauma patients
presenting to the emergency department were
discharged rapidly, indicating that their injuries
were generally of low severity. However, a clin-
ically important minority required prolonged
observation, surgery, transfer to the operating
room, or admission to a hospital ward. The
availability of health insurance and relatively
low out-of-pocket emergency-care costs may
also encourage patients with mild injuries to at-
tend hospital emergency departments.
Approximately 13.9% of patients required ob-
servation for less than six hours, and approxi-
mately 13% required minor outpatient surgery.
Given the limited human and logistical resourc-
es of prehospital EMS, the emergency organi-
zation uses a dispatch system involving physi-
cian telephone consultation. When considered
appropriate by the physician and accepted by
the patient, code 1029 is documented, neces-
sary instructions are provided, and the patient
is advised to attend hospital independently if
problems arise (19).

Identifying high-risk groups and their care
needs may assist in the development of trau-
ma-prevention protocols. Establishing a regular

and accurate trauma registry could also sup-

UL
%

port quality-monitoring programs and improve

&

IRANIAN SOCIETy

JUYI VLY

hospital care. Preventive programs, prehospital
care, and hospital-based care should therefore
be developed as complementary priorities in
addressing trauma.

Based on the findings, use of code 1029 appears
appropriate for the 50% of patients who required
only outpatient treatment and did not have an
acute emergency condition. However, it may
have been inappropriate for approximately 23%
of patients who subsequently required more ex-
tensive diagnostic or therapeutic interventions.
More rigorous education of prehospital EMS
personnel is therefore necessary so that patients
requiring advanced evaluation or treatment can
be identified correctly and transported to hospi-
tal in a timely manner.

Further studies are recommended to evaluate
the effect of code 1029 on the workload of both
prehospital EMS and hospital emergency de-

partments.
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Discussion

Trauma is a major cause of mortality, account-
ing for approximately 9% of deaths world-
wide and representing a leading cause of death
among young people (5). Many trauma-related
deaths may be preventable through faster and
more effective treatment (6).

Borhanzehi and colleagues emphasized the im-
portance of conducting more detailed studies
beginning at the time emergency personnel ar-
rive at the scene and continuing during patient
transport, in order to evaluate prehospital per-
formance more accurately (7). Many deaths and
injuries associated with accidents may be pre-
ventable through appropriate prehospital care
(8). Timely management of trauma patients is
therefore crucial.

The absence of mortality in the present study
may be related to the fact that the study popula-
tion consisted of patients judged not to require
ambulance transport. The authors also suggest
that a substantial proportion of trauma deaths in
developing countries occur during the prehos-
pital phase. Conversely, improved prehospital
care may keep more severely injured patients
alive until hospital arrival and thereby increase
the number of in-hospital deaths recorded in
some settings. Popa and colleagues also high-
lighted the importance and positive effects of
prehospital emergency services (9).

In this study, the most common trauma mecha-
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nisms were collisions involving motor vehicles
and falls from motorcycles. These findings are
consistent with a study conducted by Zargar and
colleagues in Tehran (8), although they differ
from reports from Kashan and Ardabil (10). In
Mashhad, transport-related incidents accounted
for 33.7% of calls to EMS. In urban and road
stations, reported response and scene-arrival
times varied, demonstrating the importance of
local EMS structure and geography (11).

The mean age of the trauma patients was re-
ported as 23.75 years in the discussion section,
suggesting that most injured patients were in
economically active age groups. This finding is
consistent with other studies (10,12,13). Trau-
ma in children younger than 10 years may be
associated with limited risk awareness, where-
as trauma between 21 and 50 years of age may
be linked to motor-vehicle crashes and occupa-
tional incidents. An increase in trauma after the
age of 60 may be related to physical frailty and
reduced attention (14).

The number of male trauma patients was ap-
proximately 5.03 times the number of female
trauma patients. In a study conducted across 12
Iranian provinces by Naghavi and colleagues,
the corresponding ratio was estimated at 3.7
(15). A study in Guilan also identified men as
the group at greatest risk (16). This difference
may reflect cultural, economic, and social fac-

tors, including greater involvement of men
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The minimum duration of EMS 115 personnel
attendance at the patient’s side was 1 minute
and the maximum was 45 minutes. The mean
attendance time was 11.13 minutes.
Inferential analysis showed significant as-
sociations between sex, age, and final out-
come (P=0.0001). A total of 169 male pa-
tients (53.31% of men) and 21 female patients
(33.33% of women) were discharged after out-
patient treatment. Thus, outpatient treatment
was proportionally more common among men
than women.

The mean age of patients presenting to Shahid
Beheshti Hospital with code 1029 was reported
as 25.7 years. No statistically significant associ-
ation was found between the duration of EMS
attendance at the scene or the patient’s waiting
time in the emergency department and final out-
come (P=0.741 and P=0.552, respectively).
Male trauma patients were approximately twice

as likely as female trauma patients to be ob-

<STHESIg,
.3‘\‘ =~

IRANIAN soclmﬂ
Sl
=
ECVRRVATTITRY

served for less than six hours in the emergency
department. Specifically, 7.93% of women and
15.14% of men were observed for less than six
hours and then discharged. In contrast, 15.87%
of female trauma patients remained in the emer-
gency department for more than 12 hours, com-
pared with 4.41% of male trauma patients. This
indicates that prolonged emergency-department
observation was approximately three times
more frequent among women.

During the study period, 13 male trauma pa-
tients (4.1%) and 8 female trauma patients
(12.69%) were observed/admitted in a hospi-
tal ward, again indicating a higher proportional
rate among women. The proportions transferred
to the operating room were similar in women
and men (approximately 11% versus 10%, re-
spectively). Descriptive statistics for emergen-
cy-department waiting time by final outcome

are presented in Table 4.

Table 4. Descriptive statistics for emergency-department waiting time by final outcome

Final outcome n Minimum (h) Maximum (h) Mean (h) SD

Outpatient care in the emergency department 190 0.25 168 7.77 17.04
Minor outpatient surgery 51 0.25 243 9.60 34.25
Observation for less than 6 hours in the 53 025 7 581 11.36
emergency department

Emergency-department stay longer than 12 hours 24 0.25 12 3.52 3.98
Observation/admission in a ward 21 0.50 22 4.78 4.92
Transfer to the operating room 41 0.50 448 15.45 69.71
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Table 2. Final outcomes among trauma patients presenting with emergency referral code 1029

Final outcome Frequency Percent
Outpatient care in the emergency department 190 50.00
Minor outpatient surgery 51 13.43
Observation for less than 6 hours in the emergency department 53 13.94
Emergency-department stay longer than 12 hours 24 6.33
Observation/admission in a hospital ward or critical-care setting 21 5.52
Transfer to the operating room 41 10.78
Death 0 0.00

One-way analysis of variance demonstrated a statistically significant association between age and
final outcome among trauma patients presenting with code 1029 (P=0.0001) (Table 3).

Table 3. One-way analysis of variance for the relationship between age and final outcome

Source Sum of squares df Mean square F Sig.
Between groups 9972.06 5 1994 .41 6.69 0.0001
Within groups 111486.03 374 298.093
Total 121458.7 379

Comparison of mean age across final-outcome categories showed that trauma patients observed
in a ward had a lower mean age than patients in the other outcome groups. The highest mean ages

were observed among patients undergoing minor outpatient surgery and those receiving outpatient
care in the emergency department (Figure 1).

35

30 -

25

Age (years)
N
o

a—
w
1

10 A

Outpatient Minor
care in ED surgery <6 h >12h

Final outcome

Observation ED stay Ward Operating

observation room

Figure 1. Comparison of mean age across final-outcome categories among trauma patients presenting
with emergency referral code 1029.
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collision (24.5%), falling from a motorcycle
(19.5%), and motorcycle—automobile collision
(17.9%). Contusion was the most frequent trau-
matic injury (34.7%), while joint injury was the
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least frequent (6.1%). Abrasions accounted for
23.9% of injuries, fractures for 17.1%, head
injuries for 8.9%, and muscle lacerations for
9.2% (Table 1).

Table 1. Demographic and clinical characteristics of trauma patients presenting to the emergency depart-

ment with an EMS referral form

Variable Frequency Percent
Sex — Male 317 83.4
Sex — Female 63 16.6
Trauma mechanism — Pedestrian—automobile 55 14.5
Trauma mechanism — Motorcycle—motorcycle 15 3.9
Trauma mechanism — Code/unspecified category ‘110’ 1 0.3
Trauma mechanism — Pedestrian—motorcycle 93 24.5
Trauma mechanism — Pedestrian—heavy vehicle 7 1.8
Trauma mechanism — Motorcycle—automobile 68 17.9
Trauma mechanism — Motorcycle-heavy vehicle 8 21
Trauma mechanism — Automobile—automobile 22 5.8
Trauma mechanism — Automobile—hcavy vehicle 4 1.1
Trauma mechanism — Fall from motorcycle / motorcycle-related fall 74 195
Trauma mechanism — Automobile-related event 28 7.4
Traumatic injury — Contusion 131 34.7
Traumatic injury — Abrasion 90 23.9
Traumatic injury — Fracture 65 17.1
Traumatic injury — Head injury 34 8.9
Traumatic injury — Muscle laceration 35 9.2
Traumatic injury — Joint injury 23 6.1

Final outcomes were as follows: discharge af-
ter outpatient care in the emergency department
in 190 patients (50.0%); discharge after minor
outpatient surgery in 51 patients (13.43%); dis-
charge after observation for less than six hours
in 53 patients (13.94%); emergency-department
stay longer than 12 hours in 24 patients (6.33%);
observation/admission in a hospital ward or crit-
ical-care setting in 21 patients (5.52%); transfer

to the operating room in 41 patients (10.78%);

and death in no patients (0%) (Table 2).
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patients. This group may include both trauma
and non-trauma patients who are considered
not to require urgent emergency treatment (4).
Reducing unnecessary EMS missions may de-
crease costs, save personnel time, and reduce
ambulance wear. Because few studies—partic-
ularly in [ran—have examined the relationship
between patient characteristics and the need for
EMS services, the present study

was conducted to determine the outcomes of
trauma patients referred as outpatients by pre-
hospital emergency teams under code 1029
to Shahid Beheshti Hospital in Qom during

1392-1395.

Methods

This descriptive cross-sectional study included
all patients presenting to the Emergency De-
partment of Shahid Beheshti Hospital in Qom
with the outpatient EMS 115 referral form car-
rying code 1029. Based on a pilot study, with
a type I error of 0.01 and an absolute error of
0.04, the required sample size was estimated at
380 participants.

Ethical principles were observed throughout
the study. Following approval of the research
proposal and receipt of ethics approval from
the Research Deputy of Qom University of
Medical Sciences, as well as permission from
the authorities of Shahid Beheshti Hospital,
data were collected under ethics code IR. MUQ.
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REC.1397.012.

Information was obtained through a random-
1zed census-based review of medical records
containing EMS 115 prehospital forms from
1392 to 1395, using a researcher-designed
checklist. The study included completed forms
for trauma patients in whom EMS technicians
had recorded code 1029. Recorded variables in-
cluded age, sex, time of arrival at the emergen-
cy department, duration of EMS attendance at
the patient’s side, and trauma mechanism.
Final outcomes were extracted from the records
and included discharge after less than six hours
of observation, emergency-department stay
longer than 12 hours, transfer to other hospital
wards, serious injuries, and death.

Data were analyzed using SPSS software. Fre-
quencies, means, and other measures of central
tendency were used for descriptive analysis. The
chi-square test was used to compare expected
and observed values and to assess relationships
between categorical variables. One-way analy-
sis of variance was used to examine differences

in age across final-outcome categories.

Results

Among the 380 trauma patients presenting with
an EMS 115 outpatient referral form during
1392-1395, 317 (83.4%) were male and 63
(16.6%) were female. The most common trau-

ma mechanisms were pedestrian—motorcycle
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vation in an inpatient ward/intensive care setting, and 10.78% were transferred to the operating
room. Significant associations were found between sex, age, and final outcome among trauma
patients presenting with emergency referral code 1029 (P=0.0001). However, no significant as-
sociation was observed between the duration of EMS attendance at the scene or waiting time in
the emergency department and final outcome (P=0.741 and P=0.552, respectively).
Conclusion: The findings suggest that code 1029 was appropriate for approximately 50% of
patients who required only outpatient treatment and did not have an acute emergency condition.
However, it was not appropriate for another group of patients—approximately 23%—who re-
quired more extensive diagnostic or therapeutic interventions.

Keywords: Mechanism; Trauma; Outcome Assessment; Emergency Department

Introduction indicates that most patients treated at the scene

Trauma is a leading cause of death and one of SRR R bEEe o Nggen] dgnot subse-

the principal causes of disability in developing R ey e R (3)-

countries (1). Prehospital emergency medical s jpreiospiell Giusige QeI g ey

services are an integral component of the health- Slickbn SRl s whelapaigling

- . . . emergency technicians and when providing a
care system. These services include diagnostic sency P &

. : concise report to the dispatch center. One of
and therapeutic measures, patient transport, and P P

facilitation of hospital admission. The priority iiese s e ertipeinient iethoirioll Cod AEER 1220

of a health system is to provide timely, effec- which is used when a patient does not require

tive, and efficient emergency care.

Studies conducted in European countries have
shown that appropriate and efficient initial per-
formance by prehospital personnel can sub-
stantially reduce emergency-department length
of stay and wasted time (2). Nevertheless, re-
liable approaches that enable EMS personnel
to distinguish patients who require immediate
hospital referral from those who do not remain

limited. At the same time, available evidence

transport by an EMS 115 ambulance but is ad-
vised to attend a hospital emergency depart-

ment independently.

Among calls received by Emergency Medical
Services 115, some patients are judged—fol-
lowing assessment and consultation with the
physician at the emergency operations center—
not to require an immediate intervention. They
are therefore referred to a treatment center as

outpatients and are categorized as code 1029
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I Abstract

Introduction: The prehospital emergency medical services system uses nationally defined codes
that allow emergency medical technicians to provide brief mission reports to the dispatch or oper-
ations control center. When a prehospital emergency team attends an incident and determines that
ambulance transport is not required, the patient may be examined, issued Form 1029, and advised
to attend one of the city’s hospital emergency departments independently as an outpatient. This
study aimed to determine the frequency of final outcomes among trauma patients referred using
Form 1029 after admission to the Emergency Department of Shahid Beheshti Hospital in Qom.
Methods: This was a descriptive cross-sectional study. The study population consisted of patients
presenting to the Emergency Department of Shahid Beheshti Hospital with the outpatient refer-
ral form issued by Emergency Medical Services 115. Data were collected through a randomized
census-based review of the medical records of patients with prehospital EMS forms during the
years 1392—1395 in the Iranian calendar (approximately 2013-2017).

Results: The study showed that 13.43% of patients underwent minor outpatient surgery, 6.33%
remained in the emergency department for more than 12 hours, 5.52% were admitted for obser-
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