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Abstract

~

Background: Bleomycin is a chemotherapeutic agent that has been applied successfully for decades in the treatment of
testicular tumors. Case reports and studies in animal models suggest that bleomycin increases the lifelong toxicity of lungs
to increased oxygen concentrations, which may trigger ARDS. Therefore, the general recommendation is to keep oxygen
levels as low as possible in the context of medical procedures, which opposes the necessity of high oxygen application
during one-lung ventilation (OLV).

Case presentation: A 27-year-old male was diagnosed for testicular cancer and treated with five cycles of bleomycin.
One year later he underwent open thorax surgery for resection of a large lymphoma in the left thoracic cavity. One-lung
ventilation was used, in which one lung is ventilated while the other is allowed to collapse, providing optimal conditions
for surgery. Total intravenous anesthesia was perforned, FiO2 was set to 0.23 and a second ventilator was used for high-
frequency low-tidal ventilation to result in a ‘collapsed’ left lung. Oxygen saturation remained above 90% and surgery
was performed without complications. Recovery of the patient was unremarkable from his extubation to discharge from
hospital.

Conclusions: In a patient after bleomycin chemotherapy, an FiO2 of 0.23 and supportive, selective low-tidal high-frequen-
cy ventilation of the collapsed lung with a second ventilator may be a viable anesthetic procedure and a trial is justified.
Complications during the procedure should be discussed in advance with the team, and the anesthesiologist must be
prepared for a sudden transition to regular ventilation of both lungs.
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Abbreviations Background
ARDS: Adult Respiratory Distress Syndrome; BLI: Bleomycin Bleomycin is an effective chemotherapeutic from a group of
Lung Injury; CPAP: Continuous Positive Airway Pressure; DLV: antibiotics that was first synthesized in 1966 and is used suc-
Double Lung Ventilation; FiO2: Fraction Of Inspired Oxygen; cessfully in the therapy of Hodgkin’s lymphoma and testicular
HPV: Hypoxic Pulmonary Vasoconstriction; MAC: Minimal Al- tumors [1]. The most important side effect, which may be fa-
veolar Concentration; OLV: One-Lung Ventilation; TLC: Total tal for the patient, is damage to the lungs; this can manifest

Lung Capacity.

itself both in fibrotic changes and in unspecific inflammatory
processes - up to and including acute lung failure (ARDS) [2].
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These effects are summarized under the term bleomycin lung
injury (BLI). The incidence is reported in the literature as be-
tween 0% and 46%, and the mortality rate among those af-
fected varies from 2% to 10%, but increases up to 33% under
mechanical ventilation [2]. In addition, a number of animal
studies suggests that previous exposure to bleomycin leads
to increased oxygen toxicity [3]. This observation is supported
by pathophysiological considerations, since the mechanism of
action of bleomycin consists in the release of oxygen radicals
with subsequent DNA damage in the affected cells [4, 5].

For patients undergoing general anesthesia for surgery after
bleomycin therapy, this has important implications for the
perioperative procedure, since the rate of postoperative pul-
monary complications appears to be significantly increased.
Strategies to avoid excessive fluid intake and ventilation re-
gimes with low FiO2 were established in the last few decades.
A publication by Goldiner et al. suggested the advantage of
such an approach as early as the late 1970s [6]. Further stud-
ies on perioperative oxygen restriction did not confirm their
superiority. In a prospective study with 361 patients, Aakre
et al. showed that the incidence of postoperative ARDS after
bleomycin therapy with the ventilation strategies commonly
used today is lower than previously assumed, but that cer-
tain subgroups have a significantly increased risk [7]. In this
context, anesthesia for thoracic surgery with one-lung ventila-
tion poses a particular challenge and has not been previously
published. On the one hand, optimal surgical conditions with
isolation of one lung must be provided, but on the other hand,
adequate maintenance of oxygenation must be ensured. If
hypoxemia is imminent, countermeasures include increasing
the FiO2 of the ventilated lung and selective 02 insufflation
of the collapsed lung, with CPAP if necessary [8]. The resulting
increased oxygen partial pressure instantly improves oxygen-
ation as well as the effectiveness of HPV, but may increase the
risk of postoperative complications after bleomycin therapy.

Case presentation

A 27-year-old patient who underwent orchiectomy in 2018
for mixed testicular cancer received six cycles of systemic
chemotherapy with bleomycin, etoposide, and cisplatin (PEB
regimen) three years later for multiple para-aortic, mediasti-
nal, and pulmonary metastases. Transperitoneal para-aortic
and para-esophageal lymphadenectomy was performed three
months after chemotherapy. The para-aortic lymph node con-
glomerate in the area of the spine, a lung metastasis and a
thoracic wall metastasis could not be resected at the initial op-
eration, so in 2019 it was decided to carry out a second opera-
tion with a left-sided thoracotomy under one-lung ventilation
anesthesia.

Preoperative measurements of lung function revealed a TLC
of 6.1 L (84% of normal), FEV 12.69 L (60% of normal), VC 3.12
L (56% of normal), FEV1/VC (Tiffeneau-Pinelli index) 86.30%
(105% of target) and a residual volume of 2.99 L (174% of
target). Lung diffusion capacity was not examined. The static
and dynamic expiratory volumes were worse than those three

months previously. A slight restrictive ventilation disorder was
found with a decrease in the TLC from 8.46 L to 6.11 L (84%),
and the VC fell from 5.58 L (100%) to 3.12 L (56%). Our preop-
erative diagnosis was bleomycin-induced pulmonary fibrosis.
Preoperative oxygen saturation was 96%. The operation was
planned under general anesthesia in the form of a total in-
travenous anesthesia (TIVA) with one-lung ventilation. In an
uncomplicated airway known to have been pre-anesthetized,
anesthesia was initiated without pre-oxygenation but with
morphine, remifentanil, propofol and atracurium, and the an-
esthesia was maintained with propofol and remifentanil. The
patient refused a thoracic peridural catheter.

Intubation was performed with a 39 CH left-sided Roberts haw
double-lumen tube. After easy positioning, bronchoscopic
control showed when the tube was in the correct position.
Because of pretreatment with bleomycin therapy and preop-
erative slight lung restriction, anesthesia was carried out with
an average oxygen concentration of 23% throughout the en-
tire period of anesthesia (Atlan® A-350 XL, Drager, Germany).
Standard monitoring was supplemented with an arterial can-
nula in the left radial artery, and a second peripheral infusion
needle was placed at the right forearm. The patient was kept
normothermic (> 36.5 C) with a convective heat supply (Bair-
Hugger®, 3M, Germany). The first arterial blood sample under
bi-lung ventilation showed a Horowitz index of 471 with an
FiO2 of 0.21 (see Table). To achieve the best possible condi-
tions for the surgeon, we used a second ventilator (Hamilton®-
MR1, Hamilton Medical, Germany) and an FiO2 of 0.23 to ven-
tilate the left lung in BIPAP mode with pressure limits 9 and 5
below an FiO2 of 0.22 and a frequency of 80/min (see Table).
The resulting respiratory tidal volumes averaged about 80 ml.
Lung ventilation showed a pO2 of 70 mmHg (corresponding
to a Horowitz index of 319) and an oxygen saturation of 88-
90%. After 25 minutes of one-lung ventilation the pO2 was
up to 107 mm Hg (corresponding to a Horowitz index of 465).
An impending intraoperative hypoxemia was prevented with
the described isolated ventilation of the collapsed lung, using
minimal breath strokes and a high respiratory rate with 23%
inspiratory oxygen partially avoided. Entire resection of the
lymph node cluster attached to the vertebral column lasted 80
minutes with a one-lung ventilation time of 30 minutes. The
patient was extubated without problems after surgery was
complete and admitted to our intensive care unit for 24 hours.
He was transferred to the ward on the following morning and
discharged from hospital after seven days.

Limitations of our study include small number of patients, lack
of a long term followup and inability to quantify achieved cor-
rection with CT scan in all patients. Assessment of surgical out-
come depend on restoration of normal foot progression angle
and patient reported functional improvement. We are in the
process of prospectively establishing longer term follow-up
and increasing the number of patients in our study to further
validate our findings.
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Figure 1: Ventilation devices in the operating theater.
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Figure 2: Horowitz Index at different time points A — After intubation FiO2 0,21
B — Blood gas samples 15 minutes after start of one-lung-ventilation

C - During surgery, ventilating the left lung for surgery with FiO2 0.25, BiPAP
12/5, frequency 80/min, AMF 2.86 |/min.

Ventilator Setting Atlan-Draeger® Hamilton®-MR1
Mode vC BiPAP
Fi0; 0.25 0.25
Pressure max 30 ¢cm H.0 11 cm H,0
Respiration Frequency 11 80
Tidal Volume 500 ml 30 ml
Minute Ventilation 5.5 I/min 2.4 |/min
PEEP 5 cm H20 5 cm H20
[H3 11 11

Figure 3: ventilators ‘setting.

Figure 4: MRI scan: lymphoma of left thoracic cavity (white arrows).

Table 1
20 minutes after during operation
time/pa- after intu- start ofgng-lung- underqnetlung-
. ventilation ventilation
rameter bation
p02 99 68 102
Horowitz- 443 334 510
Index
pCO2 38,1 39.6 33.9
pH 7.5 7.4 7.5
cHCO3
(mmol/L) 26.7 25.8 23.3
Hb (g/dL) 10.4 10.1 10.1
Hct 0.3 0.3 0.3
K+
(mmol/L) 3.5 3,5 3,6
Na*
(mmol/L) 138 138 137
Ca2*
(mmol/ 1.19 1.21 1,15
dL)
Glu (mg/
dl) 97 94 101
pH (T) 7.5 7.4 7.5

Discussion and conclusions

Patients undergoing chemotherapy with bleomycin retain an
increased sensitivity of the lung to oxygen damage with in-
creased inspiratory oxygen application for the rest of their
lives. In the event of surgery that may be required, the an-
esthesiologist needs to consider two important issues. Bleo-
mycin-treated lungs may suffer from hypoxemia, which per-
manently limits quality of life [9]. Furthermore, the use of
elevated oxygen levels may be hazardous to patients if there
are emergencies or anesthesia during surgery. In this context,
oxygen toxicity is a function of dosage and time, i.e. oxygen
concentrations resulting in an FiO2 of < 0.25 should be aimed
for in order to prevent postoperative development of ARDS
[10].

Although recent retrospective data indicate that the risk with
about 2% appears to be much lower than previously thought,
it is important to avoid elevated oxygen concentrations dur-
ing anesthesia [7]. Once pulmonary intervention is necessary,
one-lung ventilation is desirable to provide the surgeon with
the optimal operating conditions created by an immobilized
lung [11]. The usual practice is ventilation of the relevant lung
with an FiO2 of 0.5 to 0.9 in order to avoid hypoxemia and
prevent hypoxic pulmonary vasoconstriction in the ventilated
lung [8,12]. We were able to perform one-lung ventilation in a
bleomycin-treated patient with an FiO2 of 0.23, achieving oxy-
genation almost as good as that under spontaneous breathing
by using a second ventilator with modified “high-frequency
jet ventilation”. Maintenance of HPV is the main goal of sin-
gle-lung ventilation and may be compromised by several fac-
tors [13]. These include the use of vasodilator agents such as
antihypertensives and volatile anesthetics at concentrations
greater than 1.0 MAC. Application of high concentrations of
oxygen (> 0.5) to the ventilated lung establishes normoxia and
prevents HPV in the ventilated lung due to inadequately ven-
tilated alveolar regions.
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One-lung ventilation is commonly performed for severe unilat-
eral thoracic trauma or other complex diseases and has been
published in the literature [14,15]. The use of high- frequency
ventilation instead of double lumen tubes has been described
as feasible during minimally invasive coronary bypass graft
surgery [16]. Application of CPAP with 50% oxygen during one-
lung ventilation was shown to ensure better oxygenation at
a lower pulmonary shunt than high FiO2 without CPAP [17].
However, this approach should not be first choice for bleomy-
cin treated patients. Immobilization of the operated lung was
shown to be feasible with the use of a standard PEEP level
of 5 cm H20 and a low tidal volume of 80 ml with normoxic
oxygen concentrations. Whereas real one-lung ventilation
results in an approximate halving of the Horowitz index with
HPV [18,19], we were able to produce a sufficient Horowitz in-
dex when “functional” immobilization of the lung to be oper-
ated was established. Based on the one- lung ventilation and
successful normal oxygenation, we consider an attempt to
be justified with one-lung ventilation under normoxic oxygen
concentrations. The risk to the patient of impending hypox-
emia must be reduced by immediate termination of one-lung
anesthesia.
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