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Abstract 

Bleomycin lung toxicity is still a big fear for many anesthetists and their patients after bleomycin therapy. 
Clinicians avoided using high oxygen concentrations and hypoxic mixtures perioperatively since early 
publications of fatal respiratory failure were thought to be caused by a high inspiratory oxygen fraction. Up 
until today, bleomycin is still a frequently used chemotherapeutic. Anesthetists will therefore encounter patients 
who were exposed to bleomycin. Several other risk factors like age, renal insufficiency, cumulative dose, and 
smoking have been linked to the development of bleomycin-induced pneumonitis (BIP), and recent insights have 
questioned the link between hyperoxia and lung toxicity. This review provides an overview of evidence- and 
opinion-based recommendations concerning  
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Introduction

Bleomycin (Figure 1), an antitumor antibiotic, is 
a chemotherapeutic drug still widely used to treat 
germ cell tumors of the testes, Hodgkin lymphomas, 
and squamous cell carcinomas of the head and 
neck. The drug has been very effective in treating 
these malignancies, but its major limitation is its 
pulmonary toxicity, also known as bleomycin-
induced pneumonitis (BIP)1. The incidence is 
estimated to be up to 10%1–3. We will first explain 
the concept of BIP, its risk factors, diagnostic tests, 
and treatment. We will then discuss the management 
of patients with previous bleomycin exposure and 
the approach to BIP perioperatively.  

 
Methods 

An extensive literature review was performed 
using PubMed and The Cochrane Library. The 
Medical Subject Heading (MeSH) terms were used 
to search for articles. The initial literature search 
included reports from 2000 up to November 2022. 
Because of the limited number of relevant articles, 
I extended this search to 1990. The search string 

included keywords “bleomycin” and “bleomycin-
induced pneumonitis”, “bleomycin lung toxicity”, 
“oxygen” and “anesthesia”. Our search included 
articles of patients treated with bleomycin who had 

 
Fig. 1 — Chemical structure of bleomycin.
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Fig. 2 — PRISMA flow diagram.

Bleomycin and lung toxicity   

Bleomycin is still a popular chemotherapeutic 
because of its effectiveness and few myelosuppressive 
side effects. Still, its major drawback is the fear of 
lung toxicity, also known as bleomycin-induced 
pneumonitis (BIP). Eventually, it can progress to 
fibrosis. The exact mechanism of BIP is not entirely 
resolved. Still, it is thought to involve a relative 
deficiency of bleomycin hydrolase in the lungs, 
oxidative damage, genetic susceptibility, and the 
elaboration of inflammatory cytokines1. Several other 
distinct pulmonary syndromes have been associated 
with bleomycin exposure, such as bronchiolitis 
obliterans organizing pneumonia (BOOP) and 
eosinophilic hypersensitivity1,6. In patients receiving 
bleomycin therapy for treating germ cell tumors, 
BIP incidence is as high as 10% and can be critical 
up to 20%7. In the case of lymphomas, pulmonary 
toxicity can be as high as 18%, with a mortality rate 
of 24%8. This may, however, be an underestimate. 
The TE3 study showed that 70.5% of the patients 
had subtle parenchymal changes consistent with 
fine sub-pleural linear opacities on a computed 
tomography (CT) scan9. Lung toxicity can start 
during treatment and up to months or even years 
after discontinuing the therapy10–13. Other rare but 

subsequently anesthesia or were treated with oxygen. 
And secondly, articles about the diagnosis and 
treatment of BIP. Animal and in vitro studies were 
excluded. Data were supplemented by exploring the 
reference list of previously found relevant articles. 
This manuscript was approved after ethical review 
(MP025359, SCONE) and adheres to the applicable 
EQUATOR guidelines. A PRISMA flow chart is 
presented in Figure 2.

 
Results 

Pharmacology of bleomycin 

Bleomycin was isolated from the fungus 
Streptomyces verticillus for the first time in 19662. 
It is inactivated by bleomycin hydrolase, an enzyme 
with lower skin and lung activity. Hence, the lungs 
and skin are most prone to toxicity4. Bleomycin 
hydrolase activity is high in the bone marrow, which 
explains its minimal myelosuppressive effect and 
is, therefore, particularly well suited as a multiagent 
chemotherapy drug. The kidneys primarily eliminate 
bleomycin; half of the dose is cleared within 4 
hours and 70% by 24 hours. Renal impairment can 
significantly decrease the clearance of bleomycin5. 
Table I summarizes the physicochemical properties 
of bleomycin.
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severe and sometimes fatal pulmonary complications 
include pneumothorax and pneumomediastinum, 
as published in case reports11,14. Hence, the 
anesthesiologist should be aware of it. 
 Clinical diagnosis of BIP can be difficult since 
symptoms mimic other conditions in cancer patients, 
like pneumonia and pulmonary metastasis. Patients 
present with aspecific symptoms like fever, non-
productive cough, dyspnea, tachypnea, and bibasal 
crepitations on auscultation1. The most sensitive 
symptom for predicting BIP is cough, followed by 
dyspnea15. Chest radiography can reveal bibasal 
infiltrates but can also present with lobar infiltrates. 
Abnormalities may be seen earlier on CT scan 
and present as small linear and subpleural nodular 
lesions or ground glass opacifications (Figure 3)16. 
Chest radiography has extremely low sensitivity, 
and high-resolution computed tomography 
(HRCT) is the preferred investigation when BIP 
is suspected15. Pulmonary function tests can aid in 
the diagnosis of BIP. Spirometry and lung volumes 
can show a restrictive pattern with decreases in 
forced vital capacity (FVC) and total lung capacity 
(TLC)1. In the past, the diffusion capacity of carbon 
monoxide (DLCO) was the primary test to predict 
lung toxicity, but it appeared not to be specific to 
bleomycin alone. Many physicians obtain a baseline 
set of pulmonary function tests at the start and 
during treatment. However, their correlation with 
increased toxicity is weak, and it should not be the 

first-line investigation for suspected lung toxicity15. 
Because of the very aspecific presentation, the 
diagnosis of BIP is often obtained after exclusion. 
Infectious diseases should be ruled out by blood 
tests and cultures, and malignancies by radiography. 
Different diagnostic criteria have been applied to 
diagnose BIP. Some studies defined BIP as dyspnoea 
requiring steroids, while others used radiography 
criteria for fibrotic changes. One study used acute 
respiratory distress syndrome (ARDS) as a clinical 
parameter for bleomycin toxicity17. According to a 
best-practice clinical guideline for using bleomycin, 
the final diagnosis of BIP is based on a combination 
of systemic symptoms such as non-productive 
cough and dyspnea with characteristic radiological 
findings on HRCT15.

Risk factors for bleomycin-induced pneumonitis 

Several risk factors have been described to 
contribute to the development of BIP: age, renal 
impairment, bleomycin dose, and smoking. As 
mentioned in a retrospective study from NHS, age 
is a risk factor: patients above 40 had an increased 
risk of developing bleomycin-induced pulmonary 
toxicity3. Another study from the Mayo Clinic in 
2005 with 141 patients confirms this statement8. A 
reasonable explanation might be a decreased ability 
to heal from pulmonary tissue damage or a reduced 
kidney function with increasing age. Because 
treatment-related toxicity remains a substantial 

Fig. 3 — CT scan of a patient with bleomycin-induced pneumonitis.  

Chemical nomenclature 	 Bleomycinamide, N1-[3- (dimethylsulfonio)-propyl]-
Empirical formula C55H84N17O21S3

+

Molecular weight 1415.55 g/mol
Appearance White to yellowish powder
Melting point 71 ºC
Water solubility 20 g/L

Table I. — Physicochemical properties of bleomycin.
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pulmonary complications. Goldiner presumed 
that the inspired oxygen fraction (FiO2) should 
be kept as low as possible perioperatively and 
that there should not be excessive fluid overload. 
Furthermore, the contradiction of supplemental 
oxygen after bleomycin was widely recognized 
during the 1980s based on the studies of Goldiner. 
However, the studies consisted of a limited 
number of patients and the first group was studied 
retrospectively, whereas the second group was 
studied prospectively with intensive monitoring. 
A strong causal link between bleomycin, oxygen, 
and pulmonary complications was not found, and 
researchers started to question this proposed causal 
relationship. Donat et al. examined 77 bleomycin-
treated patients undergoing 97 major surgeries 
over eight years. The mean bleomycin dose of 
437 exceeded the recommended dose to be below 
400 units, and the mean latency to bleomycin and 
oxygen was 6.4 months. Intraoperative oxygen 
was not the cause of postoperative pulmonary 
complications. The mean oxygen concentration 
in the pulmonary complication group was 0.39 
and 0.41 in the non-pulmonary complication 
group. They concluded that excessive crystalloid 
administration was the main cause of postoperative 
respiratory failure, not oxygen23. In most surgeries, 
keeping the oxygen as low as possible is feasible, 
and the FiO2 can be lowered as soon as the patient 
is intubated and ventilated. Wuethrich et al. showed 
that a three-minute preoxygenation with 100% 
FiO2 is safe, while perioperative FiO2 was kept at 
30%24. This finding is interesting since we would 
otherwise put patients unnecessarily in danger 
while preoxygenating with hypoxic mixtures. By 
extension and in line with the belief that oxygen 
in combination with bleomycin might be harmful, 
hyperbaric oxygen (HB02) was avoided in patients 
post-bleomycin exposure. However, HBO2 
has been used closely with bleomycin without 
persistent pulmonary complications. A case series 
of fifteen patients showed the safe administration 
of HBO2. The main indication for therapy was 
radionecrosis. Total bleomycin dose ranged from 
40 to 225 IU. The median age at the time of HB02 
was 52 years (range 22-77). Median bleomycin-
to-HBO2 latency was 34 months. Three patients 
received HBO2 within six months and seven within 
two years of their last bleomycin exposure25. It is 
interesting and reassuring that oxygen supply under 
hyperbaric conditions can be administered safely 
after bleomycin exposure. This is the only study 
investigating the effect of oxygen alone as a risk 
factor on the development of BIP. Only 15 patients 
were studied, though the results further question the 
need for strict perioperative oxygen restriction for 

concern, it is common practice for some Hodgkin 
lymphoma regimens to exclude bleomycin in older 
patients18–20. Renal insufficiency is another risk 
factor for developing bleomycin toxicity3,21. The 
drug is excreted unchanged for 70% by the kidneys, 
and its half-life is 2 to 5 hours in patients with 
normal kidney function but could be prolonged to 
even 30 hours when glomerular filtration rates are 
substantially reduced4. Hence, a fall in glomerular 
filtration rate puts the patient at a higher and 
prolonged risk for developing BIP because of low 
levels of the enzyme bleomycin hydrolase. The rate 
of developing pulmonary complications was three 
times higher in patients with a glomerular filtration 
rate of less than 80 ml/min in an NSH report of 
835 patients treated with bleomycin3. Renal 
function can also be compromised by renal damage 
from cisplatin, frequently used concomitantly 
with bleomycin, or by a mechanical obstruction 
secondary to an abdominal tumor. Close monitoring 
of the renal function of patients receiving bleomycin 
is necessary, especially in patients with prior or 
progressing renal dysfunction during therapy. 
Doses above 300 and 450 units are associated with 
a substantial rise in pulmonary toxicity. The risk of 
developing BIP was 8.5%, with a bleomycin dose 
above 300 units3. There is consensus and even a 
black box warning that the cumulative dose of the 
drug should not exceed 400 units. It is still unclear 
if BIP is mainly dose-dependent since toxicity has 
also occurred at doses as low as 20 to 60 units21. 
Current or former cigarette smoking is associated 
with an increased risk for BIP1. Smoking was a risk 
factor for postoperative ARDS In a review of 316 
patients from the Mayo Clinic who had received 
bleomycin chemotherapy and subsequently had 
surgery17.  

The most controversial risk factor is hyperoxia 
and bleomycin exposure. The concept of oxygen 
restriction arose following the landmark paper 
by Goldiner et al. in 197822. Five patients treated 
with bleomycin in their institution developed 
severe respiratory distress three to five days after 
retroperitoneal lymph node excision. Eventually, 
all five died after mechanical ventilatory support 
and, in one case, after extracorporeal membrane 
oxygenation. The authors assumed that oxygen 
concentration and fluid management might have 
contributed to the high postoperative mortality. 
The implementation of a new protocol was 
applied. Oxygen exposure was reduced, and fluid 
management was carefully monitored with a Swan 
Ganz catheter. After implementing these new 
standards, none of the 12 patients who had post-
bleomycin surgery developed acute respiratory 
distress syndrome or deceased from postoperative 
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patients exposed to bleomycin years ago. The risk 
of lung toxicity after bleomycin treatment seems to 
decrease over time, as we notice the incidence is 
highest during and up to 6 months after exposure. 
In a study investigating the risk factors of BIP in 
patients with germ-cell tumors, the median latency 
of exposure to toxicity was 4.2 months, and the 
5-year free BIP rate was 93%3. Although, we still 
must be cautious since some reports of late lung 
injury after years of bleomycin treatment have been 
described13,26.

Treatment of acute bleomycin-induced 
pneumonitis 

Treatment for BIP includes the withdrawal of 
chemotherapy, supportive measures with ventilatory 
support with prolonged protective ventilation, 
and corticosteroid administration. If necessary, 
lung-protective ventilation with PEEP titration 
should be applied. No randomized controlled 
trials are available regarding the effectiveness of 
corticosteroids, but some case reports describe 
good recovery in symptomatic patients. Infection 
should be ruled out before starting corticosteroids. 
As mentioned above, bleomycin can give 
different patterns of pulmonary injury: organizing 
pneumonia, hypersensitivity pneumonitis, 
interstitial pneumonitis, and eventually fibrosis. The 
latter does not always respond to glucocorticoids. 
The optimal dose and duration of glucocorticoid 
therapy are unknown. Based on clinical experience 
and case reports, authors advise starting with 0.75 
to 1 mg/kg prednisone for at least four weeks, 
followed by a dose reduction based on clinical 
findings12. There are no data on whether there is a 
protective effect of glucocorticoids perioperatively. 
In extreme cases, patients need extracorporeal 
membrane oxygenation (ECMO). VV-ECMO has 
been used to minimize ventilator-induced lung 
injury and even as a bridge to transplantation in 
selected cases27. The mortality rate is high. Six case 
reports of BIP required ECMO support, and the 
cumulative survival was 33% (2/6)28.

 
Discussion 

As anesthesiologists, we must be especially aware 
of lung complications in patients who received 
bleomycin. Not everyone has the same risk 
of developing lung toxicity. There are several 
contributing risk factors, and patients with multiple 
risk factors are more at risk. In a study by O’ 
Sullivan, the median time to develop BIP is 4.2 
months. The probability of developing BIP is 32% 
for a patient above 40 years old with a cumulative 
bleomycin dose > 300 units and a glomerular 

filtration rate of less than 80 ml/min. If the patient 
only had one risk factor, his probability would be 
5.4%, 8.5%, and 11.4% in the group for age above 
40 years, glomerular filtration rate <80ml/min, 
and bleomycin dose >300 units, respectively3. 
We will further discuss a patient’s pre-, per- 
and postoperative management after bleomycin 
exposure, followed by the management of someone 
who develops BIP perioperatively. Figure 4 
presents a flow chart that can be used as a guideline 
for patients treated with bleomycin.

Preoperatively 

The preoperative management is mainly based here 
on the risk of developing BIP. A patient still under 
bleomycin therapy which needs urgent surgery, 
poses more risk than someone exposed more than 
five years ago. We can state that patients who are 
still undergoing their chemotherapy course and 
had exposure until six months ago are at high 
risk for BIP. They should have a preoperative 
consultation with an anesthetist. Patients should be 
assessed for risk factors like age, renal impairment, 
cumulative dose, and smoking1,3,8,17,19,20. Also, 
check for other concomitant chemotherapy use, 
like cisplatin which is nephrotoxic and increases 
bleomycin toxicity by reducing its elimination3. 
A blood test with particular attention to kidney 
function is mandatory. A new dry, unproductive 
cough or exertional dyspnea are symptoms of 
BIP and require further investigation15. Most 
patients get pulmonary function tests during their 
chemotherapy, but they are unreliable predictors of 
bleomycin toxicity15. Also, a normal chest X-ray is 
unreliable in excluding BIP. In doubt or when BIP 
is suspected, HRCT is preferred when possible15. 
We recommend contacting the pneumologist 
or oncologist for high-risk patients to check for 
signs of BIP during treatment. Corticosteroids 
can be started perioperatively in agreement with 
the attending physician. The risk of developing 
BIP after five years of exposure is much less, 
but not zero. There are case reports of late BIP; 
theoretically, there is a lifelong risk. The need for 
a preoperative consultation will be based on the 
surgery and the ASA score of the patient. However, 
a preoperative visit can also be reassuring and 
informative concerning personal risk factors and 
individual anesthetic plans. Some patients know the 
possible link between lung toxicity and oxygen after 
bleomycin and might have questions concerning 
using oxygen during anesthesia.

Perioperatively 

The main concern perioperatively is the use of 
supplemental oxygen. Although the evidence that 



298	 Acta Anaesth. Bel., 2024, 75  | Supll. 1

subsequent PaO2 monitoring should be based 
individually on the patient’s characteristics and the 
extent of the surgery.

Postoperatively 

Careful titration of oxygen should also be 
maintained postoperatively. Only use high fractions 
of oxygen when needed or in urgent cases. Chest 
physiotherapy, good analgesia, proper upright 
position in bed and continuous positive airway 
pressure (CPAP) are easy tools to minimize the 
need for oxygen.

Bleomycin-induced pneumonitis perioperatively 

When BIP is suspected perioperatively, referral 
to or discussion with a pneumologist specialized 
in interstitial lung disease is recommended. The 
most sensitive symptom of BIP is a cough15. 
Unfortunately, this symptom is not very specific 
in the postoperative care setting, and patients will 
instead present with dyspnea or arterial oxygen 
desaturation. The differential diagnosis of a patient in 
respiratory distress would be post-anesthesia effect 
and pain medication, pneumothorax, pneumonia, 

high fractions of inspired oxygen may increase the 
risk of BIP in humans is largely anecdotal, many 
authors still advise being cautious with oxygen. 
Titrating the FiO2 as low as possible to target 
saturations above 93% is suitable for most patients 
and if they have normal hemoglobin levels. There 
is no superior anesthetic technique for patients 
post-bleomycin exposure. Every case should be 
extensively reviewed and will be based on the 
location and magnitude of the surgery and the 
patient’s characteristics. A locoregional technique 
can be a good alternative if it allows satisfactory 
surgical anesthesia. It avoids the use of oxygen and 
ventilatory-associated pulmonary complications. 
A recent study has shown that pre-oxygenation 
with 100% oxygen can be safely administered for 
three minutes24. Ventilatory strategies to prevent 
atelectasis and volutrauma should be applied as 
well. Positive end-expiratory pressure (PEEP) 
and recruitment maneuvers will limit the amount 
of oxygen required. Fluids should be given 
somewhat more restrictive than liberal29. Anesthetic 
monitoring should at least include continuous 
oxygen saturation. The use of an arterial line for 
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atelectasis, and acute lung oedema. Pulmonary 
function tests can be considered, but patients are 
often too weak to perform this test immediately 
postoperative. HRCT is the investigation of choice 
in suspected BIP, but in the acute setting only 
sometimes available. Although chest radiography 
has very low sensitivity, it is the easiest and 
fastest tool for imaging the lungs, excluding 
pneumothorax15. In adjunction, lung ultrasound can 
also be used to look for pneumothorax or oedema. 
Blood tests focusing on infectious parameters to 
rule out infection and arterial blood gas to monitor 
the extent of respiratory failure are recommended. 

Conclusions 

Bleomycin is still a frequently used chemotherapeutic. 
Anesthetists will therefore encounter patients who 
were exposed to bleomycin. The use of supplemental 
oxygen is still controversial. Although most studies 
regarding oxygen and bleomycin are retrospective or 
prospective, we conclude that the risk of developing 
BIP is not negligible. The highest incidence of BIP 
is up to 6 months after bleomycin therapy and seems 
to diminish over time3. Although, case reports of late 
BIP prove that there is a rare but possible lifelong 
risk of developing lung toxicity. Additionally, 
several risk factors increase the risk of BIP. These 
include age, renal insufficiency, cumulative dose, 
and smoking. Treatment of BIP consists of pausing 
ongoing bleomycin therapy, ventilatory support, and 
corticosteroids. The perioperative management of 
patients after bleomycin exposure is based on their 
risk for developing BIP. The use of PEEP or offering 
regional anesthesia can be used to avoid high 
oxygen fractions. We advise titrating FiO2 to target 
saturation at least above 93%29. Preoxygenation with 
100% oxygen is safe for a short period and does not 
put the patient at risk for disastrous desaturations24. 
Anesthetists should also be aware of the possible 
lung toxicity after bleomycin exposure, including 
pneumothorax and pneumomediastinum1,14. In case 
of suspicion of BIP perioperatively, discussion 
with a pneumologist is recommended. Based on 
the available literature, we suggest the following 
recommendations regarding bleomycin exposure 
and anesthesia.
1.	Caution regarding oxygen therapy, patients 

should not be denied oxygen therapy in case of 
hypoxia.

2.	The lowest FiO2 that provides adequate tissue 
oxygenation should be provided if supplemental 
oxygen is needed.

3.	Preoperative anesthesia consultation with risk 
factor analysis is highly recommended for high-
risk patients with a history of bleomycin therapy.

4.	Patients should carry wallet cards or wrist 
bracelets, alerting caregivers to possible toxicity 
with high inspiratory concentrations of oxygen.

Conflict of interest: The authors have declared no 
financial relationships with any commercial entity related 
to the content of this article. .  
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