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ABSTRACT: The aim of the present study was to determine the risk factors and impact on

outcome of blood transfusions following pneumonectomy for thoracic malignancies.

A retrospective analysis of 432 consecutive patients was carried out, of whom 183 (42.4%) were

transfused post-operatively. The associations between blood transfusions and 20 variables were

assessed by univariate and multivariate analysis. Survival analysis included log-rank test and Cox

regression model.

Patient age, neoadjuvant treatment, completion pneumonectomy and extended procedures were

independent predictors of transfusion. It was found that 30-day mortality increased significantly

from 2.4% (no transfusion) to 10.9 and 21.9% (f2 and .2 red blood cell packs, respectively). Blood

transfusion was the strongest predictor of 30-day mortality (odds ratio (OR) 10; 95% confidence

interval (CI): 3.7–27), respiratory failure (OR 19.2; 95% CI 7.4–49.4) and infectious complications

(OR 3; 95% CI 1.5–6.2). In the 367 lung cancer patients, a significantly lower 5-yr survival was

observed in univariate analysis of transfused patients (27.8¡5.4% versus 39.4¡4.5%). In a Cox

regression analysis, blood transfusion was no longer found to be significant.

A dose-related correlation is suggested between blood transfusion and early mortality through

an increase of infectious and respiratory complications. In contrast, blood transfusion had no

independent adverse impact on long-term survival.
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T
here have been very few clinical trials
evaluating the blood-product needs in
patients subjected to major thoracic oncol-

ogical surgical procedures [1–4]. The issue is of
clinical relevance since outcome data on transfu-
sion therapy have not always been favourable,
particularly in the areas of post-operative infec-
tion, systemic inflammatory response syndrome,
multiple organ failure and finally mortality. Fur-
thermore, the risk of infection transmission now
includes both existing and emerging pathogens
[5]. Besides these early concerns, transfusion-
related immunomodulation combined with the
decreased natural killer cell activity seen during
the peri-operative period may support tumour
growth and lower long-term survival of trans-
fused cancer patients [6].

Pneumonectomy carries the highest complication
and mortality rates among all elective pulmonary
resections and almost all other elective surgical
procedures, even in high-volume institutions [7].
Moreover, pneumonectomy has been reported to

have a potent, independent adverse impact on
survival in cancer patients [8].

Thus, the overall blood requirements and factors
potentially associated with increased need for
transfusion were evaluated in the present study,
as well as their consequences on early, mid- and
long-term outcomes, among 432 consecutive
patients having received pneumonectomy for
thoracic malignancies during a 10-yr period.

METHODS AND MATERIALS
The medical records of all patients who under-
went pneumonectomy for a malignant disease
were reviewed for the 10-yr period ranging from
May 1993 to December 2002. Patient charts were
identified by screening of a database into which
data were entered prospectively. Information con-
cerning blood products included the use of red
cells, platelets, plasma and cryoprecipitate, and
coagulation factor VIII. The use of human albumin
was not analysed. All these data were gathered
prospectively on a specific computerised database
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by means of dedicated software (Rhésus1; Assistance Publique-
Hôpitaux de Marseille, Marseille, France).

There were 432 patients (368 males), whose ages ranged 19–
82 yrs (mean¡SD 60¡9.9 yrs). Mean forced expiratory volume
in one second (FEV1) was 2.6¡0.8 L and mean FEV1/forced
vital capacity was 72¡11%. The malignant diseases included
lung tumours, i.e. primary lung cancer (n5367) and lung
metastases (n518), as well as pleural or mediastinal malig-
nancies, i.e. mesothelioma (n540), thymoma (n54) and
lymphoma (n53).

Associated conditions consisted of chronic obstructive pul-
monary disease in 50 (11.6%) patients, diffuse arteriosclerosis
in 59 (13.6%), involving the coronary arteries in 24 (5.6%),
hypertension in 60 (13.9%), diabetes mellitus in 18 (4.2%),
cardiac arrhythmia in 17 (3.9%) and HIV infection in 2 (0.4%).
In addition, 42 (9.7%) patients had a history of extrathoracic
malignancy.

The procedure was performed equally in 216 cases on each
side and there were 36 completion pneumonectomies. Among
the 367 patients with primary lung cancer, 69 received
neoadjuvant treatment that consisted of chemotherapy
(n546), radiotherapy (n51) or a combination of both (n522).
All patients with lung metastases, six patients with mesothe-
lioma and two patients with thymoma received multiple
sessions of chemotherapy (n522), radiotherapy (n5 1), or a
combination of both (n53) pre-operatively.

The surgical approach was a posterolateral thoracotomy in 320
patients, a lateral thoracotomy in 88, a video-assisted mini-
thoracotomy in 20, a sternotomy in three and a double
thoracotomy in one. Standard pneumonectomy with extra-
pericardial (n5133) or intrapericardial division of the hilum
(n5166) was performed in 299 patients. Extended resections
were carried out in 133 patients, of whom 43 received en bloc
extrapleural pneumonectomy combined with pericardial and
diaphragmatic resection. In the remaining 90 patients, med-
iastinal extensions involved one or more of the following
structures: superior vena caval system (n512) with prosthetic
reconstruction in three patients; carina (n513); thoracic aortic
adventitia (n56); left atrium after division of the interatrial
septum (n55); initial portion of the pulmonary artery (n55)
necessitating the use of a temporary cardiopulmonary bypass
in one patient; and oesophagus (n52). Parietal extensions
involved the pleura (n526) or the chest wall (n57), the
pericardium (n526) or the diaphragm (n51) necessitating the
use of a prosthesis for reconstruction.

Primary lung cancers were classified pathologically as stage 0
in seven patients (multifocal in situ carcinoma involving the
main bronchus in one and partial clinical response with a
complete pathological clearance following induction therapy
in six), stage IA in 18, IB in 66, IIA in seven, IIB in 80, IIIA in 89,
stage IIIB in 71 and stage IV in 29 as follows: previously
resected brain metastasis (n57); intraoperative discovery and
resection together with the main tumour of synchronous
separate pulmonary nodules in a different lobe of the same
lung (n517); pleural (n51) and epicardial (n51) metastases;
and discovery of brain (n52) and bone (n51) metastases in the
immediate post-operative course. Cell type included squa-
mous cell carcinoma in 190 patients, adenocarcinoma in 109,

large cell undifferentiated in 42, mixed histological patterns in
eight, neuroendocrine grades 2 and 3 in seven, small cell in
one, sarcoma in three, pure bronchioloalveolar in three,
carcinosarcoma in two, mucoepidermoid in one and adenoid
cystic in one.

None of the patients had undergone autologous blood pre-
donation, or had acute normovolemic haemodilution or
intraoperative cell salvage. None of them had been given
erythropoetin or other pharmacological agents to reduce
transfusion requirements and blood loss. Transfusion of red
blood cells after pneumonectomy was considered according to
the following criteria, which were previously discussed and
accepted by surgeons and anaesthesiologists, and also
approved by the blood transfusion department: 1) haemoglo-
bin (Hb) levels of ,8 g?dL-1; 2) Hb levels ranging 8–10 g?dL-1

and a history of ischaemic heart disease, and/or hypoxaemia
defined as an oxygen saturation of ,95% with 3 L?min-1

oxygen nasal supplementation, and/or the evidence of clinical
intolerance to anaemia (tachycardia, tachypnea, systemic
hypotension, malaise). Platelets, fresh-frozen plasma and
cryoprecipitate were administrated in the presence of biologi-
cally proven abnormalities of the haemostasis and coagulation
pathways. Post-operative acute respiratory failure was defined
as a distress necessitating noninvasive pressure support
ventilation or endotracheal mechanical ventilation. Infectious
complications were defined by the combination of fever
.38uC, hyperleucocytosis and the presence of pathogens in
the sputum or blood cultures in the absence of a bronchial
fistula, which was ruled out routinely with bronchoscopy in
those circumstances. Serum transaminases as well as serologi-
cal status for HIV and hepatitis B and C were determined in
each transfused patient prior to the transfusion after informed
consent, and monitored at 3 and 6 months post-operatively in
survivors.

Frequencies were compared with the Chi-squared test when
appropriate. Means are presented as mean¡SD. Distributions
of continuous variables were compared using an unpaired t-
test. The risks of the need for blood transfusion, operative
mortality, post-operative respiratory failure and infectious
complications were analysed initially by univariate analysis.
For the latter two events, ‘‘transfused’’ patients were those
who received at least 1 unit of blood products before the onset
of the complication, whereas ‘‘nontransfused’’ patients were
those who never received a blood transfusion or who were
transfused after the onset of the complication. Variables that
had a p,0.10 were further evaluated with the use of back-
wards elimination, multivariable, logistic regression analy-
sis. The survival data were updated for December 2005 by
contacting the patient or the referring physician. For patients
lost to medical follow-up, missing data were obtained by
consulting the City Hall registry. Finally, survival data were
not available in 16 patients. Survival was measured from the
date of operation and calculated according to the Kaplan–
Meier method, including the operative mortality. Differences
in survival between groups were tested for significance by the
log-rank test. A univariate analysis was performed and a
likelihood ratio test was used to identify the effect of blood
transfusion and other covariates on survival. A Cox propor-
tional hazards model was fitted to the data to examine and
adjust for any explanatory variables with a p-value ,0.10.
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Forward stepwise procedure and likelihood ratio tests were
used to select the variables with the greatest prognostic value
(p,0.05). This analysis was restrained to the subset of patients
with primary lung cancer.

RESULTS
Of the 432 patients eligible for inclusion in the study, 183
(42.4%) received allogeneic blood transfusions within 30 days
of surgery. The incidence of blood transfusion varied from 33–
50%?yr-1 along the study period. These transfused patients
received a total of 921 units of packed red cells (mean 5¡3.9;
range 1–30). Two (1%) received 1 unit of blood, 53 (29%)
received 2 units and 128 (70%) patients received o3 units of
blood. Of them, 12 patients received 2–9 (4.2¡1.9) units of
viroinactivated plasma, eight patients received 1–4 (1.6¡1.1)
platelet concentrates and one patient received 6 units of
coagulation factor VIII. Patients who underwent a right pneu-
monectomy received significantly more units of packed red
cells than those who underwent a left pneumonectomy: 3¡4
versus 2¡3 units (p50.021). The univariate analysis identified
also the following other variables as statistically signifi-
cant predictors of the need for allogeneic blood transfusion

(table 1): completion pneumonectomy; extended resections;
pleural or mediastinal thoracic malignancies; advanced stage
disease; and previous chemotherapy and/or radiotherapy. In a
multivariate analysis, the following were disclosed as indepen-
dent (table 2): patient age; completion pneumonectomy; neo-
adjuvant treatment; extrapleural procedures; and mediastinal
extensions.

One patient died intraoperatively due to an injury to the
superior vena cava. Overall 30-day and 90-day mortality rates
were 9.2% (95% confidence interval (CI) 7.8–10.6%) and 15%
(95% CI 13.2–16.8%), respectively. Statistically significant
differences in early mortality were observed when transfused
patients were compared with nontransfused patients; 19.1%
(95% CI 16.1–22.1%) versus 2.4% (95% CI 1.2–3.6%; p,0.0001)
and 25.7% (95% CI 22.8–28.6%) versus 7.2% (95% CI 5.5–8.9%;
p,0.0001), respectively. Patients receiving f2 units or .2 units
had a 30-day mortality of 10.9 and 21.9%, respectively,
compared with 2.4% for patients not requiring transfusions
(p,0.0001). Blood transfusion was identified at multivariate
analysis as the strongest independent and statistically signifi-
cant predictor of 30-day mortality, together with patient age,

TABLE 1 Univariate analysis of potential predictors of the need of allogeneic blood transfusion after pneumonectomy for thoracic
malignancies

Variables Transfused patients Nontransfused patients p-value

Subjects n 183 249

Sex M/F % 43.5/35.9 56.5/64.1 0.260

Age yrs 60.9¡9.5 59.4¡10.2 0.102

Side right/left 105 (48.6)/78 (36.1) 111 (51.4)/138 (63.9) 0.009

Previous extrathoracic malignancies yes/no 18 (42.8)/165 (42.3) 24 (57.2)/225 (57.7) 0.945

Arteriosclerosis yes/no 24 (40.7)/159 (42.6) 35 (59.3)/214 (57.4) 0.778

Coronary artery disease yes/no 13 (54.2)/170 (41.7) 11 (45.8)/238 (58.3) 0.228

Diabetes mellitus yes/no 8 (44.4)/175 (42.3) 10 (55.6)/239 (57.7) 0.855

Hypertension yes/no 27 (45)/156 (41.9) 33 (55)/216 (58.1) 0.656

Cardiac arrhythmia yes/no 8 (47)/175 (42.2) 9 (53)/240 (57.8) 0.689

Thoracic malignancy

Lung cancer 139 (37.9) 228 (62.1) ,0.0001

Lung metastases 7 (38.9) 11 (61.1)

Mesothelioma 32 (80) 8 (20)

Miscellaneous 5 (71.4) 2 (28.6)

Previous chemotherapy and/or radiotherapy 52 (54.7) 43 (45.3) 0.006

Lung cancer stage early/advanced 55 (30.9)/128 (50.4) 123 (69.1)/126 (49.6) ,0.0001

Lung cancer histology

Adenocarcinoma 39 (35.8) 70 (64.2) 0.346

Squamous cell carcinoma 77 (40.5) 113 (59.5)

Large cell carcinoma 17 (40.5) 25 (59.5)

Other types 6 (23.1) 20 (76.9)

Surgical approach PLT versus LT versus other 145 (45.3)/28 (31.8)/10 (41.7) 175 (54.7)/60 (68.2)/14 (58.3) 0.076

Completion pneumonectomy yes/no 25 (69.4)/158 (39.9) 11 (30.6)/238 (60.1) 0.001

Standard versus extended pneumonectomy 97 (32.4)/86 (64.7) 202 (67.6)/47 (35.3) ,0.0001

Extra- versus intrapleural pneumonectomy 57 (76)/126 (35.3) 18 (24)/231 (64.7) ,0.0001

Intra- versus extrapericardial pneumonectomy 139 (49.6)/44 (28.9) 141 (50.4)/108 (71.1) ,0.0001

Mediastinal extension yes/no 23 (59)/160 (40.7) 16 (41)/233 (59.3) 0.028

Parietal extension yes/no 70 (67.3)/113 (34.5) 34 (32.7)/215 (65.5) ,0.0001

Data are presented as n (%) or mean¡SD, unless otherwise stated. M: male; F: female; PLT: posterolateral thoracotomy; LT: lateral thoracotomy.
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history of coronary artery disease and right-sided pneumonect-
omy (table 3).

The incidence of post-operative respiratory distress necessitat-
ing noninvasive (n55) and/or invasive mechanical ventilation
(n547) was 12.3%, and was significantly higher among
transfused patients (25.1% versus 2.4%; p,0.0001). Blood
transfusion was also identified by multivariate analysis as
the strongest predictor of post-operative respiratory distress
(hazard ratio (HR) 19.2; 95% CI 7.4–49.4; p,0.0001). These
patients needed an average of 6¡6 packs of red cells versus
2¡3 packs of red cells compared with those who did not
experience post-operative respiratory distress (p,0.0001).
Among the 12 patients who received plasma, nine developed
post-operative respiratory failure (p50.0002).

The incidence of infectious complications was 13.7% in
transfused patients and 5.6% in nontransfused patients
(p50.004). Blood transfusion was disclosed as the strongest
predictor of those post-operative infectious complications (HR
3; 95% CI 1.5–6.2; p50.003).

At 6 months, no transmitted viral infection was recorded in
any transfusion recipient.

The median follow-up for patients who were alive at the last
review was 9 months, with a range of ,1–90 months. Overall
5-yr survival rate was 32%. The 5-yr survival rate in the
transfused patients group was 25.6¡4.6% versus 38.4¡4.3% in
nontransfused patients (p50.01). Considering the subset of 367
patients with a primary lung cancer (fig. 1), a significant
difference in 5-yr survival rates was still observed between
transfused versus nontransfused patients (27.8¡5.4% versus
39.4¡4.5%; p50.03). Cox proportional hazards estimation of 5-
yr survival demonstrated that blood transfusion did not
achieve significance after adjusting for other variables, such
as disease stage, presence of substantial comorbidity or history
of extrathoracic malignancies (table 4). Table 5 reports scores
at the last step of the analysis for other relevant covariates of
survival that were not included in the Cox model.

DISCUSSION
The need for blood transfusion within 30 days following
surgery has been reported as ranging from 16–25% of all
patients receiving lung cancer resection [1–4] and exceeded
40% in the present study, which focused on pneumonectomy,
although a rather restrictive and homogeneous transfusion

strategy was used over the study period. The transfused
patients of the present study required large amounts of blood
products, suggesting that they would not have been able to
avoid such a treatment. Intuitively, it may be expected that the
need for transfusion is influenced by the amount of tissue
removed. In fact, transfusion pertained to severity of illness,
difficulty of operation and individual risk due to comorbid-
ities. Indeed, the present series includes a large proportion of
patients that received extended procedures. As a matter of fact,
some surgical features (i.e. extrapleural dissection, mediastinal
extension and completion procedures) appeared as predictors of
blood transfusion. All may be described as technically demand-
ing procedures that are understandably associated with a higher
volume of peri-operative blood loss due to either intraopera-
tive accidental venous or arterial mediastinal haemorrhage or
oozing-type bleeding related to dense adhesions between lung
and chest wall. Besides, pre-operative chemotherapy-induced
anaemia due to the haematological toxicity of most regimes
could explain why the presence of a neoadjuvant treatment
doubled blood needs. Furthermore, the population was elderly,
with a mean age of 60¡9.9 yrs, and because of comorbidities
and poor tolerance of anaemia by an elderly patient, transfusion
was probably more widely indicated.

TABLE 2 Multivariate analysis of independent predictors of
the need of allogeneic blood transfusion after
pneumonectomy for thoracic malignancies

Variables OR (95% CI) p-value

Extrapleural dissection 7.6 (4.1–13.9) ,0.0001

Completion pneumonectomy 4.1 (1.9–8.9) ,0.0001

Mediastinal extension 3 (1.5–6.3) 0.003

Neoadjuvant treatment 2.3 (1.4–3.8) 0.001

Patient age?yr-1 1.03 (1.01–1.05) 0.011

OR: odds ratio; CI: confidence interval.

TABLE 3 Multivariate analysis of independent predictors of
30-day mortality after pneumonectomy for
thoracic malignancies

Variables OR (95% CI) p-value

Blood transfusion 10 (3.7–27) ,0.0001

Right pneumonectomy 3.7 (1.5–8.9) 0.003

Coronary artery disease 3.3 (1.02–10.6) 0.047

Patient age?yr-1 1.05 (1.0–1.1) 0.038

OR: odds ratio; CI: confidence interval.
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FIGURE 1. Survival of the 367 patients with a primary nonsmall cell lung

cancer according to their transfusion status. ———: transfused patients; ????????:

nontransfused patients.
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The greatest presumed effect of blood transfusion was in the
peri-operative course, where transfusion appeared as an
independent and the strongest predictor of operative mortal-
ity, and this effect was dose related. This finding is concordant
with that of HARPOLE JR et al. [9] who found intraoperative
blood loss and intraoperative red blood cell units transfusion
as independent prognosticators of 30-day mortality and 30-day
morbidity, respectively, after major pulmonary resection.
Other predictors, i.e. age, right-sided procedures and presence
of coronary artery disease, had been also extensively reported
previously [9–12]. The present results suggest infectious and
respiratory complications as the causal pathway of that over
mortality. Indeed, blood transfusion was associated with a
three-fold increase of infectious complications, and it was also
identified as the strongest predictor of such a complication at
multivariate analysis. This is in line with the current literature,
in which blood transfusions have been linked to poor post-
operative outcomes with increased incidence of sepsis and
pneumonia in various surgeries, including cardiothoracic
surgery [13]. The observed incidence of acute respiratory
failure in the present study (12.3%) was in the range of current
estimations following pneumonectomy, from 8.7–16% [11, 14].
A 10-fold increase of respiratory failure was observed in
transfused patients and, once again, blood transfusion was
identified as the strongest predictor of such an event. Previous
studies have suggested peri-operative blood loss or blood
transfusion as predictors of pulmonary complications after
pneumonectomy at univariate analysis [11, 12]. Besides
pneumonia, one of the possible causes of post-operative acute
respiratory failure is the so-called post-pneumonectomy
oedema. This has been theorised to be a pro-inflammatory
side effect of allogeneic blood products, resulting in capillary
damage, also known as transfusion-related acute lung injury
(TRALI), the consequences of which may be magnified by the
single-lung status. All plasma-containing blood products have
been implicated in TRALI, with the majority of cases linked to
whole blood, packed red blood cells, platelets and fresh-frozen
plasma [15]. As a matter of fact, 75% of the patients of the
present study who received plasma experienced a post-
operative respiratory failure. It may be hypothesised that less
spectacular but clinically relevant respiratory manifestations
may be mediated by blood transfusion that may act as a first
‘‘hit’’ of a multifaceted inflammatory process.

The mid-term outcome of patients was marked by the absence
of blood-transmitted viral infection. This reflects the efficacy of
the safety measures, based on precautionary principles, that
have been put in place in France, where the blood system has

undergone various changes to make it safer than ever before,
among which are testing for HIV and hepatitis C.

Numerous retrospective studies have examined the relation-
ship between blood transfusion and long-term outcome in
patients undergoing lung cancer surgery, with conflicting
results. Some authors found transfusion to be a significant
independent predictor of earlier recurrence or cancer-related
death [16–18], whereas others did not [19–23]. Only one
prospective study has been carried out to date and has shown
that peri-operative blood transfusion was significantly corre-
lated to worse prognosis in patients undergoing lobectomy for
stage I nonsmall cell lung cancer [24]. In the present study,
great care was taken to exclude patients with comorbidity and
other clinical factors pre-operatively identifiable as possible
predictors of peri-operative blood transfusion, in order to
eliminate confounding factors. Undoubtedly, such a highly
selected group of patients with an awaited favourable
prognosis was the best suited sample to study the impact on
survival of other factors, such as blood transfusion. This
finding is not contradictory to the assertion that the effect of
blood transfusion on survival may be of modest magnitude in
patients with more advanced diseases undergoing more
extended procedures, as suggested by the present results.
Indeed, the current authors observed a detrimental influence
of allogeneic blood transfusion in univariate analysis but not in
the Cox model, where more powerful prognostic variables
were taken into account, such as disease stage and comorbid-
ities. Finally, blood transfusion could also be an indirect
prognosticator, while the true prognostic factor is anaemia, as
suggested by a recent study [25]. Furthermore, pre-operative
anaemia has been reported as a predictor for worse outcome
even in the traditionally low-risk subgroup of completely
resected stage IA patients [26].

The most important limitation of the present study results
from the absence of integration of pre-operative Hb levels and
peri-operative blood losses in the statistical analysis.
Undeniably, pre-operative anaemia, peri-operative blood
losses and needs for blood transfusion are closely linked, and
often occur sequentially in the individual patient. Therefore,
each of these three variables may be a surrogate for the others.
Although not demonstrable, events of the early post-operative
period associated with the need for transfusion, and the

TABLE 4 Hazard ratios (HR) for significant covariates of
long-term survival after pneumonectomy in 367
patients with primary lung cancer (Cox model)

Variables HR (95% CI) p-value

Advanced disease stage 2.53 (1.83–3.49) ,0.0001

History of extrathoracic malignancy 2.45 (1.55–3.85) ,0.0001

Presence of diabetes mellitus 2.24 (1.14–4.40) 0.019

CI: confidence interval.

TABLE 5 Scores at the last step of the analysis for other
relevant covariates of survival that were not
included in the Cox model

Variables Score p-value

Age 0.001 0.98

Blood transfusion 0.42 0.52

Completion pneumonectomy 1.51 0.22

Coronary artery disease 0.29 0.59

Extended resection 3.7 0.055

Histology 4.86 0.18

Hypertension 0.68 0.41

Male 1.72 0.19

Right pneumonectomy 2.17 0.14
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respective very high odds ratio of these associations strongly
suggest a causal relationship.

In conclusion, the present study shows that allogeneic blood
products are frequently needed in cancer patients receiving
extended pneumonectomy. It provides some evidence for the
existence of a dose-related correlation between blood trans-
fusion and early mortality through an increase of infectious
and respiratory complications. Conversely, the impact of
blood transfusion on long-term survival was likely to be
minimised by that of the underlying disease stage and
comorbidities. Since there is a real risk of undertransfusing,
especially in patients with cardiopulmonary compromise, it
remains very difficult to state clear-cut transfusion criteria.
Therefore, in an effort to minimise exposure of surgical
patients to blood transfusion, new strategies using pharma-
cological agents should be investigated, such as the use of
recombinant human erythropoietin to pre-operatively correct
any chemotherapy-induced anaemia, or intraoperative aproti-
nin in those situations clearly identified by the present study to
be those where there is a risk of greater blood loss during and
after surgery.
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