
© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2023;15(6):2926-2935 | https://dx.doi.org/10.21037/jtd-22-1581

Introduction

The supply and transfusion of blood products is a key factor 
in any major surgery. This involves considerable logistics, 
surveillance, and costs. It also carries ethical implications, as 
blood units are a limited resource in all health care systems. 
During the recent COVID-19 pandemic, blood donations 
were compromised, endangering the blood supply (1).

While the transfusion of red blood cell  (RBC) 
concentrates is life-saving in certain clinical conditions, it 
is also associated with short- and long-term adverse events, 
including worse oncological outcomes in patients with 
lung cancer (2-5). Hence, there is consensus that it is of 
utmost importance to critically review the practice of RBC 
transfusion on a regular basis.
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High-quality data on the use of blood products in 
thoracic surgery often come from patients undergoing 
cardiac procedures (6,7). However, data on RBC transfusion 
in non-cardiac thoracic surgery are traditionally scarce 
and often outdated. Previous non-cardiac studies reported 
high transfusion rates, e.g., 16.1% for general thoracic 
procedures, 20.5% for wedge resection, 23.6% for anatomic 
lung resection, 13.0–19.9% for lobectomy, and up to 25.0% 
for pneumonectomy (8-11). These numbers do not match 
current clinical observations. 

Therefore, this study sought to evaluate recent data on 
the transfusion practice of RBC concentrates in a cohort of 
non-cardiac thoracic surgery patients at one tertiary referral 
center. According to the Society of Thoracic Surgeons’ 
(STS) current guideline on patient blood management, 
early identification of high-risk patients is vital, as those 
account for the majority of blood transfusions. For this 
reason, we tried to detect patient-specific risk factors for 
the transfusion of RBC concentrates (12). We present 
this article in accordance with the STROBE reporting 
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-22-1581/rc).

Methods

Ethical review board approval

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). Ethics review 
board approval (No. 2021-15979, date: 17.07.2021) was 

obtained from the ethics commission of the State Chamber 
of Physicians in Rhineland-Palatinate in Mainz, Germany. 
The review board waived the need for patient consent for 
this retrospective study. 

Patients

All consecutive patients operated in the Department of 
Thoracic Surgery, University Medical Center Mainz, 
Germany, between January and December 2021 were 
identified for this monocentric retrospective study in a 
tertiary referral center. Patients undergoing elective and 
urgent surgery, as well as patients requiring intensive 
care for their postoperative treatment were included. 
Patients that were referred for thoracic surgery from 
other departments and had been previously treated there 
as inpatients were excluded. Patients undergoing minor 
procedures (chest tube insertion under local anesthesia, 
minor wound care) or patients with extra-thoracic 
procedures were excluded. 

Patient blood management

Institutional patient blood management protocols were 
applicable to all patients in this study, which included 
perioperative measures for managing anemia, optimizing 
coagulation and using blood conservation strategies. 
Regarding drug anticoagulation, acetylsalicylic acid (ASC) 
was continued perioperatively in all elective cases. In cases 
with double platelet inhibition (ASC plus clopidogrel), 
clopidogrel was paused in a timely manner prior to surgery 
when feasible. In patients with therapeutic anticoagulation, 
the drug was paused prior to surgery according to the 
respective agent, i.e., 24–48 hours for modern oral 
anticoagulants (apixaban, rivaroxaban, edoxaban) or 
according to international normalized ratio (INR) values 
for coumarin derivatives (where bridging with heparin was 
performed). Hemoglobin levels, thrombocyte levels and INR 
were monitored perioperatively in all patients and corrected 
following institutional protocols and the German cross-
sectional guidelines for therapy with blood components and 
plasma derivatives, amended ed., 2020 (13).

Blood ordering schedule and indications for RBC 
transfusion

For all patients scheduled for major thoracic surgery, two 
units of RBC were routinely cross-matched prior to surgery. 
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More units were requested only in select high-risk cases 
(e.g., resections on cardiopulmonary bypass or vascular 
reconstruction). Type and antibody screen only were not 
routinely performed to avoid a loss of time in urgent cases. 
Indications for RBC transfusion were severe perioperative 
bleeding and the prevention of tissue hypoxemia according 
to national and institutional guidelines for hemotherapy (13). 
In accordance with the guideline, a restrictive transfusion 
strategy was pursued, which has been shown to be associated 
with improved outcomes in surgical patients (14). 

Data acquisition

Data on blood ordering and RBC transfusion had 
been previously collected for internal quality control. 
Transfusion data were cross-checked using a retrospective 
review of the electronic documentation system of medical 
procedures at our institution. The presented numbers 
of cross-matched RBC units are the numbers requested 
for cross-matching prior to surgery. Results of type 
and antibody screen were extracted from the electronic 
laboratory system of our institution’s blood bank. 
Patients were classified as “transfused” if they received at 
least one unit of RBC between the start of surgery and 
postoperative day 3. This time interval was chosen to 
detect transfusion events likely related to the procedure. 
Anticoagulation was defined as the administration of 
any anticoagulant that had not been discontinued before 
surgery as recommended by our institutional guidelines. 
Venous thromboembolism medication in prophylactic 
dosage alone (e.g., low-molecular-weight heparin) was 
not considered anticoagulation. The thoracic morbidity 
and mortality classification system was used to grade 
surgical complications (15). Major morbidity was defined 
as complications ≥ grade 3. Mortality was recorded as in-
hospital mortality. Tumor stages were assessed using the 
Union for International Cancer Control staging system for 
non-small cell lung cancer (8th ed., 2017).

Statistical analysis

The median is presented with the interquartile range for 
quantitative variables; qualitative variables are shown as 
absolute numbers and relative frequencies. For bivariate 
analysis of categorical variables χ2 or Fisher’s exact test 
was used, as appropriate. Bivariate analysis of continuous 
variables was carried out with independent samples 
Student’s t-test. The Cochran-Armitage test for trend was 

used to identify the association between a binary variable 
and an ordinal variable with >2 categories. A test result was 
considered statistically significant if P<0.05. For the binary 
outcome “RBC transfusion”, a multiple logistic regression 
analysis was conducted. Variables were entered into the 
model if P<0.10 in a univariable analysis. In the multiple 
analysis, the backward stepwise selection based on the 
probability of the Wald statistic was used and a significance 
level of α=0.05 was chosen to determine final independent 
predictors. Odds ratios are presented together with their 
95.0% confidence intervals (CIs). A receiver operating 
characteristic (ROC) analysis was used to determine cut-
off values for the variables “preoperative hemoglobin”, 
“age”, and “length of surgery” to separate patients with 
versus those without RBC transfusion. All statistical tests 
were two-tailed. The complete case approach was used for 
missing data. Analyses were performed using SPSS Statistics 
software (version 26, IBM, Armonk, NY, USA).

Results

A brief summary of the main findings of the study is shown 
in Figure 1.

Patients and surgical procedures

Between January and December 2021, a total of 379 patients  
met the inclusion criteria. A flowchart of the study 
population is shown in Figure 2. Most patients were male 
(54.4%) and were categorized as American Society of 
Anesthesiologists physical status class 3 (55.2%), with a 
median age of 65 years. Therapy with anticoagulants at the 
time of surgery was present in 19.5% of cases. Table 1 shows 
the patients’ clinical characteristics and surgical outcomes. 
Most cases were elective (72.6%) and were operated using 
a minimally invasive [i.e., video-assisted thoracoscopic 
surgery (VATS) or robot-assisted thoracic surgery (RATS)] 
approach (72.4%). Half (50.7%) of all patients were 
operated for cancer. All patients who underwent surgery for 
empyema underwent thoracoscopic or open decortication. 
The overall median length of surgery was 72 minutes, 
major morbidity and mortality occurred in 5.5% and 1.6%, 
respectively. Surgical revision was necessary in 2.5% of 
cases. None of the revisions were due to hemorrhage.

Perioperative transfusion of RBC concentrates

Data on cross-matching and RBC transfusion are shown 
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in Table 2. Preoperative crossmatch was requested in 328 
(86.5%) patients. A total of 28 (7.4%) patients received 
an RBC transfusion. Overall, 916 RBC units were cross-
matched preoperatively, and 68 RBC units were transfused 
between the beginning of surgery and postoperative day 3 
(cross match to transfusion ratio: 13.5). A median number 

of two units were given per patient. Figure 3A shows the 
distribution of units transfused in the study cohort; and the 
timing of transfusion is shown in Figure 3B. Only one case 
was identified in which no cross-matched units had been 
ordered preoperatively yet the patient required perioperative 
RBC transfusion. This patient underwent a minor 
thoracoscopic procedure when intraoperative bleeding from 
the internal thoracic artery occurred, requiring conversion to 
open surgery to control bleeding. Intraoperative transfusion 
of four RBC units was required. No adverse events related to 
the transfusion of RBC concentrates were observed in any of 
the 28 patients in the transfusion group.

Surgical procedures and transfusion rates

Table 3 shows RBC transfusion rates according to surgical 
procedures and other distinct parameters. Higher 
transfusion rates were observed in non-elective (20.2%) 
when compared to elective (2.5%) procedures. Similarly, 
higher transfusion rates were observed in patients who 
underwent open surgery (20.0%) when compared to 
patients operated with a thoracoscopic or robotic-assisted 
approach (2.7%). Patients undergoing lung resections had 
an overall transfusion rate of 2.4% (wedge resection: 1.4%, 
lobectomy: 5.2%), whereas patients undergoing other 
procedures received RBC transfusion in 11.4% of cases. 
Patients undergoing empyema surgery had the highest 

Figure 1 Summary of the study results. Preop HGB, preoperative hemoglobin; RBC, red blood cell.

Surgical procedures
n=501

Study population
n=379

Elective
n=275

Non-elective
n=104

Excluded
Inpatients of other

departments
n=57

Excluded
Small and/or

non-thoracic surgery
n=65

Figure 2 Flowchart of the study population.

Risk factors for red blood cell transfusion
in non-cardiac thoracic surgery

Retrospective study

Independent
risk factors

Transfusion
rates

Entire cohort   7.4%
Lobectomy      5.2%
Non-elective  20.2%
Empyema       44.7%

For RBC transfusion

Thoracic surgeries
Jan-Dec 2021

Elective

275

Non-elective

104

Empyema

P=0.001

Older age

P=0.013

Open 
surgery
P<0.001

Preop 
HGB

P=0.001

The overall rate of RBC transfusion in non-cardiac thoracic surgery is low, especially
for lung resections. Preoperative ordering of blood products should be tailored to

patient-specific risk factors.
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Table 1 Patients and surgical procedures

Variables Values Missing data (n)

Female 173 (45.6) 0

Age (years) 65 [53–74] 0

BMI (kg/m2) 25.4 [22.0–29.6] 22

Malignant disease 192 (50.7) 0

Coagulopathy 11 (2.9) 0

Anticoagulation 74 (19.5) 4

ASA 31

1 3 (0.9) –

2 101 (29.0) –

3 192 (55.2) –

4 52 (14.9) –

Preoperative laboratory data

Hb (13.5–17.5 g/dL) 12.8 [11.1–14.3] 1

Thrombocytes (150–360/nL) 271 [199–359] 2

Leucocytes (×109/L) 7.7 [6.2–9.8] 2

CRP (mg/L) 10.0 [2.5–49.5] 6

Creatinine (mg/dL) 0.8 [0.7–1.0] 2

APTT (25–37 sec) 30.0 [27.8–32.1] 3

INR 1.1 [1.0–1.2] 2

Outcomes of surgery

Length of surgery (min) 72 [44–144] 0

Major morbidity (TM&M ≥3) 15 (5.5) 0

Mortality 6 (1.6) 0

UICC stage (NSCLC) 0

IA1 7 (10.0) –

IA2 20 (28.6) –

IA3 9 (12.9) –

IB 2 (2.9) –

IIA 1 (1.4) –

IIB 5 (7.1) –

IIIA 9 (12.9) –

IIIB 3 (4.3) –

IVA 9 (12.9) –

IVB 5 (7.1) –

Table 1 (continued)

Table 1 (continued)

Variables Values Missing data (n)

R classification (NSCLC) 0

R0 64 (91.4) –

R+ 6 (8.6) –

Data are shown as n (%) or median [IQR]. BMI, body mass 
index; ASA, American Society of Anesthesiologists; Hb, 
hemoglobin; CRP, C-reactive protein; APTT, activated partial 
thromboplastin time; INR, international normalized ratio; TM&M, 
thoracic morbidity & mortality classification; UICC, Union for 
international cancer control; NSCLC, non-small cell lung cancer; 
IQR, interquartile range.

observed transfusion rate (44.7%) and, in turn, a nearly 
10-fold increased risk for transfusion when compared to 
lobectomy. In-hospital mortality was not different between 
patients with and without RBC transfusion (P=0.36).

Risk factors for RBC transfusion

Results of univariable and multivariable analysis are 

Table 2 Data on cross-matching and RBC transfusion

Variables Values Missing data (n)

Patients cross-matched 328 (86.5) 0

Units/patient cross-matched 2 [2–4] 0

Patients transfused 28 (7.4) 0

Units/patient transfused 2 [1–4] 0

Transfusion probability† 8.5 –

Crossmatch/transfusion ratio‡ 13.5 –

Transfusion index§ 0.2 –

Antigens

Rh 271 (82.9) 0

Cw 11 (3.4) 0

Kell 25 (2.6) 0

Antibodies 25 (7.6) 0

Data are shown as n (%) or median [IQR]. †, number of patients 
transfused/number of patients cross-matched ×100; ‡, number 
of units cross-matched/number of units transfused; §, number of 
units transfused/number of patients cross-matched. RBC, red 
blood cell; IQR, interquartile range.



Journal of Thoracic Disease, Vol 15, No 6 June 2023 2931

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2023;15(6):2926-2935 | https://dx.doi.org/10.21037/jtd-22-1581

shown in Table 4. In univariable analysis, surgery for 
empyema (P<0.001), open surgery (P<0.001), lower 
preoperative hemoglobin levels (P<0.001), older patient 
age (P=0.02), higher American Society of Anesthesiologists 
class (P<0.001), non-elective surgery (P<0.001), longer 
operating time (P=0.006), therapy with anticoagulants at 
the time of surgery (P=0.04), higher preoperative levels of 
thrombocytes (P=0.04), leucocytes (P=0.04), and C-reactive 
protein (P<0.001), as well as higher INR values (P=0.001) 
were significantly associated with RBC transfusion. In 
multivariable analysis, surgery for empyema (P=0.001), 
lower preoperative hemoglobin levels (P=0.001), older 
patient age (P=0.013), and open surgery (P<0.001) were the 
only independent risk factors for RBC transfusion.

Cut-off values for independent risk factors

To determine optimal cut-off values for the independent 
predictors “preoperative hemoglobin” and “patient age” 
in multivariable analysis, ROC analyses were performed. 
For preoperative hemoglobin, the highest Youden’s J was 
observed for values <10.4 g/dL with a sensitivity of 82.1% 
and a specificity of 86.3%. The area under the curve was 

0.882 (95.0% CI: 0.810–0.955). The corresponding ROC 
curve is shown in Figure 4. The optimal cut-off value for 
patient age was >76.5 years (sensitivity 39.3%, specificity 
83.5%) with an area under the curve of 0.627 (95.0% CI: 
0.520–0.733). The parameter “length of surgery“ was 
not an independent predictor in multivariable analysis; 

Table 3 Transfusion rates

Variables Values
RBC transfusion 

rate (%)

Calculated cut-off values

Hb (<10.4 g/dL)† 71 (18.8) 32.4

Age (>77 years)† 58 (15.3) 17.2

Length of surgery (>108 min)† 134 (35.4) 12.7

Type of surgery

Open surgery‡ 100 (27.6) 20.0

VATS/RATS 262 (72.4) 2.7

Non-elective 104 (27.4) 20.2

Elective 275 (72.6) 2.5

Redo procedure 18 (4.7) 11.1

Surgical procedures

Lung resections 169 (44.6) 2.4

Lobectomy 58 (15.3) 5.2

Segmentectomy 14 (3.7) 0.0

Pneumonectomy 7 (1.8) 0.0

Wedge resection 70 (18.5) 1.4

Metastasectomy§ 20 (5.3) 0.0

Other procedures 210 (55.5) 11.4

Empyema (decortication) 38 (10.0) 44.7

Mediastinum 23 (6.1) 13.0

Chest wall 28 (7.4) 7.1

Hemothorax 17 (4.5) 5.9

Pleura 62 (16.4) 1.6

Pneumothorax 25 (6.6) 0.0

Other 17 (4.5) 0.0

Data are shown as n (%). †, cut-off values determined by 
ROC analysis; ‡, including conversion; §, precision excision 
(electrocautery or laser assisted). Hb, hemoglobin; VATS, video-
assisted thoracic surgery; RATS, robot-assisted thoracic surgery; 
RBC, red blood cell; ROC, receiver operating characteristic.
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Figure 3 Data on transfusion. (A) Distribution of units transfused; 
(B) timing of transfusion. Of the 21 patients transfused on the 
day of surgery, 95.2% received the first red blood cell concentrate 
intraoperatively. POD, postoperative day.
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Table 4 Risk factors for the perioperative transfusion of RBC 
concentrates in univariable and multivariable analysis

Variables
Univariable Multivariable

P value P value Odds ratio (95.0% CI)

Empyema <0.001* 0.001* 15.708 (3.106–79.450)

Open surgery <0.001* <0.001* 26.413 (5.520–126.373)

Hb <0.001* 0.001* 0.524 (0.358–0.768)

Age 0.02* 0.013* 1.068 (1.014–1.125)

ASA <0.001* 0.2 –

Non-elective 
surgery

<0.001* 0.97 –

Length of surgery 0.006* 0.07 –

Anticoagulation 0.04* 0.59 –

Thrombocytes 0.04* 0.88 –

Leukocytes 0.04* 0.10 –

CRP <0.001* 0.81 –

INR 0.001* 0.31 –

APTT 0.39 – –

Creatinine 0.78 – –

Gender 0.32 – –

BMI 0.53 – –

Coagulopathy 0.57 – –

Redo procedure 0.63 – –

UICC stage 
(NSCLC)

0.92 – –

R classification 
(NSCLC)

>0.99 – –

Blood type 0.44 – –

Asterisks (*) indicate statistical significance. All variables 
with P<0.10 in the univariable analyses were entered into 
the multivariable analysis. In multivariable analysis, only 
empyema, open surgery, Hb and age remained in the model 
as independent prognostic factors. RBC, red blood cell; APTT, 
activated partial thromboplastin time; ASA, American Society 
of Anesthesiologists; BMI, body mass index; CI, confidence 
interval; CRP, C-reactive protein; Hb, hemoglobin; INR, 
international normalized ratio; UICC, Union for International 
Cancer Control; NSCLC, non-small cell lung cancer.
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Figure 4 Receiver operating characteristic curve for the 
determination of an optimal cut-off value for preoperative 
hemoglobin (sensitivity 82.1%, specificity 86.3%, Youden’s 
J=0.684, red marker). Area under the curve 0.882 (95.0% CI: 
0.810–0.955). CI, confidence interval.

however, the best value to separate patients with versus 
those without RBC transfusion was >108 min (sensitivity 
64.3%, specificity 66.4%, AUC 0.655 with a 95.0% CI of 
0.557–0.753).

Discussion

Our study shows current transfusion data in the era of 
minimally invasive surgery in a cohort comprising the 
typical spectrum of modern thoracic procedures (excluding 
esophageal resections and lung transplants). Our data thus 
are most likely representative of many centers in Europe. 
We observed a low overall rate of RBC transfusion of 7.4% 
in the entire cohort, with transfusion rates of 2.5% for 
elective thoracic procedures, 2.4% for lung resections, and 
5.2% for lobectomy. These numbers are significantly lower 
than in several previous studies, where overall transfusion 
rates of 16.1% for thoracic procedures have been observed, 
with up to 23.6% for anatomic lung resections, up to 19.9% 
for lobectomy and up to 25.0% for pneumonectomy (8-11). 
Similarly, previously reported rates for wedge resections 
and chest-wall resections range between 25.0–40.0% 
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but were significantly lower in our cohort (1.4% and 
7.1%, respectively) (9). A more recent study by Latif et al. 
reported a rate of perioperative blood transfusion of 10.2% 
in patients undergoing anatomic lung resection for non-
small cell lung cancer (5). Similarly Byrd et al. observed a 
transfusion rate of 8.5% in all cases with surgery for lung 
cancer within the STS database (16). A large single-center 
retrospective analysis by Abdelsattar et al. investigating a 
cohort of 6,280 patients found an overall transfusion rate 
of 7.1% (17). However, this study reported intraoperative 
blood transfusion only and included a different spectrum 
of surgical procedures and patients (47.7% esophageal 
operations, the majority of those for benign disease). 
Even with the low overall transfusion rate observed in 
this study, we still found high rates in specific subgroups, 
especially in urgent procedures (20.2%) and open surgery 
(20.0%). The highest transfusion rate was observed in 
surgery for empyema, where almost one in two patients 
required blood transfusion (44.7%), a nearly 10-fold higher 
risk when compared to lobectomy. This is not far from 
earlier published data where a transfusion rate of 60.0% 
in patients undergoing decortication was reported (9).  
In a recent STS database analysis, Towe et al. report an 
intra- and postoperative transfusion rate of 26.3% in a 
selected subset of acute empyema patients (parapneumonic 
empyema only, exclusion of patients with chronic empyema 
and malignancy) (18). As a note, we observed a relatively 
high transfusion rate (13.0%) for mediastinal procedures. 
This is plausible as this category consisted mainly of major 
procedures for mediastinal tumor resection or surgical 
management of septic complications of mediastinitis.

Current guidelines on hemotherapy and patient blood 
management advise a more restrictive transfusion policy 
than in the past. This may in part explain the lower 
transfusion rates in our cohort when compared to studies 
from the 1990s or 2000s. However, although several 
national and international guidelines exist, it is known that 
the practice of blood use differs widely between hospitals 
and departments, even today (19). The low transfusion rate 
in our cohort may therefore reflect adequate adherence 
to current hemotherapy guidelines, even if this cannot be 
proven by data provided here. The paradigm shift towards 
minimally invasive surgery like VATS and RATS in the 
past decade might also have contributed to a significant 
reduction in the need for blood transfusion. This is further 
indicated by the high rate of minimally invasive procedures 
in our study population (72.4%, including all non-elective 
operations). Moreover, the increasing implementation 

of enhanced recovery after surgery programs and the 
introduction of patient blood management protocols are 
likely to help limit the need for transfusion in elective 
thoracic surgery (20). The high transfusion rate in non-
elective procedures—especially in patients with empyema—
illustrates a shift in the need for blood products towards 
select high-risk patient populations.

To better identify patients at risk, and as is recommended 
by the recently updated STS guideline on patient blood 
management, we aimed to identify specific risk factors for a 
RBC transfusion event (12). Univariable and multivariable 
analysis revealed surgery for empyema, open surgery, low 
preoperative hemoglobin (<10.4 g/dL) and older patient age 
(>76.5 years) as the only independent risk factors for RBC 
transfusion in our thoracic surgery collective. These risk 
factors reflect those in previous studies on thoracic surgery 
and other surgical fields (10,21,22). When the general risk 
of transfusion is low but specific risk factors predicting 
a high transfusion probability in distinct patients can be 
identified, the still widespread use of maximum surgical 
blood ordering schedules, which specify the number of 
cross-matched units only based on the planned procedure, 
does seem less and less appropriate. Instead, it might be 
advisable to tailor the number of cross-matched units to the 
individual risk of the patient (21,23).

In our study, the crossmatch to transfusion ratio, the 
transfusion probability, and the transfusion index showed 
that the selectivity of our standard operating procedure 
regarding the risk of transfusion was poor and blood usage 
was inefficient. Therefore, it was most likely also not cost-
effective, even if we did not perform a detailed cost analysis. 
Several authors have suggested ways to reduce the number 
of cross-matched units, to perform type and screen only, 
or to completely avoid type and screen in select low-risk 
patients (11,24-26). However, in this study, antibodies 
were detected in 7.6% of type and screen procedures. In 
these patients, the provision of cross-matched units would 
have been delayed in the absence of preoperative type 
and screen. At our institution, the blood bank is located 
outside the building complex with the operating theatres, 
which theoretically can lead to longer transport times for 
blood products. This consideration led to a high number of 
routine crossmatches due to patient safety considerations. 

This study has several limitations. This was a single 
center retrospective analysis, which carries an inherent risk 
of bias and limits the validity of the findings. There may 
be unknown factors that were not assessed, and the study 
population was heterogeneous regarding the type of surgery 
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performed. The number of patients in this study did not 
allow the analysis of all conceivable subgroups. The high 
rate of cross-matched patients in this study resulted from 
institution-specific requirements and cannot be generalized.

Conclusions

The rate of RBC transfusion in non-cardiac thoracic surgery 
has decreased significantly when compared to previous data, 
especially in elective lung resections including lobectomy. 
Transfusion rates remain high in open and urgent surgery, 
particularly in surgery for empyema. Preoperative ordering 
of RBC units should be tailored to patient-specific risk 
factors. Maximum surgical blood ordering based on the 
type of procedure alone seem outdated. For ethical and 
economic considerations, it might be advisable to handle 
preoperative ordering of blood more restrictively.
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