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Abstract

The demographic development suggests a dramatic growth in the number of elderly patients

undergoing surgery in Europe. Most red blood cell transfusions (RBCT) are administered to

older people, but little is known about perioperative transfusion practices in this population.

In this secondary analysis of the prospective observational multicentre European Transfu-

sion Practice and Outcome Study (ETPOS), we specifically evaluated intraoperative trans-

fusion practices and the related outcomes of 3149 patients aged 65 years and older.

Enrolled patients underwent elective surgery in 123 European hospitals, received at least

one RBCT intraoperatively and were followed up for 30 days maximum. The mean haemo-

globin value at the beginning of surgery was 108 (21) g/l, 84 (15) g/l before transfusion and

101 (16) g/l at the end of surgery. A median of 2 [1–2] units of RBCT were administered.

Mostly, more than one transfusion trigger was present, with physiological triggers being pre-

eminent. We revealed a descriptive association between each intraoperatively administered

RBCT and mortality and discharge respectively, within the first 10 postoperative days but

not thereafter. In our unadjusted model the hazard ratio (HR) for mortality was 1.11 (95% CI:

1.08–1.15) and the HR for discharge was 0.78 (95% CI: 0.74–0.83). After adjustment for

several variables, such as age, preoperative haemoglobin and blood loss, the HR for mortal-

ity was 1.10 (95% CI: 1.05–1.15) and HR for discharge was 0.82 (95% CI: 0.78–0.87). Pre-

operative anaemia in European elderly surgical patients is undertreated. Various triggers

seem to support the decision for RBCT. A closer monitoring of elderly patients receiving

intraoperative RBCT for the first 10 postoperative days might be justifiable. Further research

on the causal relationship between RBCT and outcomes and on optimal transfusion strate-

gies in the elderly population is warranted. A thorough analysis of different time periods

within the first 30 postoperative days is recommended.
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Introduction

At the beginning of 2018 the elderly aged 65 years and older accounted for 19.7% of the total

population in Europe. Their share is projected to increase to 28.5% in 2050 [1]. This demo-

graphic development suggests a dramatic growth in the number of elderly patients undergoing

surgical procedures.

In general, anaemia in older patients is common and prevalence rises with age: It was esti-

mated that in the United States more than 10% of adults aged 65 years and older and more

than 20% of adults aged 85 years and older present with anaemia as defined by the World

Health Organization (WHO) [2]. Pre-operative anaemia was identified to be independently

associated with an increased risk of 30-day mortality in non-cardiac surgical patients [3].

In the perioperative setting, where pre-operative anaemia might be accompanied by surgi-

cal blood loss, red blood cell transfusions (RBCT) are commonly applied [4]. Advanced age

has repeatedly been identified as a patient variable associated with perioperative RBCT [5]. A

retrospective cohort study involving 20,930 patients at a tertiary medical centre in the U.S.,

revealed that older patients had 62% greater odds of receiving RBCT in the perioperative

period in comparison to younger patients [6]. Previous findings revealed the majority of

RBCT is given to patients who are aged 65 years and older [7]. Importantly, demographic

changes are also likely to affect supply and demand of RBCT, as the increase of the older age

groups is expected to come along with a decrease of the younger potential donor population

[7].

Despite international transfusion guidelines, variability in perioperative transfusion rates

persists and there is a scarcity of data on the overall transfusion practice in the elderly surgical

cohort [8–11], in particular in the European population. As blood transfusions carry risks, are

costly and their supply is limited, patient blood management principles are imperative [12,

13]. Overall, guidelines recommend a restrictive transfusion regime, which has been proven

safe in most clinical settings [14–18]. On the other hand, some studies have favoured a liberal

regime [11, 19, 20]. It has been discussed whether patients with cardiovascular diseases are less

capable of tolerating anaemia. Based on this assumption, it is argued whether liberal transfu-

sion practices might be beneficial for this risk group [20, 21]. Compensatory mechanisms

might also be reduced in old and frail patients. A recent meta-analysis confirmed favourable

outcomes of a liberal transfusion regime in older patients [11]. Up until now, evidence with

regard to the optimal haemoglobin (Hb) threshold for perioperative RBCT in particular for

the elderly patients is lacking and subject of ongoing research (Liberal Transfusion Strategy in

Elderly Patients [LIBERAL], NCT03369210).

The European Transfusion Practice and Outcome Study (ETPOS) study was a prospective

multi-centre study evaluating general intraoperative transfusion practices throughout Europe

[22]. The present secondary analysis and substudy of the ETPOS data is the first study that

describes perioperative transfusion practice and related outcomes in specifically the elderly

European population undergoing surgical procedures. We assessed triggers for transfusion

and the association of intraoperative RBCT with mortality and discharge from hospital. Our

findings might have an important impact on our daily clinical practice.

Methods

Study design

We performed a secondary analysis of the prospective observational multicentre ETPOS study

[22]. The original study was registered with ClinicalTrials.gov (NCT01604083). The detailed

study design that resulted in the present dataset was published previously [22]. The objective
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of this secondary analysis and subgroup analysis was to assess existing transfusion practices

and related perioperative outcomes in specifically the elderly population in Europe. Though

not pre-specified [22], the decision to perform this study based on the lack of data on transfu-

sion practices particularly in the elderly patient and was planned before the present data analy-

sis. This analysis is reported in concordance with the STROBE statement (S1 Checklist).

Ethics

Following approval from the ethics or regulatory board of each participating centre and

according to the regulatory requirements, a postoperative written informed consent was

obtained or waived for each included patient in the main ETPOS study [22]. A separate ethical

approval for this secondary analysis was not required.

Setting and participants

The original study analysed 5803 patients in 126 European centres during a continuous three-

month period in 2013 [22]. Adult patients who underwent an elective non-cardiac surgery and

received at least one RBCT intraoperatively were included [22]. This manuscript presents a

subgroup analysis specifically for the elderly in Europe: The specific inclusion criterion for this

secondary analysis was the minimum age of 65 years. All data were originally prospectively

collected. Each patient was followed up until discharge or death for 30 days maximum.

Data collection

As previously described in detail, data on patient-, surgery- and transfusion-related character-

istics were collected and managed with OpenClinica open source software, version 3.2. (Copy-

right© OpenClinica LLC and collaborators, Waltham, MA, USA, www.OpenClinica.com)

[22]. An overview of the study protocol is also provided on the ETPOS website [23]. In brief,

information on patient demographics, ASA physical status, duration of anaesthesia, type of

surgery, usage of point of care monitoring, transfusion-related laboratory values at the begin-

ning of surgery, just before transfusion of the first RBCT and at the end of surgery, intraopera-

tive fluid and blood product management as well as reasons for the initial transfusion of at

least one RBCT were collected. Follow-up data of this study comprised length of hospital stay

(LOS), intensive care unit (ICU) length of stay, ventilator hours and mortality until 30 postop-

erative days maximum.

Outcome measures

Our primary aim was to assess existing transfusion practices. We analysed the amount of

RBCT given, transfusion triggers and transfusion-related laboratory values. Pre-operative

anaemia was defined as Hb <120 g/l for women and<130 g/l for men according to the WHO

classification [24]. Further outcome measures were mortality within 30 days after surgery, LOS

and ICU length of stay. A descriptive subgroup analysis was performed for the following three

age groups: 65–74, 75–84 and 85–100 years. We hypothesized that the amount of intraopera-

tive RBCT is independently associated with 30-day mortality and discharge from hospital.

Bias

Given the observational character of this study, ETPOS aimed to minimise selection bias and

provide more generalizable results by consecutive recruitment of all eligible patients during

the three months period.
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Statistical analysis

The statistical analysis of patients aged 65 years and older was carried out on the basis of the

already cleaned and closed ETPOS database [22]. Statistical analysis was performed using R

Core team 3.5.0 (R Foundation for Statistical Computing, Vienna, Austria). With regard to

descriptive statistics of patient-, surgery and transfusion-related characteristics and follow-up

data, categorial variables are presented as number (% of total sample) and continuous variables

as median [IQR] and mean (SD) respectively. Missing information is listed for each variable if

applicable.

Descriptive statistics of RBCT units, including mean, SD, median, IQR, and proportion of

patients receiving <2,2–4,>4 units RBCT, were calculated overall and by surgery types, and

study centers. The association between the amount of RBCT during surgery and discharge

from hospital, as well as death, within 30 days was analysed using Cox proportional hazards

model. The models were built on the basis of complete cases. To model the relative hazard of

outcome, three models were considered for both outcomes: The first model was unadjusted.

The second model was adjusted for age (years), Hb before surgery (g/l), sex (male/female),

ASA (1 and 2; 3; 4 and 5), presence of comorbidities (yes/no), cancer surgery (yes/no), stay in

intensive care unit (ICU) (no/yes-planned/yes-not planned), type of surgery (8 categories) and

random intercepts for center. The third model was additionally adjusted for blood loss

(<500ml, 500-1000ml,�1000ml). Centers were included in the models as random intercepts

assuming a Gaussian distribution. These models were estimated using penalized partial likeli-

hood [25] and the Akaike’s information criteria were calculated. Since model verification sug-

gested that the assumption of proportional hazards for RBCT effect might be unreasonable,

time-varying RBCT effects were modeled using three time periods (0–10 days, >10–20 days,

>20–30 days after surgery).

Results

The ETPOS database provided information on 3157 patients who were 65 years or older. One

patient was excluded as data on RBCT were lacking. Seven further patients with extremely low

Hb values <50g/l prior to surgery were excluded from analysis as this contradicts the principle

of an elective surgery. In total, 3149 patients from 123 centres were analysed (S1 File).

The demographic patient data are presented in Table 1. The mean age of this study popula-

tion was 75.5 (7.2) years. The largest age group was between 65–74 years old. The majority of

patients was classified as ASA 3 or higher. Transfusion relevant comorbidities were mostly car-

diovascular diseases. Most common procedures were orthopaedic or general surgeries. 37% of

surgeries were cancer-related. The median surgical duration was 3.2 [3.2 to 4.8] hours.

Transfusion-related characteristics are specified in Table 2. The median intraoperative

blood loss was 700 [400 to 1350] ml. At the beginning of surgery, the mean Hb was 108 (21) g/l

(median Hb 106 [93 to 123] g/l) and decreased to 84 (15) g/l (median Hb 83 [75 to 92] g/l)

before transfusion. A median of 2 [1–2] units of RBCT were administered. The amount of

RBCT by type of surgery is presented in S1 Fig. An Hb trigger was present in almost 50% of

cases and the mean reported threshold limit was 83 (13) g/l. A physiological trigger was present

in 66% of patients with hypotension being the most frequent. About 30% of patients showed

the combination of an Hb trigger and a physiological trigger or a comorbidity trigger, respec-

tively. Comorbidity alone as a transfusion trigger was reported in almost 10% of patients. At

the end of surgery, the mean Hb was 101 (16) g/l (median Hb 100 [91 to 111] g/l).

Follow-up data are outlined in Table 3. 30-day follow-up data was available for 2891

patients. Patients stayed a median of 13 [7 to 26] days in hospital. Out of the 44% of patients

who were admitted to the ICU, 76% had a planned ICU stay. More than half of all ICU patients
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were ventilated. The median ventilation time at ICU was 23 [7 to 96] hours. Out of the total

sample, 70% of patients were discharged and 7% have died.

The Cox hazard models in Table 4 are based on data of 2777 patients with complete infor-

mation. They demonstrate a descriptive association between each intraoperatively

Table 1. Patient and surgery characteristics.

n = 3149

Patient age; y 75.5 (7.2)

65 to 74 1534 (49%)

75 to 84 1222 (39%)

85 to 100 393 (12%)

Sex

female 1631 (52%)

male 1518 (48%)

Height; cm� 166.3 (9.6)

Weight; kg� 72.5 (15.6)

ASA Class� :

ASA 1, n (%) 34 (1%)

ASA 2, n (%) 863 (27%)

ASA 3, n (%) 1668 (53%)

ASA 4, n (%) 538 (17%)

ASA 5, n (%) 43 (1%)

Anaemia according to WHO classification� 2311 (73%)

female† 1136 (70%)

male† 1175 (77%)

Transfusion relevant comorbidities� 1950 (62%)

Gastro-intestinal 136 (4%)

Haematological 166 (5%)

Pulmonary 193 (6%)

Other 207 (7%)

Renal 223 (7%)

Not specified 607 (19%)

Cardiovascular 1077 (34%)

Type of surgery

Head and Neck 44 (1%)

Thoracic 58 (2%)

Other 66 (2%)

Gynaecological 119 (4%)

Neurological 129 (4%)

Vascular 424 (13%)

Orthopaedic 1086 (34%)

General 1223 (39%)

Cancer-related surgery 1153 (37%)

Surgery duration (hours)� 3.2 [2.1 to 4.8]

Values are presented as a number (% of total sample) or median [IQR] or mean (SD).

�Missing information on 765 patients concerning height, 380 patients concerning weight, 3 patients concerning the

ASA classification, 71 patients concerning Hb-value before surgery, 2 patients concerning transfusion relevant

comorbidities and 1006 patients concerning the surgery duration.
†% of female and male refer to number of total females and males respectively.

https://doi.org/10.1371/journal.pone.0262110.t001
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Table 2. Transfusion related characteristics.

n = 3149

Blood loss

Intraoperative blood loss; ml� 700 [400 to 1350]

Patients with blood loss� 10l 16 (<1%)

Laboratory values

At the beginning of surgery:

Hb; g/l� 108 (21)

INR� 1.1 (0.5)

aPTT; sec.� 31.9 (14.2)

Fibrinogen; mg/dl� 421.7 (163.2)

Platelets; 1000/ml� 260.2 (120.2)

Before transfusion:

Hb; g/l� 84 (15)

INR� 1.4 (0.8)

aPTT; sec.� 41.8 (39.6)

Fibrinogen; mg/dl� 324.9 (172.2)

Platelets; 1000/ml�� 208.1 (116.3)

At the end of surgery:

Hb; g/l� 101 (16)

INR� 1.5 (6.4)

aPTT; sec.� 37.6 (26.2)

Fibrinogen; mg/dl� 317.0 (157.7)

Platelets; 1000/ml� 200.8 (111.7)

Point of care device

Point of care device used� 454 (14%)

RBCT

Units of intraoperative RBCT 2 [1 to 2]

Patients with >25units 7 (<1%)

In age group 65–74 years 2 [1 to 3]

In age group 75–84 years 2 [1 to 2]

In age group 85–100 years 2 [1 to 2]

Intravenous fluids

Crystalloids administered� 3116 (99%)

Crystalloids; ml� 2000 [1000 to 3000]

Colloids administered� 1991 (63%)

Colloids; ml 500 [500 to 1000]

Reasons for transfusion of first RBCT

Triggers present:

Hb trigger present� 1550 (49)

• Hb threshold limit g/l� 83 (13)

Physiological trigger present� 2080 (66%)

• ScO2 decline 41 (1%)

• SvO2 decline 55 (2%)

• Significant ECG changes 96 (3%)

• Arrythmia 168 (5%)

• Increase in lactate 174 (6%)

• Acidosis 178 (6%)

• Other 183 (6%)

(Continued)
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administered RBCT and mortality and discharge, respectively, for the first 10 postoperative

days. After adjustment for age, Hb before surgery, sex, ASA, presence of comorbidities, cancer

surgery, stay in ICU, type of surgery, random intercepts for centres and additionally for blood

loss, the association remained. After the first 10 postoperative days, the association was

attenuated.

Discussion

This secondary analysis of the ETPOS trial yields the first evaluation of transfusion practices in

specifically elderly surgical patients throughout Europe. We found a descriptive association

between each intraoperatively administered RBCT and mortality and discharge, respectively,

within the first 10 postoperative days. In our unadjusted model, the hazard ratio (HR) for mor-

tality was 1.11 (95% CI: 1.08–1.15) and the HR for discharge was 0.78 (95% CI: 0.74–0.83).

After adjustment for 10 variables, the hazard ratios were similar with a HR for mortality of

1.10 (95% CI: 1.05–1.15) and a HR for discharge of 0.82 (95% CI: 0.78–0.87).

We identified a mean Hb value of 84 (15) and a median Hb value of 83 [75 to 92] g/l prior

to the first RBCT. The wide range suggests a variability in general transfusion practice, which

Table 2. (Continued)

n = 3149

• Tachycardia 622 (20%)

• No physiological trigger specified 692 (22%)

• Hypotension 1179 (37%)

Comorbidity trigger present� 1950 (62%)

Bleeding trigger present� 821(26%)

Combinations of triggers

• Hb trigger and physiological trigger present� 870 (28%)

• Hb trigger and comorbidity trigger present� 977 (31%)

• Hb trigger and bleeding trigger present� 56 (2%)

Only one trigger present

• Only Hb trigger present� 277 (9%)

• Only physiological trigger present� 520 (17%)

• Only comorbidity as trigger present� 227 (7%)

• Only bleeding trigger present� 90 (3%)

No trigger listed 15 (<1%)

Values are presented as a number (% of total sample) or median [IQR] or mean (SD).

�Missing information on 23 patients out of 2801 patients with blood loss concerning amount of blood loss; 71

patients concerning Hb at beginning of surgery and 1044 patients before transfusion and 791 patients at the end of

surgery; 667 patients concerning INR at beginning of surgery and 2831 patients before transfusion and 2086 at the

end of surgery; 927 patients concerning aPTT at beginning of surgery and 2863 patients before transfusion and 2096

patients at the end of surgery; 2215 patients concerning fibrinogen at beginning of surgery and 2929 patients before

transfusion and 2406 patients at the end of surgery; 314 patients concerning platelets at the beginning of surgery,

2731 before transfusion and 1695 patients at the end of surgery; 1 patient concerning point of care device used; 4

patients concerning the information if crystalloids administered and 4 patients concerning the amount of

crystalloids; 4 patients concerning the information if colloids were administered, 5 patients concerning the presence

of a Hb trigger; 2 patients concerning the Hb threshold limit, 1 patient concerning the presence of a physiological

trigger, 2 patients concerning the presence of a comorbidity trigger, 9 patients concerning the presence of a bleeding

trigger.

https://doi.org/10.1371/journal.pone.0262110.t002
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has been demonstrated in previous studies [8, 10]. Of note, the mean Hb value at the beginning

of surgery was 108 (21) g/l showing that the average patients in this study were, according to

the WHO definition [24], already anaemic pre-operatively. Altogether, the patient collective in

our study presented a considerably higher prevalence of anaemia than the general elderly pop-

ulation in the United States [2]. As our study assessed only patients who had received one or

more units of RBCT, this is coherent with previous findings that pre-operative anaemia is

Table 3. Follow-up information.

Total n = 3149 Age group 65–74 years

n = 1534

Age group 75–84 years

n = 1222

Age group 85–100 years

n = 393

LOS until day 30; days� 13 [7 to 26] 12 [7 to 24]) 13 [8 to 28] 13 [7 to 29]

Discharge until day 30� 2201 (70%) 1092 (71%) 821 (67%) 288 (73%)

Mortality until day 30� 213 (7%) 91 (6%) 92 (8%) 30 (8%)

• Units of RBCT when survived until day 30 2 [1 to 2] 2 [1 to 2] 2 [1 to 2] 2 [1 to 2]

• Units of RBCT when died until day 30 2 [1 to 4] 2 [1.5 to 4] 2 [1 to 4] 2 [1 to 3]

Admission to ICU† 1378 (44%) 733 (48%) 555 (45%) 90 (23%)

Admission to ICU planned 1047 (33%) 577 (38%) 406 (33%) 64 (16%)

• Units of RBCT when admission was planned 2 [1 to 3] 2 [1 to 3] 2 [1 to 2] 2 [1 to 2]

Admission to ICU unplanned 331 (11%) 156 (10%) 149 (12%) 26 (7%)

• Units of RBCT when admission was

unplanned

2 [1 to 4] 2 [1 to 3] 2 [1 to 4] 2 [1 to 2.75]

Ventilation at ICU 749 (24%) 406 (26%) 297 (24%) 46 (12%)

• Hours of ventilation at ICU‡ 23 [7 to 96] 22 [7 to 90] 24 [7 to 135] 18 [6 to 45.5]

Values are presented as a number (% of total sample or % of total age group) or median [IQR].

�Length of hospital stay, discharge and mortality until 30 days is based on available follow-up data on 2891 patients.
†267 patients had missing information.
‡1 patient had missing information.

https://doi.org/10.1371/journal.pone.0262110.t003

Table 4. Cox hazard models.

Association HR (95% CI) per unit of RBCT 0–10 days >10–20 days >20–30 days

Units of RBCT and relative risk of discharge:

unadjusted 0.78 (0.74–0.83) 0.96 (0.85–1.08) 0.95 (0.84–1.08)

adjusted� 0.83 (0.78–0.88) 0.99 (0.88–1.11) 0.99 (0.88–1.11)

additionally adjusted† 0.82 (0.78–0.87) 0.99 (0.88–1.11) 0.98 (0.87–1.11)

Units of RBCT and relative risk of mortality:

unadjusted 1.11 (1.08–1.15) 1.05 (0.94–1.17) 0.99 (0.85–1.16)

adjusted� 1.10 (1.05–1.15) 1.02 (0.90–1.15) 0.95 (0.80–1.13)

additionally adjusted† 1.10 (1.05–1.15) 1.02 (0.90–1.16) 0.96 (0.80–1.14)

�adjusted for age (years), Hb (g dl-1), sex, ASA (1 and 2; 3; 4 and 5), presence of comorbidities (yes/no), cancer

surgery (yes/no), stay in ICU (no/yes-planned/yes-not planned), type pf surgery, random intercepts for centres.
†additionally adjusted for blood loss (<500ml, 500-1000ml,�1000ml).

Models are based on data of 2777 patients with complete information. Number of events (censored observations) in

the three time periods concerning association between RBCT and LOS are 1028 (126), 690 (54), and 402 (477),

respectively. AIC are 30740 for the unadjusted model, 30104 for the adjusted and 30108 for the additionally adjusted

model. Number of events (censored observations) in the three time periods concerning the association between

RBCT and mortality are 118 (1036), 49 (695), and 30 (849), respectively. AIC are 2919 for the unadjusted model,

2742 for the adjusted and 2743 for the additionally adjusted model.

https://doi.org/10.1371/journal.pone.0262110.t004
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associated with perioperative RBCT [5]. Also, anaemia in the elderly often occurs in the con-

text of chronic diseases [26], which is reflected in the high number of patients with transfusion

relevant comorbidities (62%) and classification of� ASA 3 (71%) in our study. One third of

the patients in this study underwent cancer-related surgery, which might be a further reason

for the high prevalence of pre-operative anaemia [27]. Thus, it seems that the full potential

concerning measures to optimize Hb values pre-operatively has not yet been realized. In gen-

eral, guidelines recommend early diagnosis and treatment of pre-operative anaemia and useful

diagnosis and treatment algorithms have been published [28–31].

Even though we analysed only patients who received at least one RBCT intraoperatively,

the median blood loss of 700 [400 to 1350] ml is noteworthy, but was not further analysed in

this study. Future studies should investigate which strategies to minimize intraoperative blood

loss are in place and what can be further optimized. A comparison between age groups, surgi-

cal subgroups, within different countries and continents may yield valuable information.

Regarding transfusion triggers, we found that frequently more than one trigger backed the

decision for RBCT with emphasis on physiological transfusion triggers. The high number of

unavailable laboratory values before transfusion indicates most likely that these were not mea-

sured. Rather, anaesthesiologists substantiate the decision to administer RBCT intraoperatively

on a variety of factors as shown in Table 2. Guidelines have underlined that an Hb value alone

cannot replace clinical evaluation and emphasized the importance of an individual patient

assessment [14, 29, 32]. Our results indicate that European intraoperative RBCT regimes for

elderly patients are taking this perspective into account.

In our study, the overall 30-day mortality rate was 7%. To our knowledge, data on all cause

postoperative 30-day mortality in the elderly population in Europe is scarce and subject of

ongoing research (Periinterventional Outcome Study in the Elderly [POSE], NCT03152734).

In the US, Hamel and colleagues found that 30-day all-cause mortality in patients�80 years

undergoing elective as well as emergent surgery within the Veterans Affairs National Surgical

Quality Improvement Project was 8%. However, the authors acknowledged that the mortality

was<2% for many commonly performed procedures [33]. Another retrospective cohort study

from the U.S. showed that among 239,286 American veterans, RBCT were associated with a

lower 30-day mortality among elderly patients undergoing major non-cardiac surgery, if there

was substantial blood loss or low preoperative haematocrit levels. However, if pre-operative

haematocrit levels were elevated or blood loss was below 500 ml, mortality was increased [34].

In a retrospective analysis of more than 10,000 American surgical patients with severe anae-

mia, intraoperative RBCT was associated with a higher risk of mortality and morbidity, even

though the reasons for these findings remained unclear [35]. The comparison of our mortality

rate to previous research is hampered by the differences in surgical procedures and patient col-

lectives as well as in follow up procedures. However, our results demonstrate that the HR for

mortality after intraoperative RBCT in the investigated elderly European population is

increased within the first 10 days after surgery, yet this association does not prevail after these

days.

It is important to note that many other studies only evaluated 30-day mortality. Our results

indicate that it may be appropriate to evaluate different time periods within the first 30 postop-

erative days. In general, several cohort studies reported increased mortality and LOS after

RBCT [36]. Of note, in patients with cancer undergoing curative surgery, RBCT have also

been associated with increased risk of death and relapse [37].

Ducrocq and colleagues found that in patients with acute myocardial infarction and anae-

mia a restrictive transfusion strategy was non-inferior to a liberal transfusion strategy with

respect to major adverse cardiovascular events [18]. The median age of the studied population

was 77 years. It was pointed out, that the confidence interval, however, included what may be a
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clinically important harm [18]. Mazer and colleagues found that in cardiac surgical patients

aged 75 years and older, who were at moderate-to-high risk for death, a restrictive transfusion

strategy was associated with a lower risk of the composite outcome than a liberal transfusion

strategy [17]. Our study was not adequately designed to draw valuable conclusions for this sub-

group. To date, it is subject of ongoing research why exactly RBCT have been shown to be

associated with adverse outcomes. Immunomodulating effects of RBCT, lesions of red blood

cells due to storage duration, and increased platelet reactivity have been discussed [36, 38].

In contrast, a recent systematic review and meta-analysis found that a restrictive transfusion

regime even increased the risks of cardiovascular events irrespective of pre-existing cardiovas-

cular disease in patients undergoing hip fracture surgery [39]. Another meta-analysis reported

improved survival for perioperative adult patients receiving a liberal blood transfusion strategy

[19].

Simon and colleagues evaluated nine randomized controlled trials in which a substantial

proportion of patients was older than 65 years. They identified a higher 30-day mortality risk

in elderly patients following a restrictive transfusion strategy than a liberal transfusion regime

[11]. Concerning LOS, however, no relation to transfusion strategy was found [11]. If the older

population benefits from a higher transfusion threshold is currently being investigated in a

prospective multicentre trial (Liberal Transfusion Strategy in Elderly Patients [LIBERAL],

NCT03369210). This study will also provide insights into how the administration of a median

of 2 [1–2] units of intraoperative RBCT and the relatively high Hb value at the end of surgery

in our study population should be evaluated. Given the altered physiological status in elderly

patients as well as the high prevalence of comorbidities also found in our study, it is essential

to conduct further research in this age group, particularly in face of the demographic changes.

Finally, it is important to keep in mind that the association between intraoperatively admin-

istered RBCT and mortality as well as discharge, found in our study, is descriptive and does

not prove causality. Some scientists have pointed to confounding aspects referring to the argu-

mentation that sicker patients receive blood transfusion more frequently, but are per se also

more likely to die; and that surgical patients with relevant blood loss and hence more RBCT

are more likely to have worse outcomes, accordingly [35, 40]. In order to limit for possible

confounders the Cox hazards model in this study was adjusted for several variables, such as

ASA and blood loss. However, there might be confounding aspects that we have not consid-

ered. E.g., it would have been desirable to address further possible confounders, such as surgi-

cal approach (open versus minimally invasive) or intraoperative complications other than

massive acute bleeding, but this information was not available in the ETPOS database. Other

observational studies have provided a more detailed analysis for the association between

RBCT and mortality in the surgical population taking more potential confounders into consid-

eration [34, 35]. Ultimately, randomized controlled interventional trials are needed to shed

light on the causal relationship.

Even though data was originally collected prospectively, the retrospective design of this sec-

ondary analysis presents a major limitation. Our analysis relied on the data available in the

closed ETPOS database, which precluded retracing of a relatively high number of patients with

missing transfusion-related and follow-up information. Thus, we cannot exclude an attrition

bias. Further, we were unable to verify abnormal data with former study centres.

Furthermore, information on clinically relevant outcomes such as pulmonary, cardiac,

renal or cognitive status, would have been of interest, but were not investigated in the original

ETPOS study. However, the presence of these postoperative complications might lead to lon-

ger LOS, which has been assessed.

A considerable disadvantage of the ETPOS study protocol was that patients were only fol-

lowed up until death or discharge for a maximum of 30 days. Hence, information on mortality
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or time in hospital of patients, who died or who were readmitted after the initial discharge,

was not available for this analysis.

The analysed patient cohort presents an elderly population undergoing a range of elective

surgical procedures in different centres. As aging occurs at individual rates and the pre-exist-

ing conditions differ widely, older patients present a vastly inhomogeneous group [41, 42].

Thus, generally extrapolating findings to one specific patient is particularly critical in studies

examining the elderly population and the importance of an individual patient evaluation can-

not be emphasized enough. Noteworthy, however, the association between each intraoperative

RBCT and mortality and discharge within the first 10 postoperative days persisted even after

taking several individual preconditions into account.

The data for this study was collected in 2013. Within the course of the last years, PBM prin-

ciples and point-of-care-testing may have been intensified and led to a decreased demand for

intraoperative RBCT. Further, several randomized controlled trials, which point towards non-

inferiority of a restrictive regime, have been published since then [17, 18]. Nevertheless, to our

knowledge, since ETPOS, no newer study analysed intraoperative European transfusion prac-

tices. Hence, this substudy of the ETPOS dataset on specifically patients aged�65 years pres-

ents the only available evidence on transfusion practices and related outcomes in specifically

the growing elderly surgical population in Europe. It would be of great interest for future stud-

ies to investigate the influence of PBM and point-of-care-testing on daily clinical practice and

patient outcomes throughout Europe today. Interestingly, even though the data for this study

was collected in 2013, important principles of today’s transfusion guidelines have already been

considered. Of note, guidelines available at that time had already underlined the importance of

the clinical situation of the individual patient and it seems that only a minority of anaesthesiol-

ogists in our study transfused RBCT based solely on the Hb-value whereas in most cases more

than one transfusion trigger was present [43–45].

Altogether, future prospective, randomized trials are needed to further examine the effect

of intraoperative RBCT on mortality and discharge from hospital in the elderly surgical popu-

lation. Concerning these future studies, our results indicate that a thorough and detailed inves-

tigation of different time periods within the first 30 postoperative days is essential. Further, an

assessment of differences between younger and older patients with regard to transfusions prac-

tices and outcomes is recommended. For now, transferred to daily clinical practice, our data

might warrant a closer monitoring of elderly patients who received intraoperative RBCT for

the first 10 postoperative days.

Conclusion

This secondary analysis of the ETPOS trial assessed intraoperative transfusion practices and

related outcomes in specifically the elderly European surgical population. We revealed a mean

Hb value at the beginning of surgery of 108 (21) g/l, 84 (15) g/l before transfusion and 101 (16)

g/l at the end of surgery. A median of 2 [1–2] units of RBCT were administered intraopera-

tively. Besides the Hb value and comorbidities, physiological transfusion triggers play a major

role for intraoperative RBCT, suggesting that an individual patient evaluation was taken into

account. Transferred to daily clinical practice, our results indicate that pre-operative anaemia

in older surgical patients throughout Europe is undertreated. Our findings demonstrate a

descriptive association between each intraoperatively administered RBCT and mortality and

discharge, respectively, within the first 10 postoperative days. A closer monitoring of elderly

patients receiving intraoperative RBCT for this time period might be justifiable. Further

research on the causal relation between RBCT and outcomes and on optimal transfusion strat-

egies for specifically the elderly population is warranted. A thorough time-related analysis of
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different time periods within the first 30 postoperative days is recommended for future studies

assessing transfusion practices.

Supporting information

S1 Checklist. STROBE checklist.

(DOCX)

S1 File. Flow chart.

(DOCX)

S1 Fig. Transfusion by type of surgery.

(DOCX)

Acknowledgments

We would like to thank the European Society of Anaesthesiology and Intensive Care (ESAIC)

for their administrative support and all the investigators for their efforts in the data collection

process. We would like to thank Prof. Dr. Jens Meier (Linz, Austria) for his insightful explana-

tions with regard to the original study.

We would like to thank all ETPOS collaborators:

ETPOS Collaborators

Leadership for the collaborators: European Society of Anaesthesiology and Intensive Care

(ESAIC), E-mail: research@esaic.org

Steering Committee:

Prof. Dr. Daniela Filipescu (Emergency Institute of Cardiovascular Disease, Bucharest,

Romania)

Prof. Dr. Sibylle Kozek Langenecker (EKH Evangelic Hospital Vienna, Department of

Anesthesiology and Intensive Care Medicine, Vienna, Austria)

Prof. Dr. Juan V. Llau Pitarch (Hospital Clı́nico Universitario de Valencia, Department of

Anesthesiology and Intensive Care Medicine, Valencia, Spain)

Dr. Susan Mallett (Royal Free London NHS Foundation Trust, London, United Kingdom)
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