Review Article

Established and potential predictors of blood loss during lung

transplant surgery

Pascal Oechslin', Marco P. Zalunardo', Ilhan Inci’, Martin Schlaepfer**, Bastian Grande

1,4#

'Institute of Anesthesiology, “Departement of Thoracic Surgery, University Hospital Zurich, Zurich, Switzerland; *Institute of Physiology, University

of Zurich, Zurich, Switzerland; *Simulation Center, University Hospital Zurich, Zurich, Switzerland

Contributions: (I) Conception and design: P Oechslin, M Schlaepfer, B Grande; (II) Administrative support: All authors; (III) Provision of study

materials or patients: None; (IV) Collection and assembly of data: None; (V) Data analysis and interpretation: None; (VI) Manuscript writing: All

authors; (VII) Final approval of manuscript: All authors.

*These authors contributed equally for the senior authorship.

Correspondence to: Bastian Grande, MD. Institute of Anesthesiology, University Hospital Zurich, Rimistrasse 100, 8091 Zurich, Switzerland.

Email: bastian.grande@usz.ch.

Abstract: Lung transplantation is an established therapeutic procedure for end stage lung diseases. Its

success may be impaired by perioperative complications. Intraoperative blood loss and the resulting blood

transfusion are among the most common complications. The various factors contributing to increased

blood loss during lung transplantation are only scarcely investigated and not yet completely understood.

This is in sharp contrast to other surgical fields, as in orthopedic surgery, liver transplantation and cardiac

surgery the contributors to blood loss are well identified. This narrative review article aims to highlight the

acknowledged factors influencing blood loss in lung transplantation (such as double vs. single lung transplant)

and to discuss potential factors that may be of interest for further research or helpful to develop strategies

targeting risk factors in order to minimize blood loss during lung transplantation and finally improve patient

outcome.
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Introduction

The first successful lung transplantation has been performed
in 1983 (1). Since then it is the ultimate therapeutic
option for inherited or acquired end stage lung diseases
such as cystic fibrosis (CF), primary pulmonary arterial
hypertension and pulmonary fibrosis, if maximum medical
and surgical strategies fail (2).

Common complications after lung transplantation are
early graft dysfunction (primary graft dysfunction (PGD),
renal failure (3), infections (4) and blood loss (5), the latter
being influenced by various factors in thoracic surgery (6).
Infections and renal failure are not only adverse effects
after lung transplant, but also acknowledged risk factors
for decreased 1-year survival after lung transplantation (7).
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Growing evidence underlines that blood transfusions are
causing adverse effects (8). Patient blood management aims
to minimize allogeneic blood transfusions in order to save
cost and prevent negative consequences (9,10). Examples
for the latter are transfusion-associated circulatory overload
(TACO) (11), PGD (12) and transfusion-related acute
lung injury (TRALI) (13). Nowadays, blood transfusions
are acknowledged to prolong hospital stay and increase
mortality after lung transplantation (14). In addition, the
direct economic effect should not be underestimated as
the cost of one unit of packed red blood cells (PRBC) in
the United States ranges between US$700-1,200 (15).
Therefore, predicting, evaluating, and finally reducing
blood loss in lung transplantation might contribute to lower
cost, reduced morbidity and better survival.
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Predictors of blood loss in other surgical
procedures

Identifying predictors of blood loss is usually not the goal
per se. However, predictors of blood loss may contribute
to make surgery more efficient and finally to reduce the
amount of required transfusions.

Orthopedic surgery

In orthopedic surgery, Park ez 4/. identified male sex,
preoperative autologous blood donations, and a Charlson
comorbidity score of >3 to be independently linked to
an increased perioperative blood loss in both total knee
arthroplasty and total hip arthroplasty (16). In total hip
arthroplasty, regional anesthesia was associated with
reduced blood loss (16). While it is clear, that some of the
predictors mentioned might not be influenced (e.g., the
patient’s gender), others can be adapted easily, for example
the type of anesthesia applied.

Liver surgery

For liver surgery, independent predictors of blood loss
and blood transfusion include preoperative hematocrit,
low platelets, and a high INR (17). Other studies have
described a body mass index (BMI) of >23 kg/m’, low
prothrombin activity amongst others to be predictive
for blood loss (18-20). In particular in orthotopic liver
transplantation, Mangus ez 4/. identified age, MELD (model
of end-stage liver disease) score, preoperative hemoglobin,
initial fibrinogen, initial central venous pressure, and total
anesthesia time as predictors of blood loss (21).

Cardiac surgery

In a retrospective study in cardiothoracic surgery on
cardiopulmonary bypass (CPB), increased BMI, and
preoperative hemoglobin levels were associated with
reduced use of PRBC, whereas a higher EuroSCORE
(European System for Cardiac Operative Risk Evaluation),
longer CPB duration, and a higher fluid balance at 6 hours
after surgery were correlated to an increased use of red
blood cells (22). Intraoperative body temperature had no
impact on red blood cell requirements (22). These findings
might be of particular interest for the numerous patients
undergoing lung transplantation on CPB.
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Predictors of blood loss during lung
transplantation

Lung transplantation is a well-established procedure for
end stage lung diseases and has been studied thoroughly.
However, the predictors of blood loss during the procedure
have not been investigated thoroughly so far.

Triulzi et al. showed that transplantations on CPB,
required more perioperative blood products (23). They
found less transfusion requirements in single-lung
procedures independent of CPB use. This was attributed
to the greater surgical complexity of double compared to
single-lung transplantations. In addition, the use of CBP is
more frequent during double-lung transplant procedures.

Wang and colleagues confirmed the results of Triulzi (23)
and demonstrated less requirement of PRBC, FFP, and
platelets during lung transplantation in single-lung
transplantation (5). Furthermore, they discovered that the
patient’s diagnosis had an impact on the amount of blood
products required. Eisenmenger’s syndrome, a severe
form of pulmonary hypertension, and CF patients more
frequently needed perioperative blood products, partly
because these patients require a double lung transplant.
Moreover, many Eisenmenger’s syndrome and CF patients
have previously undergone cardiac or thoracic surgery,
thus these two subgroups often underwent re-sternotomy;,
which is associated with increased blood loss (24). In the
same study, adhesions have been referred to contribute to
increased blood loss. Vascularized adhesions are common in
CF patients. They are a result of long lasting inflammatory
processes and contribute to a higher blood loss complicating
surgery (6,25).

Many lung-transplant candidates present with low cardiac
output, refractory hypoxemia, and other cardiopulmonary
instabilities. Thus, extracorporeal circulation support
may be quite commonly required in the form of CPB or
extracorporeal membrane oxygenation (ECMO). CPB
during pulmonary transplantation increases the risks of
early graft dysfunction and bleeding (26-28). The impact
of ECMO on blood loss needs to be established. There are
studies that suggest ECMO might provide a better view in
the operation field for the surgeon, and therefore contribute
to less transfusions (29,30), however, there are also
contradictory studies that held ECMO to be responsible for
blood loss and blood transfusion requirements (31), while
other studies do not show any difference between CPB and
ECMO (32). Hence, the role of extracorporeal circulation
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support in blood loss in lung transplantations is not yet
completely understood.

Discussion

Preventing and reducing blood loss decreases morbidity and
mortality in surgery and leads to shorter hospitalization (33).
The resulting economic impact cannot be neglected.

Although survival rates, surgical techniques and
management of bleeding in lung transplantation have
improved over the years and although awareness of severe
adverse effects of allogeneic blood product transfusion
has grown, significant predictors of blood loss have been
sparsely identified.

Double-lung transplant is associated with an extended
use of blood products when compared to single-lung
procedures. This may be a result of longer duration and
augmented complexity of surgery. The underlying disease,
Eisenmenger’s syndrome and CF have also impact on blood
loss, due to the reasons discussed previously. The impact
of extracorporeal circulation support on blood loss remains
contradictory.

Other potential predictors, for instance BMI, preoperative
hemoglobin, hematocrit, INR, total surgical and anesthesia
time, or risk scores such as the Charlson Comorbidity Index
and other important variables of hematology have been
investigated in other settings and should be evaluated for
lung transplant surgery (34).

Once the risk factors are identified, strategies can be
developed, that either target the risk factors or specific steps
of the lung transplant procedure in order to minimize blood
loss and finally improve patient outcome.

Acknowledgements

None.

Footnote

Conflicts of Interest: The authors have no conflicts of interest
to declare.

References

1. Egan TM, Westerman JH, Lambert CJ Jr, et al. Isolated
lung transplantation for end-stage lung disease: a viable
therapy. Ann Thorac Surg 1992;53:590-5; discussion 595-6.

2. Boehler A, Weder W. Lungentransplantation - Indikation,

© Journal of Thoracic Disease. All rights reserved.

10.

11.

12.

13.

14.

15.

16.

17.

jtd.amegroups.com

3847

Vorgehen, Chancen und Probleme. Therapeutische
Umschau 2005;62:468-72.

Jacques E, El-Hamamsy I, Fortier A, et al. Acute renal
failure following lung transplantation: risk factors,
mortality, and long-term consequences. Eur ] Cardiothorac
Surg 2012;41:193-9.

Fishman JA, Issa NC. Infection in organ transplantation:
risk factors and evolving patterns of infection. Infect Dis
Clin North Am 2010;24:273-83.

Wang Y, Kurichi JE, Blumenthal NP, et al. Multiple
variables affecting blood usage in lung transplantation. J
Heart Lung Transplant 2006;25:533-8.

Paradela M, Gonzilez D, Parente I, et al. Surgical risk
factors associated with lung transplantation. Transplant
Proc 2009;41:2218-20.

Russo MJ, Davies RR, Hong KN, et al. Who is the
high-risk recipient? Predicting mortality after lung
transplantation using pretransplant risk factors. ] Thorac
Cardiovasc Surg 2009;138:1234-8.el.

Association ELaI'T. Evolution of the number of L’Ts in
Europe. Available online: http://www.eltr.org/Evolution-
of-L'Ts-in-Europe.html

Goodnough LT, Levy JH, Murphy ME. Concepts of blood
transfusion in adults. Lancet 2013;381:1845-54.
Theusinger OM, Felix C, Spahn DR. Strategies to reduce
the use of blood products: a European perspective. Curr
Opin Anaesthesiol 2012;25:59-65.

Li G, Rachmale S, Kojicic M, et al. Incidence and
transfusion risk factors for transfusion-associated
circulatory overload among medical intensive care unit
patients. Transfusion 2011;51:338-43.

Diamond JM, Lee JC, Kawut SM, et al. Clinical risk factors
for primary graft dysfunction after lung transplantation. Am
J Respir Crit Care Med 2013;187:527-34.

Bux J. Transfusion-related acute lung injury (TRALI):

a serious adverse event of blood transfusion. Vox Sang
2005;89:1-10.

Weber D, Cottini SR, Locher P, et al. Association of
intraoperative transfusion of blood products with mortality
in lung transplant recipients. Perioper Med (Lond)
2013;2:20.

Shander A, Hofmann A, Ozawa S, et al. Activity-based
costs of blood transfusions in surgical patients at four
hospitals. Transfusion 2010;50:753-65.

Park JH, Rasouli MR, Mortazavi SM, et al. Predictors of
perioperative blood loss in total joint arthroplasty. ] Bone
Joint Surg Am 2013;95:1777-83.

Makroo RN, Walia RS, Aneja S, et al. Preoperative

J Thorac Dis 2018;10(6):3845-3848



3848

18.

19.

20.

21.

22.

23.

24.

25.

26.

predictors of blood component transfusion in living donor
liver transplantation. Asian ] Transfus Sci 2013;7:140-6.
Kim MS, Lee JR. Assessment of liver stiffness
measurement: novel intraoperative blood loss predictor?
World J Surg 2013;37:185-91.

Yamamoto Y, Shimada K, Sakamoto Y, et al. Preoperative
identification of intraoperative blood loss of more than
1,500 mL during elective hepatectomy. ] Hepatobiliary
Pancreat Sci 2011;18:829-38.

Mariette D, Smadja C, Naveau S, et al. Preoperative

predictors of blood transfusion in liver resection for tumor.

Am J Surg 1997;173:275-9.

Mangus RS, Kinsella SB, Nobari MM, et al. Predictors of
blood product use in orthotopic liver transplantation using
the piggyback hepatectomy technique. Transplant Proc
2007;39:3207-13.

Vonk AB, Meesters M1, van Dijk WB, et al. Ten-year
patterns in blood product utilization during cardiothoracic
surgery with cardiopulmonary bypass in a tertiary hospital.
Transfusion 2014;54:2608-16.

Triulzi DJ, Griffith BP. Blood usage in lung
transplantation. Transfusion 1998;38:12-5.

Vivacqua A, Koch CG, Yousuf AM, et al. Morbidity of
bleeding after cardiac surgery: is it blood transfusion,
reoperation for bleeding, or both? Ann Thorac Surg
2011;91:1780-90.

Leal S, Sacanell J, Riera J, et al. Early postoperative
management of lung transplantation. Minerva Anestesiol
2014;80:1234-45.

Aeba R, Griffith BP, Kormos RL, et al. Effect of
cardiopulmonary bypass on early graft dysfunction

Cite this article as: Oechslin P, Zalunardo MP, Inci I,

Schlaepfer M, Grande B. Established and potential predictors

of blood loss during lung transplant surgery. J] Thorac Dis
2018;10(6):3845-3848. doi: 10.21037/jtd.2018.05.165

© Journal of Thoracic Disease. All rights reserved.

27.

28.

29.

30.

31.

32.

33.

34.

jtd.amegroups.com

Oechslin et al. Blood loss in lung transplantation

in clinical lung transplantation. Ann Thorac Surg
1994;57:715-22.

Gammie JS, Cheul Lee J, Pham SM, et al. Cardiopulmonary
bypass is associated with early allograft dysfunction but

not death after double-lung transplantation. ] Thorac
Cardiovasc Surg 1998;115:990-7.

Burdett C, Butt T, Lordan J, et al. Comparison of

single lung transplant with and without the use of
cardiopulmonary bypass. Interact Cardiovasc Thorac Surg
2012;15:432-6; discussion 436.

Ko WJ, Chen YS, Lee YC. Replacing cardiopulmonary
bypass with extracorporeal membrane oxygenation in lung
transplantation operations. Artif Organs 2001;25:607-12.
Tus F, Kuehn C, Tudorache I, et al. Lung transplantation
on cardiopulmonary support: venoarterial extracorporeal
membrane oxygenation outperformed cardiopulmonary
bypass. ] Thorac Cardiovasc Surg 2012;144:1510-6.
Bittner HB, Binner C, Lehmann S, et al. Replacing
cardiopulmonary bypass with extracorporeal membrane
oxygenation in lung transplantation operations. Eur ]
Cardiothorac Surg 2007;31:462-7; discussion 467.
Bermudez CA, Shiose A, Esper SA, et al. Outcomes of
intraoperative venoarterial extracorporeal membrane
oxygenation versus cardiopulmonary bypass during lung
transplantation. Ann Thorac Surg 2014;98:1936-42;
discussion 1942-3.

Spahn DR, Goodnough LT. Alternatives to blood
transfusion. Lancet 2013;381:1855-65.

Charlson ME, Pompei P, Ales KL, et al. A new method of
classifying prognostic comorbidity in longitudinal studies:
development and validation. J Chronic Dis 1987;40:373-83.

J Thorac Dis 2018;10(6):3845-3848



