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Lahtinen, Sanna, Complications, quality of life and outcome after free flap surgery
for cancer of the head and neck. 
University of Oulu Graduate School; University of Oulu, Faculty of Medicine; Oulu University
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Acta Univ. Oul. D 1501, 2019
University of Oulu, P.O. Box 8000, FI-90014 University of Oulu, Finland

Abstract

Free flap surgery (FFS) is used for the reconstruction of head and neck defects after tumor
resection. Compared to many other cancers requiring operative care, postoperative complications
are frequent and the long-term outcome is poor in this patient group. The impact of postoperative
complications on outcome, quality of life (QOL) and causes of death has not been well studied.

The aim of this thesis was to study the factors associated with postoperative complications after
FFS for cancer of the head and neck, as well as the impact of complications on QOL and long-term
outcomes. The thesis includes one prospective and three retrospective studies. The study
population was 146 head and neck patients undergoing FFS in Oulu University Hospital from
2008 to 2016.

The impact of goal-directed fluid management using SVV (stroke volume variation) analysis
on postoperative outcome was evaluated retrospectively. It led to a significant reduction in
intraoperative fluid administration (6070 ml vs. 8185 ml) and length of stay (LOS) in hospital
(11.5 vs. 14.0 days) but had no impact on the rate of postoperative complications. Postoperative
complications were recorded in 60% of the patients and were related to alcohol abuse, complicated
intraoperative course and fibular flap surgery. The patients with late complications (occurring
after the fourth postoperative day) had higher mortality compared to those without. The QOL of
53 patients undergoing operations during 2013-2016 was evaluated using four questionnaires.
Patients with medical complications (n=12, 22.6%) had significantly lower QOL in most domains
of RAND-36 but QOL for those without complications was comparable to the general population.
A total of 62/146 patients (42.5%) died by the end of 2016, and in 72.6% of cases the cause of
death was the primary disease. In multivariate analysis male gender, low BMI, ASA above 2 and
late medical complications were indicative for long-term mortality.

In conclusion, postoperative complications have an impact on outcome after FFS for cancer of
the head and neck in terms of QOL and long-term mortality. Patient-related factors were
associated with unfavorable outcomes when intraoperative factors did not have as significant a
role. Prevention of medical complications and adequate patient selection are essential when
aiming to improve outcome after FFS.

Keywords: cancer of the head and neck, causes of death, free flap surgery, mortality,
outcome, postoperative complications, quality of life
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Tiivistelmä

Mikrovaskulaarikielekkeitä käytetään korjaamaan kasvaimen poiston vuoksi syntyneitä kudos-
puutoksia pään ja kaulan alueen syöpäpotilailla. Näihin toimenpiteisiin liittyy merkittävä komp-
likaatioriski ja myös itse syövän pitkäaikaisennuste on huono. Komplikaatioiden vaikutusta toi-
pumisvaiheen elämänlaatuun ja kuolleisuuteen ei ole tutkittu.

Tämän väitöskirjatyön tavoitteena oli selvittää tekijöitä, jotka liittyvät leikkauksen jälkeisiin
komplikaatioihin, ja niiden merkitystä potilaiden elämänlaatuun ja pitkäaikaisennusteeseen. Tut-
kimuskokonaisuus koostuu kolmesta retrospektiivisestä tutkimuksesta ja yhdestä prospektiivi-
sesta haastattelututkimuksesta. Tutkimukseen kuului 146 vuosina 2008–2016 Oulun yliopistolli-
sessa sairaalassa leikattua pään ja kaulan alueen syöpäpotilasta.

Tutkimuksessa selvitettiin tavoiteohjatun nestehoidon vaikutusta välittömään toipumisvai-
heeseen, mutta tällä ei todettu olevan vaikutusta komplikaatioiden ilmaantumiseen. Sen sijaan
potilaiden saama nestemäärä väheni merkitsevästi (6070 ml vs. 8185 ml) ja sairaalahoitojakson
pituus lyheni (11,5 päivää vs. 14 päivää). Komplikaatioita todettiin 60 % leikkauksista ja useim-
min komplikaation sai potilas, jolla oli alkoholin liikakäyttöä, ongelmia toimenpiteen aikana ja
luullinen siirre. Neljännen leikkauksen jälkeisen päivän jälkeen ilmenneisiin komplikaatioihin
liittyi korkeampi pitkäaikaiskuolleisuus. Elämänlaatu arvioitiin 53 potilaalta, jotka oli leikattu
vuosina 2013–2016. Ei-kirurgisia komplikaatioita esiintyi 12 potilaalla ja heidän raportoimansa
elämänlaatu oli merkitsevästi alentunut verrattuna muihin potilaisiin. Ilman komplikaatioita toi-
puneiden elämänlaatu oli verrattavissa väestöarvoihin. 42,5 % leikatuista potilaista oli kuollut
vuoden 2016 loppuun mennessä ja 72,6 % heistä kuolema johtui hoidetusta syövästä. Moni-
muuttujamallissa pitkäaikaiskuolleisuuden riskitekijöitä olivat miessukupuoli, matala BMI,
ASA-luokka yli 2 sekä todetut ei-kirurgiset komplikaatiot.

Yhteenvetona voidaan todeta, että komplikaatioilla on merkitystä toipumisvaiheen elämän-
laatuun ja pitkäaikaiskuolleisuuteen tässä potilasryhmässä. Potilaslähtöiset tekijät vaikuttavat
merkittävästi komplikaatioiden ilmaantumiseen ja myös huonoon ennusteeseen. Ei-kirurgisten
komplikaatioiden estäminen kuten myös oikea potilasvalinta ovat keskeisessä asemassa, kun
tämän potilasryhmän hoidon tuloksia halutaan parantaa.

Asiasanat: elämänlaatu, komplikaatiot, kuolemansyy, kuolleisuus, mikrovaskulaari-
kielekekirurgia, pään ja kaulan alueen syöpä





 

To my family  
 

and  
 

for all those whom this may concern  
  



8 

 



9 

Acknowledgements 
This study was carried out at the Department of Anesthesiology at Oulu University 

Hospital during 2016-2018 in association with the Department of 

Otorhinolaryngology of Oulu University Hospital.  

First and foremost, I wish to express my sincere gratitude to my main 

supervisor, Docent Janne Liisanantti, MD, PhD, who has patiently guided me into 

the strange world of scientific research, and finally made me familiar with it. His 

quick and straightforward way to respond to my problems and questions as well as 

his constant belief in me and my ability to make this thesis have been very 

important to me. Without him and his positive and energetic attitude this project 

wouldn’t have been possible to succeed. 

Likewise, I am also very grateful to my co-supervisor, Docent Petri Koivunen, 

MD, PhD. He has always found time to my questions, also during our every-day 

work in the operating room. He has given a view of head and neck surgeon to this 

study and his practical suggestions and advices as well as positive attitude to this 

project, have been very important to me. I am also very thankful to my other co-

supervisor, Professor Tero Ala-Kokko, MD, PhD, for his guidance during this study. 

His professionalism and broad knowledge of scientific research have been very 

valuable for this thesis. 

I am deeply grateful to my co-author, Docent Päivi Laurila, MD, PhD. She was 

the one who believed in me in the very beginning when I had only a minor idea of 

this thesis. Despite all her responsibilities, she always found time for this project. I 

also wish to thank my co-author, Docent Outi Kaarela, MD, PhD, for very positive 

and encouraging attitude during this project. I also express my warm thanks to my 

co-author and soul-sister, my ”mental supervisor”, Meri Poukkanen, MD, PhD, 

who has shared my moments of desperation and joy – not only during this project 

but in every aspect of life. I am also very grateful to Pasi Ohtonen, MSc, for all his 

advices on statistics and input in the articles.  

I warmly thank the official reviewers of this thesis, Hanna Tuominen-Salo, MD, 

PhD and Docent Paula Mustonen, MD, PhD. Their valuable and constructive 

comments have really helped me improve the thesis. I am also thankful to Dr John 

Braidwood for revising the English language of this thesis. 

I also wish to thank Professor Seppo Alahuhta, MD, PhD, for all the help I 

have received. My warm thanks also go to the members of my follow-up group 

(Docent Jouko Laurila, MD, PhD, Samuli Hannula MD, PhD and Merja Vakkala 



10 

MD, PhD). The atmosphere in the meetings has been very good, and their support 

has been important to me.  

I express my warm thanks to Sinikka Sälkiö, R.N. and Mirkka Jylhä, R.N. and 

physiotherapist Virpi Keränen, for their valuable help and work during this project. 

My warm thanks go especially to all the staff of the Operative Unit of Head and 

Neck Surgery and my former chief Salli Pätsi, MD, and also all my colleagues in 

the Department of Anesthesiology for the friendly and supportive working 

atmosphere. 

I also want to thank my dear friends and colleagues Eero, Elina, Hanna, Janne, 

Katti, Kristo, Mari, Mike, Risto, Sampsa, Seija and Tiina for all those special 

moments we have shared in work and in leasure. I am also very grateful to my 

parents Irma and Matti Kakko for all their support for me and my family in our 

every-day life during these years. My sister Suvi and my brother Juha likewise my 

dear friends Minna and Mika with their families also deserve special thanks 

for ”just being available”.  

Lastly, my deepest thanks go to my beloved family; Jarmo, Juho, Riikka and 

Hanna. Without your support, understanding, help and patience this wouldn’t have 

been possible. You are the most precious thing in my life. 

This study was financially supported by grants provided by the Foundation of 

Medical Research in Oulu, The Finnish ORL-HNS Foundation, The Paulo 

Foundation and the Finnish Society of Anaesthesiologists, all which are gratefully 

acknowledged. 

Oulu December 2018 Sanna Lahtinen  



11 

Abbreviations 
AKI acute kidney injury 

ALT anterolateral thigh 

AMI acute myocardial infarction 

ASA American Society of Anesthesiologists 

BMI body mass index 

CCI Charlson Comorbidity Index 

CI cardiac index 

CO cardiac output 

CT computed tomography 

DVT deep venous thrombosis 

ECG electrocardiogram 

EORTC European Organization for Research and Treatment of Cancer 

EQ-5D EuroQol-5 Dimension 

ERAS Enhanced recovery after surgery 

FACTG-HN Functional Assessment of Cancer Therapy General and Head and 

Neck Questionnaire 

FFS  free flap surgery 

HADS Hospital Anxiety and Depression Scale 

HNC cancer of the head and neck 

HPV Human papilloma virus 

HR heart rate 

ICU intensive care unit 

KDIGO Kidney Disease: Improving Global Outcome 

LA lateral arm 

LD latissimus dorsi 

LOS  length of stay 

MAP mean arterial pressure 

MDADI M.D. Anderson Dysphagia Inventory 

NIRS near-infrared spectroscopy 

PE pulmonary embolism 

QOL quality of life 

RAND-36 RAND 36-item Short-Form Health Survey 

RCT randomized controlled trial 

RFA radial forearm 

SAP systolic arterial pressure 



12 

SIRS systemic inflammatory response syndrome 

SOFA Sequential Organ Failure Assessment  

SV stroke volume 

SVV stroke volume variation 

SWAL-QOL Swallowing Quality of Life Questionnaire 

TIVA total intravenous anesthesia 

UW-QOL University of Washington Quality of Life Questionnaire 

WHO World Health Organization 



13 

List of original publications  
This thesis is based on the following publications, which are referred to throughout 

the text by their Roman numerals:  

I  Lahtinen, S., Liisanantti, J.H., Poukkanen, M., & Laurila P. (2017). Goal-directed fluid 
management in free flap surgery for cancer of the head and neck. Minerva 
Anestesiologica. 83(1):59-68. 

II  Lahtinen, S., Koivunen, P., Ala-Kokko, T., Kaarela, O., Ohtonen, P., Laurila, P., & 
Liisanantti, J.H. (2018). Complications and outcome after free flap surgery for cancer 
of the head and neck. British Journal of Oral and Maxillofacial Surgery. 56(8):684-691. 

III  Lahtinen, S., Koivunen, P., Ala-Kokko, T., Kaarela, O., Ohtonen, P., Laurila, P., & 
Liisanantti, J.H. (2018) Quality of life after free flap surgery for cancer of the head and 
neck in patients with or without postoperative complications. European Archives of 
Oto-Rhino-Laryngology. 275(10):2575-2584 

IV  Lahtinen S., Koivunen, P., Ala-Kokko, T., Kaarela, O., Ohtonen, P., Laurila, P., & 
Liisanantti, JH. (2018) Short-term and long-term mortality and causes of deaths after 
free flap surgery for cancer of the head and neck. British Journal of Oral and 
Maxillofacial Surgery. doi: 10.1016/j.bjoms.2018.12.004 

  



14 

 



15 

Contents  
Abstract 

Tiivistelmä 

Acknowledgements 9 
Abbreviations 11 
List of original publications 13 
Contents 15 
1 Introduction 19 
2 Review of the literature 21 

2.1 Free flap surgery (FFS) in head and neck cancer .................................... 21 
2.2 Indications ............................................................................................... 21 
2.3 Operative technique ................................................................................ 22 

2.3.1 Flaps ............................................................................................. 23 
2.4 Perioperative care .................................................................................... 25 

2.4.1 Anesthesia management ............................................................... 25 
2.4.2 Fluid management ........................................................................ 26 
2.4.3 Use of vasoactive medication ....................................................... 27 
2.4.4 Initial postoperative care .............................................................. 27 

2.5 Complications ......................................................................................... 28 
2.5.1 Onset of postoperative complications ........................................... 29 
2.5.2 Surgical complications ................................................................. 29 
2.5.3 Medical complications.................................................................. 30 

2.6 Quality of life (QOL) .............................................................................. 31 
2.6.1 Methods to assess QOL ................................................................ 31 
2.6.2 Global QOL following FFS for cancer of the head and 

neck .............................................................................................. 33 
2.6.3 Physical functioning ..................................................................... 34 
2.6.4 Psychosocial well-being following FFS for cancer of the 

head and neck ............................................................................... 34 
2.7 Mortality and causes of death after FFS for cancer of the head 

and neck .................................................................................................. 35 
2.7.1 Short-term mortality ..................................................................... 35 
2.7.2 Long-term mortality ..................................................................... 36 
2.7.3 Causes of death ............................................................................. 36 

3 Aims of the study 39 

 



16 

4 Material and methods 41 
4.1 Patients .................................................................................................... 41 
4.2 Methods ................................................................................................... 42 
4.3 Goal directed fluid management (I) ........................................................ 42 
4.4 Postoperative complications (I, II, III) .................................................... 43 
4.5 Instruments for measuring QOL (III) ...................................................... 44 

4.5.1 RAND-36 (The RAND 36-Item Short-Form Health 

Survey) ......................................................................................... 45 
4.5.2 EORTC QLQ-C30 (European Organization for Research 

and Treatment of Cancer (EORTC) Quality of Life 

Questionnaire) .............................................................................. 45 
4.5.3 EORTC QLQ-H&N35 .................................................................. 46 
4.5.4 UW-QOL (The University of Washington Quality of Life 

Questionnaire) .............................................................................. 46 
4.5.5 Physical status .............................................................................. 47 

4.6 Mortality and causes of death (IV) .......................................................... 47 
4.7 Ethics ....................................................................................................... 47 
4.8 Statistical analysis ................................................................................... 48 

5 Results 49 
5.1 Summary of the main results ................................................................... 49 
5.2 Goal-directed fluid management (I) ........................................................ 49 
5.3 Postoperative complications (II) ............................................................. 50 
5.4 QOL (III) ................................................................................................. 53 

5.4.1 General QOL ................................................................................ 53 
5.4.2 Disease-specific QOL ................................................................... 53 
5.4.3 Complications and QOL ............................................................... 54 

5.5 Six-minute walk test and hand grip strength test .................................... 55 
5.6 Mortality and causes of deaths (IV) ........................................................ 55 

5.6.1 Survival ........................................................................................ 55 
5.6.2 Short-term mortality ..................................................................... 56 
5.6.3 Long-term mortality ..................................................................... 57 
5.6.4 Causes of deaths ........................................................................... 58 

6 Discussion 59 
6.1 Main findings of the thesis ...................................................................... 59 
6.2 Strengths and generalizability of the results ............................................ 59 
6.3 Study population ..................................................................................... 60 
6.4 Goal-directed fluid management (I) ........................................................ 61 



17 

6.5 Postoperative complications (II) ............................................................. 61 
6.5.1 Onset of complications ................................................................. 62 

6.6 QOL (III) ................................................................................................. 62 
6.6.1 General QOL after FFS ................................................................ 62 
6.6.2 Disease-specific QOL after FFS ................................................... 63 
6.6.3 Postoperative complications and QOL ......................................... 63 

6.7 Mortality (IV) .......................................................................................... 65 
6.7.1 Short term mortality ..................................................................... 65 
6.7.2 Long-term mortality ..................................................................... 66 
6.7.3 Causes of deaths ........................................................................... 66 

6.8 Limitations of the thesis .......................................................................... 67 
6.9 Clinical impact ........................................................................................ 68 
6.10 Future studies .......................................................................................... 69 
6.11 Summary of the thesis ............................................................................. 70 

7 Conclusions 71 
References 73 
Original publications 87 
  



18 

 



19 

1 Introduction 
Microsurgical free tissue transfer has become a standard method for head and neck 

reconstruction after extensive tumor resections, severe injuries or certain congenital 

deformities (Gurtner & Evans 2000). The first successful free flap for 

reconstruction of head and neck cancer was performed in 1976 (Panje et al. 1976). 

Since the 1970s advances in free tissue transfer and microsurgical techniques have 

enabled the replacement of sizable and previously unreconstructable defects after 

tumor extirpation aiming to restore both function and form in the area of the head 

and neck (Frederick et al. 2013, Hanasono & Skoracki 2013, Hidalgo et al. 1998, 

Revenaugh et al. 2015, Succo et al. 2015, Wong & Wei 2010, Yap et al. 2006). In 

head and neck surgery reconstructive procedures with free flap repair are among 

the most technically demanding, longest and resource consumptive operations 

(Deganello 2013, Funk et al. 2002, Jones et al. 2007). 

Cancer of the head and neck is the sixth most common cancer in the world 

covering approximately 3-4 % of all the diagnosed cancers and its incidence is 

increasing worldwide. In Finland, head and neck cancer is diagnosed in 800 

patients annually and it covers 2-3 % of all the diagnosed cancers (Association of 

Nordic Cancer Registries 2018, Finnish Cancer Registry 2016, Siegel et al. 2017) . 

Advanced age, smoking and alcohol abuse are the well-known risk factors for these 

cancers but the role of HPV (human papilloma virus) is also increasing 

(Hammarstedt et al. 2006).  

Despite recent advances in chemotherapy, radiotherapy and immuno-oncologic 

treatments, ablative surgery is still often the primary treatment modality for early-

and advanced-stage head and neck cancers. Surgical treatment frequently causes 

significant defects of tissue in the operated area, which are reconstructed using free 

flap repair to provide sufficient functional and cosmetic outcome. In Finland, the 

annual rate of head and neck cancer reconstruction with free flap repair is 

approximately 200-250. Mortality after cancer of the head and neck compared to 

other more common cancers is equal to colorectal cancer but high compared to 

breast cancer; overall 5-year survival after head and neck cancer is reported to be 

56-61% (Association of Nordic Cancer Registries. 2018, Mucke et al. 2010), when 

corresponding survival rates in breast cancer are 79-87% and in colorectal cancer 

59-62% in Nordic countries (Klint et al. 2010, Tryggvadottir et al. 2010). 

The incidence of cancer of the head and neck is reasonably low among 

malignant diseases, but it is increasing, and, at the same time, mortality has not 

significantly decreased. Curative treatment, including large surgical procedures and 
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oncological care, is physically and mentally challenging for an individual patient. 

Patients requiring the treatment are often elderly with many comorbidities. 

Therefore, postoperative complications are frequent and can lead to prolonged 

hospital stays, increased costs and also psychological stress.  

Instead of analyzing pure survival data, the measurement of quality of life 

(QOL) has become increasingly important in evaluating the efficacy of oncologic 

treatments and outcome after head and neck cancer (Schliephake & Jamil 2002). 

QOL is defined by WHO as “an individual’s perception of their position in life in 

the context of the culture and value systems in which they live and in relation to 

their goals, expectations, standards and concerns”. QOL is the subjective opinion 

of an individual patient regarding their ability to function physically, mentally and 

socially (Fitzpatrick et al. 1992, Ojo et al. 2012, WHO. 1999).  

The aim of this thesis was to evaluate the impact of a patient’s preoperative 

status, intraoperative course and perioperative factors on postoperative 

complications and, furthermore, to assess the impact of complications on long-term 

outcomes including QOL, long-term mortality and causes of death following FFS 

for cancer of the head and neck. 
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2 Review of the literature  

2.1 Free flap surgery (FFS) in head and neck cancer 

The term “head and neck cancer” includes cancers of the oral cavity, nasopharynx, 

oropharynx, hypopharynx, larynx, salivary glands, skin, upper esophagus, 

paranasal sinuses and nasal cavity. The most common of malignant neoplasms in 

this area is squamous cell carcinoma of the mucosal surfaces which comprises more 

than 90% of the head and neck malignancies. The other less common malignant 

neoplasms of the head and neck include lymphoma, sarcoma and melanoma 

(Johnson 2003, Ringash 2015).  

Curative treatment of cancer of the head and neck includes ablative surgery 

which may have a significant esthetic and functional impact on a patient’s everyday 

life. Reconstructive surgery with free flap repair is used to restore the best possible 

function and form in the operated area, and to prevent complications, such as 

fistulaes, scar formation and infections (Carew et al. 2003, Urken et al. 2012). 

2.2 Indications 

FFS is used for reconstruction of major head and neck defects in situations where 

local or regional tissue flaps are inadequate, unavailable or using them would result 

in significant loss of normal function or form (Carew et al. 2003:11,297-340, 

Hanasono & Skoracki. 2013, Vural 2004). 

Typically, FFS is performed for reconstruction of tissue defects of the tongue, 

floor of the mouth and oropharynx, as well as skin and tissue defects of the face 

and neck. It is indicated to patients who need mandible reconstructions or have 

significant defects of the maxilla (Ragbir et al. 2016). To reduce the risk of the 

formation of pharyngocutaneous fistulae, free flap reconstruction is used for 

patients undergoing salvage total laryngectomy and also to perform circumferential 

pharyngoesophageal reconstruction (Paleri et al. 2014, Ragbir et al. 2016). Because 

FFS is a technically demanding, lengthy and resource consumptive major surgical 

procedure, the indications and contraindications are individually evaluated for each 

patient (Deganello 2013, Momeni et al. 2013). 

Following partial or total hemiglossectomy, FFS is indicated to preserve the 

shape and mobility of the residual tongue and to prevent the formation of adhesions. 

Usually it is required in cases when approximately half of the tongue is resected. 
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When operating mobile tongue and floor of the mouth, FFS is indicated even in 

smaller (40% or less) resections (Hanasono et al. 2014). 

In mandible defects, FFS is the standard method for reconstruction and 

restoring the mandible closest to its original shape. FFS is frequently required in 

segmental resections. Reconstruction with metal plates is usually considered in 

cases when the patient’s comorbidity is estimated too high for major surgery 

(Brown et al. 2005, Hanasono et al. 2014).  

In midface and maxillary reconstructions, FFS is usually required in defects 

involving the orbit (Brown et al. 2005, Brown & Shaw 2010). 

FFS should be considered in cancer of the head and neck whenever 

reconstruction of large defects is needed, recipient vessels are available for 

anastomosis and cancer is still operable and under locoregional control. It is rarely 

indicated in palliative situations (Carew et al. 2003, Vural 2004). 

2.3 Operative technique 

After tumor resection and preparation of the recipient site, the required tissue (skin, 

fascia, muscle, bone) is harvested from the donor site with its vascular pedicle and 

transferred to the site of the reconstructable defect. The transferred flap is 

anastomosed to the recipient vessels close to the defect to supply arterial perfusion 

and venous outflow. The diameter of the vessels may be less than 2.5 mm and the 

anastomosis is performed using microsurgical technique (Hsieh et al. 2016, Urken 

et al. 2012, Strauch & Yu 2006). 

During the past decades, advances in surgical technique and methods have 

aimed to reduce operative time and improve outcomes. Microvascular anastomosis 

between the flap pedicle and recipient vessels can be performed in a shorter time 

with the anastomotic coupling device instead of manual suture technique (Markey 

et al. 2015, Nishimoto et al. 2000). The perioperative use of anticoagulants to 

increase the anastomotic patency has also been studied but the effect of these agents 

is still unclear (Chien et al. 2012, Jallali et al. 2010, Peter et al. 1997, Ritter et al. 

1998). With computer-based virtual surgical planning it is possible to decrease 

operative time and improve surgical outcome in the reconstruction of complex 

mandible defects (Hanasono & Skoracki 2013, Succo et al. 2015). There are no 

studies focusing on the impact of these techniques on complication rates or 

mortality. 
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2.3.1 Flaps 

Numerous possible free flap donor sites have been described, but no prospective 

randomized controlled studies exist to compare available free flaps. The selection 

of donor site is based on anatomic considerations, patient characteristics and 

surgeon`s experience. The most frequently used free flaps for head and neck 

reconstructions are radial forearm flap (RFA), lateral arm flap (LA), anterolateral 

thigh flap (ALT), fibular flap, scapular flap and iliac crest flap (Carew et al. 2003, 

Hidalgo et al. 1998, Kim et al. 2008, Lutz & Wei 2005, Ragbir et al. 2016, 

Rosenthal et al. 2004, Urken et al. 2012, Wehage & Fansa 2011). (Table 1&2) 

Free flaps can contain any tissue (muscle, bone, skin) needed for reconstruction 

and they are often classified as soft tissue flaps and bone flaps. Soft tissue flaps 

may include skin, subcutis, fascia and/or muscle. Soft tissue flaps are used for the 

reconstruction of soft tissue defects mostly in the oral cavity, face, hypopharynx 

and oropharynx. Bone flaps (osseous flaps) are used in the reconstruction of bone 

defects, usually in the mandible. A procedure requiring bone flap is technically 

more challenging and more time-consuming compared to the reconstruction of 

minor soft tissue defects (Mucke et al. 2013, Urken et al. 2012). 

Table 1. Most commonly used free soft tissue flaps. 

Free flap Vascular supply Common applications Donor site morbidity 

RFA Radial artery Oral cavity, oropharynx, 

hypopharynx, face, scalp,  

skull base 

Aesthetic problems 

(scar), sensory loss 

ALT Deep femoral artery Oral cavity, oropharynx, 

hypopharynx, face, scalp,  

skull base 

Functional loss if fascia 

elevated 

Lateral arm Deep brachial artery Oral cavity and face Sensory loss, scar 

(easily coverable) 

Radial forearm flap (RFA), together with anterolateral thigh flap (ALT), are the 

most commonly used free flaps. They are suitable for replacing nearly all soft tissue 

defects in head and neck surgery including oral cavity, tongue, trachea, esophagus, 

hypopharynx and the midfacial area. Compared to ALT, RFA can also be used as a 

composite osteocutaneous flap by including a small radius bony segment to cover 

minor defects of the mandible and maxilla. With ALT, it is possible to transfer a 

larger skin paddle and soft tissue from the thigh, if needed. The perforator anatomy 

of ALT may be inconstant, requiring judicious preparation which can be considered 
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its disadvantage. RFA is indicated especially when a thin pliable flap with long 

pedicle and large vessels is needed. Disadvantages of RFA include donor-site 

morbidity (visible scar, sensory loss) and a relative lack of soft tissue. An Allen test 

or sometimes even angiogram should be performed to ensure sufficient blood 

supply to the hand when planning the use of RFA (Brown & Shaw 2010, Hidalgo 

et al. 1998, Kim et al. 2008, Ragbir et al. 2016, Urken et al. 2012 , Wehage & 

Fansa. 2011).  

Lateral arm flap (LA) is a thin pliable flap with constant perforator anatomy. It 

has become useful in reconstruction of the head and neck, especially in the 

oropharynx and the facial area. Compared to RFA it has a shorter pedicle, but 

harvesting of LA is not critical to collateral circulation of distal limb and donor-site 

morbidity is small. If needed, LA can be transferred as an osteocutaneous flap with 

a segment of humerus. Because of its location close to the head and neck, it is not 

always possible to harvest LA simultaneously with tumor resection. (Ragbir et al. 

2016, Urken et al. 2012, Wehage & Fansa 2011). 

Table 2. Most commonly used free osseous flaps. 

Free flap Vascular supply Common applications Donor site morbidity 

Fibula Deep peroneal artery Oromandible region, 

midface 

Peroneal palsy 

Limitations in ankle function 

Scapula Circumflex scapular artery Oromandible region, 

midface 

Cosmetic deformity 

Iliac crest Deep circumflex iliac artery Oromandible region Sensory loss 

Abdominal wall hernia 

Postoperative pain 

In Finland, the fibular flap is the most commonly used free osseous flap. It is used 

to reconstruct the defects in the mandible. Fibular bone can be transferred as 

osseous flap up to a length of 25 cm with easily available skin paddles and a 

sufficient pedicle length. The distance from the donor site to the surgical field 

enables the simultaneous work of two surgical teams, something which is very 

advantageous for head and neck reconstructive surgery. The donor site often 

requires a skin graft to enable closing of the wound (Hidalgo et al. 1998, Ragbir et 

al. 2016, Urken et al. 2012, Wehage & Fansa 2011, Wong & Wei 2010). 

The iliac crest flap is very suitable for reconstruction of defects in the mandible 

because the natural curve of the ilium resembles the mandible with its reserve of 

strong bone. It is also commonly used for maxillary reconstruction because its 

shape provides good orbital support. The iliac crest flap should be considered 
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especially if insertion of dental implants is planned for postoperative rehabilitation. 

There are potential problems which may occur using iliac crest flap and these have 

diminished its use as a first-line option. These are: postoperative pain, possible 

sensory loss and neuropathy due to nerve injury as well as the development of 

abdominal wall hernia (Brown et al. 2005, Hidalgo et al. 1998, Kim et al. 2008, 

Ragbir et al. 2016, Urken et al. 2012 , Wehage & Fansa 2011). According to 

previous studies, there have been no differences in long-term functional or cosmetic 

outcome or donor site morbidity between iliac crest and fibular free flap (Schardt 

et al. 2017, Shpitzer et al. 1999). 

Scapular flap is suitable for replacement of defects of the mandible and maxilla. 

It can be harvested with a large skin paddle which also enables its use for complex 

facial reconstructions. Its disadvantages are time-consuming intraoperative 

positioning for head and neck surgery and a limited amount of bone (up to 10 cm), 

which may be sometimes too weak for reconstruction. Simultaneous work of two 

teams is possible, but may be challenging (Brown et al. 2005, Brown & Shaw. 2010, 

Hidalgo et al. 1998, Kim et al. 2008, Ragbir et al. 2016, Urken et al., Wehage & 

Fansa 2011). 

2.4 Perioperative care  

2.4.1 Anesthesia management 

There are no evidence-based guidelines to recommend a specific anesthesia 

protocol or technique for head and neck cancer patients undergoing free FFS. 

Anesthesia for microvascular surgery is based on the understanding of normal 

human pathophysiology and on the general recommendations of major surgery. A 

balanced general anesthesia with intravenous and inhalational anesthetic has been 

used in FFS for cancer of the head and neck (Clark et al. 2007). Sevoflurane may 

have beneficial effects on microcirculation compared to intravenous anesthetics 

and it has been reported to have protective effects against ischemia-reperfusion 

injury (Bruegger et al. 2002, Lucchinetti et al. 2007), but there are no larger studies 

to confirm this. There is no evidence to support certain methods such as total 

intravenous anesthesia (TIVA) or volatile anesthesia on the outcome, complication 

rate or flap failures. 
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2.4.2 Fluid management 

The blood flow in free flap is based on perfusion pressure, blood viscosity and 

diameter and length of the vessel; any change in these will have an influence on 

blood flow. The viscosity of blood depends mainly on hematocrit and speed of the 

blood flow: the higher the hematocrit or the lower the speed, the higher the viscosity 

and vice versa. In mild hemodilution the reduction in viscosity must be 

compensated by the increased blood flow to maintain an adequate microcirculatory 

perfusion to free flap. For free flap transfer hypervolemic or normovolemic 

hemodilution and low systemic vascular resistance with large pulse pressure and 

high cardiac output are beneficial in maintaining optimal blood flow (Hagau & 

Longrois 2009, Macdonald 1985).  

Fluid management has an impact on the success of microvascular surgery by 

controlling the circulatory and regional blood flow. Any decrease in intravascular 

pressure (hypovolemia) or increase of extravascular pressure (tissue edema, 

hematoma, wound dressings) diminishes transmural pressure and vascular diameter 

and has an impact on blood flow through microvascular anastomosis (Hagau & 

Longrois 2009, Macdonald 1985).  

Excessive intraoperative fluid replacement is associated with higher morbidity 

and prolonged hospital length of stay (LOS) after FFS for cancer of the head and 

neck (Clark et al. 2007, Ettinger et al. 2017, Farwell et al. 2002, Namdar et al. 2010, 

Patel et al. 2010). Similar findings have also been reported after colorectal surgery 

(Brandstrup et al. 2003, Lobo et al. 2002). Positive fluid balance after 

reconstructive surgery for lower extremity and breast cancer has also been found to 

increase postoperative complications and flap failures (Booi 2010, Namdar et al. 

2010, Zhong et al. 2011). Excessive fluid management causes interstitial edema 

which may be harmful for tissue healing and perfusion of free flap. Accordingly, 

too negative a perioperative fluid balance is harmful and may increase rate of flap 

thrombosis in microvascular surgery (Nelson et al. 2015).  

Goal-directed fluid management based on non-invasive methods of measuring 

cardiac output (CO) and stroke volume variation (SVV) has been found to optimize 

fluid balance and reduce hospital LOS in major surgery (Benes et al. 2010). There 

is a lack of studies concerning this in head and neck reconstructive surgery. The 

existing few studies report decreased intensive care unit (ICU) LOS and hospital 

LOS and the more frequent use of vasoactive medication among patients with goal-

directed fluid management (Abdel-Galil et al. 2010, Bulgheroni et al. 2014, Hand 

et al. 2016, Kim et al. 2018). 
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Based on studies in other types of major surgery, goal-directed fluid therapy is 

recommended for use in guiding fluid management in FFS for cancer of the head 

and neck (ERAS consensus)(Dort et al. 2017). The invasive methods to measure 

CO are rarely used in this patient group (Chalmers et al. 2012, Gooneratne et al. 

2013). There are also no studies evaluating the impact of different techniques for 

monitoring CO and SVV (esophageal Doppler®, Swan Ganz®, LiDCO®, 

PiCCO®, Vigileo®) on postoperative outcome. Monitoring of central venous 

pressure is not accurate in guiding fluid management and also not often feasible 

because of the limits of implantation in the operation field (Jensen et al. 1995).  

2.4.3 Use of vasoactive medication 

The use of vasopressors (ephedrine, norepinephrine, phenylephrine, dopamine) to 

maintain adequate blood pressure in FFS has been a matter of controversy because 

of the risk of vasopressor-induced spasm of the pedicle which may provoke flap 

failure. However, recent studies suggest that intra- or postoperative use of 

vasopressors do not increase the incidence of flap failures or affect flap outcomes 

(Harris et al. 2012, Monroe et al. 2010, Monroe et al. 2011, Raittinen et al. 2016). 

As an alternative to vasopressors, dobutamine has been shown to increase blood 

flow through anastomoses which advocates its wide-spread use in microvascular 

surgery (Scholz 2009), but there are no randomized controlled trials (RCT) of its 

superiority to vasopressors on postoperative outcome. Furthermore, there is a 

paucity of evidence-based guidelines or recommendations concerning the use of 

vasoactive medication in FFS. Despite the beneficial impact of vasoactive 

medication on hemodynamic parameters such as cardiac index (CI), mean arterial 

pressure (MAP), stroke volume (SV) and SVV, there is no evidence of their positive 

effect on postoperative outcome after FFS. 

2.4.4 Initial postoperative care 

The majority of patients are admitted to ICU (intensive care unit) or high 

dependency unit postoperatively. Indications for this are usually controlled 

weaning off the ventilator and careful free flap monitoring (Arshad et al. 2014, 

Clemens et al. 2015, Gooneratne et al. 2013, Marsh et al. 2009, Panwar et al. 2016, 

Spiegel & Polat 2007). However, there is no evidence for the positive impact of 

routine postoperative care in ICU on outcome after FFS for cancer of the head and 

neck. According to previous studies, ICU admission has no beneficial impact on 
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flap failures or complication rates (Arshad et al. 2014, Godden et al. 1999, Hand et 

al. 2015, Nkenke et al. 2009). A recent study by Abt et al suggests the use of a 

frailty index to predict the need of ICU care after FFS for cancer of the head and 

neck. A frailty index evaluates the health status of aging individuals based on 

deficits in health. According to this study increased frailty index scores were 

associated with major postoperative complications (Abt et al. 2017). 

It is recommended that free flap monitoring after head and neck reconstructive 

surgery should be performed at least hourly for the first 24 hours postoperatively 

(Dort et al. 2017), but these recommendations are based on expert opinions rather 

than scientific evidence. Postoperative free flap monitoring includes at least clinical 

examination for capillary refill, color, surface temperature and in some cases pin 

prick test (Cornejo et al. 2013). New monitoring techniques, including implanted 

Doppler probes, near-infrared spectroscopy (NIRS), microdialysis and 

measurement of oxygen partial pressure of tissue, have been described and they are 

often used in addition to bedside clinical examination (Jyranki et al. 2006, Nelson 

et al. 2015, Steele 2011, Vakharia et al. 2012). However, the use of these devices 

is based on prospective or retrospective case series or local practices and there are 

no RCTs to support their use to decrease the risk of flap failures. 

There are a number of controversies concerning the airway management of 

patients undergoing major head and neck operations. Previous studies have 

demonstrated the immediate postoperative extubation to be safe in a selected group 

of patients, but tracheostomy is still a common procedure among patients 

undergoing FFS for head and neck cancer (Allak et al. 2011, Clemens et al. 2015, 

Marsh et al. 2009, Meerwein et al. 2014). However, there are no evidence-based 

recommendations for the routine use of tracheostomy or the exact time for 

decannulation. Initiation of postoperative pulmonary physical therapy is 

recommended as early as possible to prevent pulmonary complications. Early 

mobilization within 24 hours can also be also beneficial. There is a lack of studies 

focusing on this and the guidelines are based on expert opinions or local practices 

(ERAS guidelines)(Dort et al. 2017). 

2.5 Complications 

There is a high rate of postoperative complications among patients undergoing 

operations with free flaps due to cancer of the head and neck: according to previous 

studies the frequency of complications is between 33-85% (le Nobel et al. 2012, 

McMahon et al. 2013, Perisanidis et al. 2012, Suh et al. 2004). The classification 
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and documentation of complications varies between the studies limiting the 

comparison of postoperative outcome of different centers and scientific settings. 

Standardized classifications for complications have been introduced but there is an 

absence of a specific grading method developed for head and neck surgery. The use 

of Clavien-Dindo classification for complications is also becoming more common 

in head and neck surgery. Despite its disadvantages, including the inability to 

precisely grade wound complications or complications requiring reoperation, and 

not differentiating the complications into surgical and medical, it may be the most 

suitable method of those currently available (Awad et al. 2015, Clavien et al. 2009, 

Dindo et al. 2004).  

Comorbidity, increasing age, preoperative anemia and low albumin level, ASA 

classification 3-4, higher tumor stage (T2-T4), smoking, long duration of 

anesthesia, tracheostomy and pharyngoesofageal reconstruction have been reported 

to be risk factors for complications after FFS for cancer of the head and neck, 

however, the reports are partly contrary (Awad et al. 2015, Clark et al. 2007, 

Datema et al. 2010, le Nobel et al. 2012, McMahon et al 2017, Patel et al. 2010, 

Suh et al. 2004). The impact of different flap types on complications is unclear: 

according to recent studies patients whose reconstruction has been made with bone 

flap have postoperative complications more often than patients reconstructed with 

soft tissue flaps, but le Nobel found no difference in complication rates with 

different flap types in his series of 304 free flap operations during 2003-2010 (le 

Nobel et al. 2012, McMahon et al. 2017, Mucke et al. 2013). 

2.5.1 Onset of postoperative complications 

Complications can be classified as early and late based on the onset, but in most 

studies, there is an absence of an exact definition for this classification. Usually, 

during the hospital stay any complication occurring is defined as early and after 

hospital discharge any complication occurring is defined as late, but other or no 

definitions also exist (Al-Hayder et al. 2017, Simpson et al. 1996, Wilkman et al. 

2018).  

2.5.2 Surgical complications 

Surgical complications can be categorized as donor site complications and recipient 

site complications, complications related to surgical ablation or microvascular 

reconstruction and as minor or major complications (Bianchi et al. 2009, Myers 
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2009, Pohlenz et al. 2012). Among the most commonly recorded surgical 

complications are included wound infection, fistula formation, hematoma, wound 

dehiscence and partial or total flap loss of which the infectious problems and wound 

dehiscence are the most common (Bianchi et al. 2009, Clark et al. 2007, McMahon 

et al. 2013, Perisanidis et al. 2012). Total or partial flap failure is the most 

significant and devastating complication in reconstructive surgery leading to 

additional surgery and increased costs (Jones et al. 2007, Las et al. 2016). The 

overall flap success rates have improved during the past decades from 94% to 99% 

in the latest reports (Mucke et al. 2013, Pohlenz et al. 2012). Las et al reported in 

2016 the outcome of 1530 free flaps including 548 head and neck reconstructions 

and found that pulmonary comorbidity and certain microvascular anastomoses 

(lingual vein, superficial temporal artery) were risk factors for flap loss. The total 

flap loss rate was 6.4% within this population (Las et al. 2016).  

The risk factors for surgical complications include ASA classification 3-4, 

comorbidity, malnutrition, low preoperative hemoglobin (<110 g/l), smoking, 

previous head and neck surgery, tracheostomy, neck dissection and preoperative 

radiotherapy (Broome et al. 2016, Clark et al. 2007, Patel et al. 2010, Suh et al. 

2004, Vandersteen et al. 2013). Surgical complications requiring reoperations and 

prolonged hospital LOS have a negative effect on the outcome and costs after FFS 

(Jones et al. 2007, Perisanidis et al. 2012). There are no studies focusing on the 

prevention of surgical complications. 

2.5.3 Medical complications 

Medical complications are usually classified by the affected organ system. The 

most predominating medical complications after FFS for cancer of the head and 

neck are respiratory complications, including pneumonia and respiratory distress 

with reported rates between 5-29% (Clark et al. 2007, McMahon et al. 2013, Patel 

et al. 2010, Pohlenz et al. 2012, Suh et al. 2004). Cardiac complications are the 

second most common medical complication with a rate varying between 5-16% 

(Clark et al. 2007, Datema et al. 2010, McMahon et al. 2013, Suh et al. 2004). The 

reported rates for incidences are partly inconsistent and not reproducible because 

of a non-standard definition of complications.  

ASA classification 3-4, comorbidity, increasing age (>60 years), low BMI, 

tracheostomy and smoking are associated with medical complications (Clark et al. 

2007, Patel et al. 2010, Suh et al. 2004, Vandersteen et al. 2013). Excessive 

crystalloid replacement is an independent risk factor for medical complications 
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after FFS for cancer of the head and neck, and it is associated with a prolonged 

hospital LOS and an increased risk of cardiac complications among head and neck 

cancer patients (Clark et al. 2007, Haapio et al. 2017, Patel et al. 2010). 

Postoperative medical complications may increase costs significantly after FFS due 

to prolonged hospital LOS and ICU stay (Jones et al. 2007, Perisanidis et al. 2012, 

Yeung et al. 2014). 

2.6 Quality of life (QOL) 

QOL after surgical or oncological treatment of head and neck cancers is well 

studied. According to previous studies advanced tumors, extensive surgical 

resection, need for flap reconstruction and postoperative radiotherapy are 

associated with low QOL (Bozec et al. 2008, Hammerlid & Taft 2001, Pierre et al. 

2014a, Rana et al. 2015). Studies focusing on QOL after FFS for head and neck 

cancers are not numerous. Limitations of these studies include often small 

populations, varying follow-up periods, variability in QOL instruments and 

conflicting results (Hikosaka et al. 2011, Momeni et al. 2013, Rana et al. 2015). 

2.6.1 Methods to assess QOL 

Instruments to measure QOL have been available since the 1990s. The functional 

or psychological well-being of an individual patient may vary greatly in patients 

with equal clinical outcome, which makes it difficult to evaluate objectively the 

efficacy of oncologic treatments (Fitzpatrick et al. 1992, Nkenke et al. 2009, Pierre 

et al. 2014b). The QOL questionnaires are easily available tools to collect and 

obtain the outcome data reported by patients. 

Instruments to measure QOL can be generic, disease-, site- or dimension-

specific. To simplify the classification, they can also be divided into two major 

types: generic and specific questionnaires (Fitzpatrick et al. 1992, Hays et al. 1993, 

Rogers 2016). Generic QOL questionnaires allow compare between different 

diagnoses and therapeutic procedures among large populations but they are not able 

to evaluate the effect of specific interventions or certain pathologies on QOL 

(Bozec et al. 2008, Momeni et al. 2013, Teckle et al. 2013). Specific questionnaires 

are suitable to identify the problems concerning certain pathologies or anatomic 

regions and their consequences on QOL. They are particularly important in 

assessing QOL of patients with cancer of the head and neck because treatment of 

these malignancies has an impact on many vital functions including breathing, 
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swallowing and speech and on physical appearance, which are not measured with 

generic QOL tools (Bozec et al. 2008, Momeni et al. 2013).  

The RAND 36-Item Short-Form Health Survey (RAND-36) is the most 

commonly used generic questionnaires to measure general health-related QOL 

(Hays et al. 1993). The European Organization for Research and Treatment of 

Cancer (EORTC) Quality of Life Questionnaire (QLQ-C30) is a widely used 

generic QOL-questionnaire for cancer patients (Aaronson et al. 1993, EORTC 

2018). 

The most frequently used specific instruments for evaluating QOL among 

patients with head and neck cancer are EORTC QLQ-H&N35, The University of 

Washington Quality of Life Questionnaire (UW-QOL) and the Functional 

Assessment of Cancer Therapy General and Head and Neck Cancer questionnaire 

(FACTG-HN) (EORTC 2018, Hassan & Weymuller 1993, List et al. 1990). To 

obtain more accurate information about swallowing difficulties among head and 

neck cancer patients, swallowing-specific QOL questionnaires such as SWAL-QOL 

(Swallowing Quality of Life Questionnaire) or MDADI (M.D. Anderson Dysphagia 

Inventory) are available (Rogers 2016). The most often used QOL questionnaires 

among head and neck cancer patients are presented in Table 3. 

Both generic and head and neck–specific QOL questionnaires evaluate 

individual´s psychological and social well-being (emotional and social functioning) 

as a dimension of global QOL (Rogers 2016). 
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Table 3. Classification and examples of QOL questionnaires in HNC. 

Classification of QOL questionnaires Examples  

Generic  EQ-5D 

RAND-36 

Generic cancer EORTC QLQ-C30 

FACT-G 

HNC specific EORTC QLQ-H&N35 

UW-QOL 

FACT-HN 

HNC function specific MDADI 

SWAL 

2.6.2 Global QOL following FFS for cancer of the head and neck 

There are contrary results concerning global QOL after FFS for cancer of the head 

and neck. Most studies report a moderate or mild deterioration of global QOL, 

which often seems to remain stable and at an acceptable level after surgery. 

According to previous studies, the acceptable level of global QOL has been 

described as maintenance of preoperative QOL. If a generic QOL instrument was 

used, the acceptable QOL was defined as comparable to population-based reference 

values. The used head and neck specific instruments in these studies are UW-QOL 

and EORTC QLQ-H&N35 (Al-Hayder et al. 2017, Bozec et al. 2008, Hikosaka et 

al. 2011, Li et al. 2015, Oskam et al. 2013, Pierre et al. 2014a, Zhang et al. 2013). 

However, few studies report improved QOL after FFS (Borggreven et al. 2007, 

Momeni et al. 2013). These contrary results may be explained by reasonable small 

sample sizes (<50 patients completing the study) and varying follow-up periods. 

Advanced age, male gender, radiotherapy, advanced tumor size and stage, 

comorbidity, tumor recurrence, type of surgery (extensive resection) and 

sociodemographic variables including unemployment and low level of education 

have been associated with worsened postoperative QOL, but the results are unclear 

and partly contrary (Borggreven et al. 2007, Bozec et al. 2008, Markkanen-

Leppanen et al. 2006, Momeni et al. 2013, Rogers et al. 2002, Rogers et al. 2015). 

Postoperative complications also seem to affect global QOL after FFS for cancer 

of the head and neck but there is a lack of studies concerning this and the results 

have been reported as secondary findings (Li et al. 2015, Markkanen-Leppanen et 

al. 2006, Momeni et al. 2013, Zhang et al. 2013). 
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2.6.3 Physical functioning 

Most of the published studies report a significant impact of head and neck-specific 

symptoms on QOL after FFS for cancer of the head and neck. Difficulties in social 

eating, senses, mouth opening, chewing, speech and disfigurement cause 

deterioration of QOL postoperatively (Al-Hayder et al. 2017, Borggreven et al. 

2007, Bozec et al. 2008, Markkanen-Leppanen et al. 2006, Oskam et al. 2013, 

Pierre et al. 2014b, Rogers et al. 2002, Zhang et al. 2013). Some studies report 

head and neck-specific symptoms to stabilize or return to pretreatment levels within 

12 months postoperatively (Borggreven et al. 2007, Bozec et al. 2008, Rogers et 

al. 2015). However, contrary results also exist (Momeni et al. 2013, Oskam et al. 

2013, Pierre et al. 2014b). FFS demanding resection of the mandible especially 

alters functions concerning speech and chewing and causes more disfigurement in 

the lower face than an operation without bone resection. Operation with bone flap 

may have a more evident impact on outcome and QOL (Zhang et al. 2013). 

The functional outcome concerning mobility and self-care usually has a 

temporary deterioration after reconstructive surgery for head and neck cancers but 

improvement to baseline or near baseline level will be reached within 12 months 

(Borggreven et al. 2007, Bozec et al. 2008, Oskam et al. 2013, Pierre et al. 2014b). 

General QOL instruments such as RAND-36 assess physical functioning with 

questions concerning ability to walk different distances or climb stairs while 

disease-specific QOL tools (EORTC-H&N35, UW-QOL) focus mainly on the 

possible difficulties or symptoms in head and neck-specific functions such as 

swallowing and speech. There is a lack of studies assessing QOL among head and 

neck cancer patients in a longer follow-up period than five years (Mehanna & 

Morton 2006).  

2.6.4 Psychosocial well-being following FFS for cancer of the head 
and neck 

The number of studies focusing on psychological well-being after FFS for cancer 

of the head and neck is limited. More studies have been published about general 

psychosocial well-being after head and neck cancers, and psychosocial well-being 

after FFS is reported as part of the global QOL (Borggreven et al. 2007, Bozec et 

al. 2008, Momeni et al. 2013, Oskam et al. 2013). 

Cancer of the head and neck has been found to be more emotionally traumatic 

compared with any other type of cancer (Koster & Bergsma 1990, Semple et al. 
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2004). Treatments can affect patients´ communication and functioning such as 

swallowing and eating and also often cause visible disfigurement, all of which have 

a significant and permanent impact on QOL. According to previous studies there is 

a high prevalence of psychological problems among patients with head and neck 

cancers: 20-40% of patients suffered from psychological distress or depression 

screened at least one month after cancer diagnosis or oncologic treatment. 

(Bornbaum et al. 2012, Hassanein et al. 2005, Hutton & Williams 2001, Krebber 

et al. 2012, Wu et al. 2016). According to a study by Hassanein et al the deteriorated 

functional status after treatment of oral cancer was associated with poor 

psychological outcome. Also age, gender, comorbidity, education and marital status, 

as well as tumor stage and site, tumor recurrence, radiotherapy and deteriorated 

global quality of life have been found to be related with psychological problems 

and emotional distress among patients with head and neck cancer (Hassanein et al. 

2005, Hutton & Williams 2001, Krebber et al. 2012, Rana et al. 2015, Rieke et al. 

2016, Verdonck-de Leeuw et al. 2009). 

2.7 Mortality and causes of death after FFS for cancer of the head 
and neck 

Despite the advances in treatment, mortality after cancer of the head and neck is 

still high. During the preceding decades, the 5-year disease-specific survival has 

improved from 55% to 66% (Pulte & Brenner 2010, Mroueh et al. 2017) but the 

overall 5-year survival is lower and is reported to be 56-61% (Mucke et al. 2010, 

Rogers et al. 2009). Mortality after cancer of the head and neck compared to other, 

more common cancers is equal to colorectal cancer (5-year survival 59-62%) but 

high compared to breast cancer (5-year survival 79-87%) (Klint et al. 2010, 

Tryggvadottir et al. 2010). 

2.7.1 Short-term mortality 

The number of studies focusing on postoperative outcome after FFS for cancer of 

the head and neck is limited. The reported rates for early mortality vary between 

0.88-11.1%. In these studies, there has been different determinations for short-term 

mortality, including 30-day, 180-day, or in-hospital mortality (Bianchi et al. 2009, 

Ch'ng et al. 2014, Datema et al. 2010, Eckardt et al. 2007, Jones et al. 2007, 

Pohlenz et al. 2007, Suh et al. 2004, Tanaka et al. 2011). Stage IV disease, operation 

time >9h, comorbidity and advanced age are associated with postoperative 
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mortality within this patient group (Pohlenz et al. 2007, Tanaka et al. 2011, 

Vandersteen et al. 2013).  

2.7.2 Long-term mortality 

The five-year survival of patients undergoing FFS due to cancer of the head and 

neck is lower than the 5-year survival of head and neck cancer patients in general 

(43-66% and 66%, respectively) (de Vicente et al. 2012, Hsieh et al. 2016, 

Kostrzewa et al. 2010, Lidman & Niklasson 2008, Mucke et al. 2013, Pulte & 

Brenner 2010, Rogers et al. 2009, Salvatori et al. 2014). According to previous 

studies tumor stage and site, the presence of lymph node metastasis, invasion of 

resection margins, relapsing tumor, postoperative complications and advanced age 

are associated with worsened survival but the results are partly contradictory (Ch'ng 

et al. 2014, de Vicente et al. 2012, Kostrzewa et al. 2010, Mucke et al. 2013, Peters 

et al. 2015, Rogers et al. 2009, Salvatori et al. 2014). The impact of free flap 

reconstruction on survival and late mortality in head and neck malignancies is also 

unclear (de Vicente et al. 2012, Hanasono et al. 2009, Hsieh et al. 2016). There are 

no studies covering the impact of postoperative complications or perioperative 

course as possible risk factors on poor outcome or increased mortality after FFS for 

cancer of the head and neck. 

2.7.3 Causes of death 

The number of studies examining the causes of death after FFS for cancer of the 

head and neck is limited. The causes of death during the immediate postoperative 

period (early mortality) after FFS for cancer of the head and neck have been 

recorded in three currently available studies. According to these the most common 

causes of death are pneumonia/respiratory insufficiency, gastrointestinal problems 

(ulcus, colitis), tumor recurrence or metastasis and cerebrovascular reasons (Ch'ng 

et al. 2014, Datema et al. 2010, Tanaka et al. 2011).  

There are no studies covering the causes of deaths during longer follow-up 

periods. One study reports the causes of deaths during a two-year follow-up after 

FFS for cancer of the head and neck. During this period, in 65% (40/62) of the 

deceased the cause of death was cancer and in 35% (22/62) other causes, which 

were not classified in detail (Ch'ng et al. 2014). 

Causes of death in survivors of non-operated head and neck cancer have been 

described in detail in previous studies. Second primary malignancy (lung, 
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esophagus and colorectal cancer) was the leading cause of death in those whose 

cause of death was not the primary disease. Cardiovascular diseases were 

predominant among non-cancer-related causes of death (Baxi et al. 2014, Massa et 

al. 2017). 
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3 Aims of the study 
The general aim of the study is to evaluate the perioperative treatment, 

postoperative quality of life and long-term outcomes of the patients undergoing free 

flap reconstruction after tumor resection due to cancer of the head and neck. 

More specific aims for the study are: 

1. To evaluate if SVV-guided, goal-directed fluid management has an impact on 

the perioperative management and postoperative course among patients with 

FFS for cancer of the head and neck. (I) 

2. To evaluate the frequency and the onset of postoperative complications of the 

patients with FFS for cancer of the head and neck. (II) 

3. To evaluate the quality of life and the impact of postoperative complications 

on QOL of the patients with FFS for cancer of the head and neck. (III) 

4. To evaluate the long-term outcomes and causes of deaths and the risk-factors 

for postoperative mortality in patients with FFS for cancer of the head and neck. 

(IV) 
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4 Material and methods 

4.1 Patients 

This study consisted of a population including 146 patients who underwent 

operations due to cancer of the head and neck with free flap repair in Oulu 

University Hospital, Finland during 2008-2016. A total of 166 operations were 

performed on the study population; ten patients underwent operations more than 

once because of a new tumor. In those patients who underwent multiple operations, 

the last performed operation was included in the mortality analysis. The 

characteristics of the patients are presented in Table 4.  

Table 4. Demographic data of the study population. 

Variable Patients n=146 (%) 

Age (years) 65 [58-74] 

Gender (male) 80 (54.8) 

Comorbidity  111 (76.0) 

ASA classification >2 81 (55.5) 

Smoking 62 (42.5) 

Excessive alcohol abuse 29 (19.9) 

Tumor  

Oral cavity or tongue 

Mandible 

Larynx/pharynx 

Maxilla  

Buccal mucosa 

Skin melanoma 

Palatinal 

Others 

60 (41.1) 

24 (16.4) 

15 (10.3) 

13 (8.9) 

11 (7.5) 

10 (6.8) 

9 (6.2) 

4 (2.8) 

Free flap  

RFA 

ALT 

Fibula 

Lateral arm 

Scapula 

LD 

Others 

46 (31.5) 

44 (30.1) 

25 (17.1) 

10 (6.8) 

7 (4.8) 

4 (2.7) 

10 (6.8) 



42 

4.2 Methods 

Patients were identified using the operation records of the head and neck surgery 

unit. Data were retrieved by the primary investigator (SL) from the anesthesia 

charts, medical records, radiological statements, laboratory results and ICU 

database (Centricity Critical Care Clinisoft, GE Healthcare). Data were collected 

in structured form and later digitalized and analyzed using SPSS. Statistics Finland 

provided data concerning the times and causes of death. The study was approved 

by the hospital administration (208/2015, 239/2016) and the Regional Ethics 

Committee of the Northern Ostrobothnia Hospital (95/2016). The designs, patients, 

aims and main outcome of studies I-IV are presented in Table 5. 

Table 5. Studies I-IV: design, patients, aims and main outcome variables. 

Study Design Patients Aim Main outcome 

variables 

I Retrospective 

analysis 

104 patients operated in 

2008-2010 and 2012-

2014 

To evaluate the impact of 

SVV-guided fluid 

management in FFS for HNC 

Flap failure 

Intraoperative fluid 

management 

II Retrospective 

analysis 

136 patients operated in 

2008-2015 

To evaluate the onset and 

distribution of postoperative 

complications and their 

impact on outcome after FFS 

for HNC 

Postoperative 

complications 

Onset of 

complications 

III Prospective, 

cross-sectional 

analysis 

53 out of 90 patients 

operated in 2013-2016 

were included to assess 

the QOL 

To evaluate the QOL in 

patients with or without 

postoperative complications 

after FFS for HNC 

RAND-36 

EORTC QLQ-C30 

EORTC QLQ-H&N35 

UW-QOL 

IV Retrospective 

analysis 

146 patients operated in 

2008-2016  

To evaluate the short-term 

and long-term mortality and 

causes of death after FFS for 

HNC 

Causes of deaths 

Mortality 

4.3 Goal directed fluid management (I) 

In study I, data were retrospectively retrieved. Patients were divided into two 

groups: group C (conventional fluid management) and group G (goal-directed fluid 

management) based on the presence or absence of intraoperative use of Vigileo®. 

The goal-directed fluid management was performed using a Vigileo FloTrac®-

device which determines hemodynamic parameters based on the arterial pressure 
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waveform. Using arterial pressure signal and individual patient data (age, gender, 

weight, height) the algorithm evaluates patient`s hemodynamic status including 

cardiac output (CO), cardiac index (CI), stroke volume (SV) and stroke volume 

variation (SVV). The SVV is a variation of SV during the ventilation cycle and is 

defined as the difference between the maximum and minimum SVs divided by the 

mean SV within a given time. The maximum and minimum SV values are the 

means from four values of SV during a 30s period and the mean SV is the average 

value for this period. The Vigileo FloTrac® makes these calculations every 20 

seconds and is validated for patients in mechanical ventilation with closed chest 

and a tidal volume at least 7mL/kg (Slagt et al. 2014). 

In group G (n=48), fluid management was guided using SVV and CI according 

to the guidelines of the Department of Anesthesiology at Oulu University Hospital. 

An additional fluid bolus (usually 250 mL crystalloid) was given, if SAP (systolic 

arterial pressure) was <100 mmHg and/or MAP (mean arterial pressure) <70 

mmHg and SVV was high (>10%) or the baseline was increasing. The bolus was 

repeated until SVV was <10%. The target for CI was more than 2L/min/m2 or at 

least the first measured CI at the beginning of the operation. Dobutamine was used 

to reach the targeted CI and norepinephrine was used to reach the targeted blood 

pressure, if the targets were not achieved with SVV<10%.  

In group C (n=56), the fluid management was guided by the conventional 

hemodynamic targets (heart rate, arterial blood pressure, central venous pressure, 

urine output) according to the guidelines of the Department of Anesthesiology at 

Oulu University Hospital and attending anesthesiologists. Dobutamine and 

norepinephrine were used if the targets were not achieved with conventional fluid 

management.  

4.4 Postoperative complications (I, II, III) 

Postoperative complications were detected from the medical records. The 

complications that occurred after hospital discharge but within 30 days were 

included into the analysis. The complications were classified as surgical and 

medical, and in study II also as early (onset 1-4 days postoperatively) and late 

(onset more than 4 days postoperatively) complications. 

The recorded complications are presented in the Table 6. 
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Table 6. Postoperative complications. 

Surgical complications Medical complications 

Partial flap failure  

Total flap failure 

Wound hematoma 

Wound infection 

Reoperation:  

evacuation of hematomae,  

another new flap, new free flap,  

surgical site exploration,  

surgical site revision 

AKI 

AMI 

Arrhythmia (study I) 

Delirium (study I) 

DVT 

ICU readmission  

Pneumonia 

Pulmonary edema 

Pulmonary embolism 

Sepsis 

 Stroke 

Pneumonia was defined as a condition with infiltrates in chest x-ray with 

leucocytosis and fever or purulent tracheal secretions. Stroke, pulmonary embolism 

(PE) and deep venous thrombosis (DVT) were defined by clinical condition with 

positive findings in computed tomography (CT) (stroke, PE) or ultrasound (DVT). 

Acute kidney injury (AKI) was defined according to KDIGO (Kidney Disease: 

Improving Global Outcome) criteria which defines AKI as an increase in the serum 

creatinine by 26.5 µmol/l within 48 hours or an increase to ≥1.5 times baseline 

(Kidney int. 2012). Acute myocardial infarction (AMI) was defined as a condition 

with positive ECG findings and an increase in Troponine-I level. Sepsis was 

defined as a subsequent Sepsis 2 criterion which defines sepsis as a life-threatening 

organ dysfunction caused by a dysregulated host response to infection (Levy et al. 

2003). Arrhythmia was recorded if confirmed by ECG. Delirium was defined as a 

state of confusion, disorientation or reduced awareness when the patient needs 

recurrent sedative or antipsychotic medication. Pulmonary edema was defined by 

clinical condition with positive finding in chest x-ray. Wound infection was defined 

as the purulent secretion of the wound with positive cultures and signs or symptoms 

of infection diagnosed by the attending physician (Horan et al. 1992). Hematoma 

and total and partial flap failure were recorded according to clinical findings by the 

attending physician. 

4.5 Instruments for measuring QOL (III) 

For the study, 48 out of 53 eligible patients were interviewed for measuring their 

QOL by the primary investigator (SL). Five patients preferred to answer by letter. 
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The interviews were made from one to three years after the operation. Also, for the 

study III the data concerning peri- and postoperative periods were reviewed by the 

primary investigator. 

This study included two generic instruments to measure global QOL (RAND-

36 and EORTC QLQ-C30) and two specific instruments (EORTC QLQ-H&N35 

and UW-QOL) to measure functional outcome and disease-specific QOL of 

patients with cancer of the head and neck operated on with free flap repair. All the 

used instruments are validated in Finnish except UW-QOL which was translated 

into Finnish by a native English-speaking person and retranslated back to English 

to ensure a flawless translation. 

4.5.1 RAND-36 (The RAND 36-Item Short-Form Health Survey) 

The RAND-36 consists of 36 questions in eight health domains: physical 

functioning (ten questions), role limitations due to physical health problems (four 

questions), pain (two questions), general health (five questions), energy/fatigue 

(four questions), social functioning (two questions), role limitations due to 

emotional problems (three questions), emotional well-being (five questions) and 

one question concerning changes in health status during the last year. The answers 

for each domain are transformed into a score between 0 (worst) and 100 (best). 

Physical and mental health summary scores can be derived from the eight domains. 

The RAND-36 is widely used to compare the health-related QOL of general and 

specific populations. It is also often used for testing validity and reliability of new 

QOL instruments. The RAND-36 was introduced in the 1990s and has been used 

worldwide for decades (Hammerlid & Taft 2001, Hays et al. 1993).  

4.5.2 EORTC QLQ-C30 (European Organization for Research and 
Treatment of Cancer (EORTC) Quality of Life Questionnaire) 

EORTC Quality of Life Questionnaire (QLQ) is designed to evaluate QOL of 

cancer patients. The core questionnaire, EORTC QLQ-C30, has been used in more 

than 2200 clinical studies for more than 20 years. It consists of five functioning 

scales (physical, role, cognitive, emotional and social), three symptom scales 

(fatigue, pain, nausea and vomiting), a global health status/QOL scale and questions 

evaluating the common problems reported by cancer patients (dyspnea, loss of 

appetite, insomnia, constipation and diarrhea) and, finally, the financial impact of 

the disease. To analyze the results, the scales and single questions/issues of both 
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EORTC questionnaires are transformed into a score from 0 to 100. High scores for 

a functioning scale and for the global QOL represent a better level of functioning, 

whereas a high score for symptom scale or a single-item scale denotes a high level 

of symptoms or problems (Aaronson et al. 1993, EORTC 2018).  

4.5.3 EORTC QLQ-H&N35 

The core questionnaire of EORTC QLQ-C30 may be accompanied by the 

diagnosis-specific and/or treatment-specific questionnaire modules. The EORTC 

QLQ-H&N35 is a specific questionnaire for head and neck cancer patients. It 

includes seven symptoms scales (pain, swallowing, senses [taste and smell], speech, 

social eating, social contacts, sexuality) and eleven single issues (dental problems, 

mouth opening, dry mouth, sticky saliva, coughing, feeling ill, pain killers, 

nutritional supplements, feeding tube, weight loss/gain). The results of the EORTC 

QLQ-H&N35 are interpreted as the results of the EORTC QLQ-C30 (EORTC 

2018).  

4.5.4 UW-QOL (The University of Washington Quality of Life 
Questionnaire) 

UW-QOL is a brief, simple and multi-factorial QOL questionnaire providing 

questions specific to head and neck cancer. The current version 4 of the UW-QOL 

consists of 12 single question domains (pain, appearance, activity, recreation, 

swallowing, chewing, speech, shoulder, taste, saliva, mood, anxiety). There are also 

three global questions (one about how patient feels relative to before cancer, one 

about their health-related QOL and one about their overall QOL) and one question 

which asks patients to choose the three most important domains of those twelve 

mentioned above. The whole questionnaire focuses on QOL within the past seven 

days. The response options are scaled from 0 (worst) to 100 (best) according to 

response hierarchy. UW-QOL domains are grouped for presentation within two 

subscales, physical function and social-emotional function, which increases its 

responsiveness and precision. The first version of UW-QOL was introduced in 1995 

and the most recent version (UW-QOL v4) has been used since 2000. (Rogers 2002, 

Hassan & Weymuller 1993).  
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4.5.5 Physical status 

To assess physical status, the patients included in study III performed the six-

minute walk test and the hand grip strength test (Guyatt et al. 1985, Massy-

Westropp et al. 2011). Both tests were performed according to Finnish guidelines 

by a physiotherapist or primary investigator (SL) and the results were compared to 

Finnish reference values. The patients with limitations in walking or exercise 

capacity, or those who answered to QOL questionnaires by letter or by phone did 

not perform the tests. 

The six-minute walk test evaluates exercise capacity and endurance. The 

patients attending the test walked for six minutes and their oxygen saturation and 

heart rate were measured via pulse oximetry before, during and after the exercise. 

The results of the test were presented as a percentage from the predicted value 

based on the reference values and also as the median of the walking distance.  

The hand grip strength test measures the muscle strength and the static force 

of the hand. It was performed with dynamometer for the dominant hand while the 

patient was in a sitting position with elbows by the side. The best result of three 

grips was reported. Results were presented in scores from 1 to 5, where 5 indicates 

the best result and 1 the worst.  

4.6 Mortality and causes of death (IV) 

For study IV, patients undergoing operation in 2016 were added to the study 

population of study II. In patients who underwent multiple operations, the last 

operation during the study period was included into the study. The study population 

consisted of 146 patients who had undergone an operation. As in studies I-III, the 

data for study IV concerning patient demographics and pre- and postoperative 

period were retrospectively reviewed by the primary investigator (SL). The causes 

and time of death of the deceased were provided by Statistics Finland. The primary 

cause of death was used in the analysis. The causes of death were divided as being 

caused by primary cancer or other reasons. The classification for cause of death 

was made according to Statistics Finland’s Cause of Death registry.  

4.7 Ethics 

The studies I, II and IV were approved by the hospital administration. The Regional 

Ethics Committee of the Northern Ostrobothnia Hospital District, Oulu, Finland, 
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approved the protocol for study III and informed consent was obtained from all the 

interviewed patients. 

4.8 Statistical analysis 

This study consisted of a cohort of patients who underwent operations with FFS for 

the cancer of head and neck. Due to the study design, no sample size or power 

calculations were performed. For statistical analysis, IBM SPSS 23 software was 

used (IBM Corp., 2013; IBM SPSS Statistics for Windows, Version 22.0. Armonk, 

NY, USA). Continuous variables are presented in medians and 25th and 75th 

percentiles [25th-75th PCT]. Categorical variables are presented as numbers (n) and 

percentages (%). Continuous variables were analyzed using Mann-Whitney’s non-

parametric test and categorical variables were compared using Pearson’s chi square 

test or Fishers exact test. For mortality analyses, Kaplan-Meier survival curves 

were drawn. The scores of the domains for QOL questionnaires were presented as 

means. Poor QOL in each domain of the RAND-36 QOL questionnaire was 

determined as a difference of more than -2 SD compared to age-adjusted Finnish 

reference values. A p-value of less than 0.05 was considered as statistically 

significant. A multivariate Cox model was used to assess risk factors for long-term 

mortality (study IV). A potential risk factor was left in the model if its p-value was 

< 0.1 or it had significant effect on log likelihood value. The results of the Cox 

model are presented as hazard ratio (HR) with 95% confidence interval (95% CI). 
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5 Results 

5.1 Summary of the main results  

Table 7. The main results of the thesis  

Study Aim Main results 

I To evaluate the impact of SVV-guided 

fluid management in FFS for HNC 

SVV-guided fluid management reduces fluid 

administration and hospital LOS in FFS for HNC 

II To evaluate the onset and distribution  

of postoperative complications and  

their impact on outcome after FFS for 

HNC 

Postoperative complications after FFS for HNC are 

related to alcohol abuse, a more complicated 

intraoperative course and reconstruction with free 

flap with bone. 

Patients with early complications have a higher 

rate of any late complication. 

Patients with late complications have higher 

mortality than patients without late complications 

III To evaluate the QOL in patients with or 

without postoperative complications 

after FFS for HNC 

Patients with medical complications have lower 

QOL in all domains of RAND-36 except emotional 

well-being and also in certain domains of EORTC-

C30 and UW-QOL. 

QOL for patients without complications is 

comparable to the general population 

IV To evaluate the short-term and long-

term mortality and causes of death after 

FFS for HNC 

The most common cause of death after FFS for 

HNC is the primary disease. 

In multivariate analysis indicative for long-term 

mortality were male gender, low BMI, ASA>2 and 

late medical complications. 

5.2 Goal-directed fluid management (I) 

Goal-directed fluid management using SVV and Vigileo Flotrac® –device was 

performed in 48 of the 104 patients. Goal-directed fluid management reduced 

significantly the intraoperative fluid administration in FFS for cancer of the head 

and neck compared to the 56 patients with conventional fluid management. The 

reported blood loss was also lower and norepinephrine was used more often as a 

vasoactive drug among patients with goal-directed fluid management. The hospital 

LOS and the duration of the need for tracheostomy were significantly shorter in 

patients with goal-directed fluid management. Goal-directed fluid management had 

no impact on postoperative complications. (Table 8) 
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Table 8. The impact of goal-directed fluid management on peri- and postoperative 
variables. 

Perioperative variables Goal-directed fluid 

management (n=48) 

Conventional fluid 

management (n=56) 

p-value 

Fluids received during operation (mL) 6070 [4719-7135 8185 [6540-10155] <0.001 

Norepinephrine infusion 32 (66.7) 12 (21.4) <0.001 

Blood loss during operation (mL) 600 313-900 800 [500-1375] 0.022 

Hospital LOS (d) 11.5 [9.0-15] 14.0[10-21] 0.024 

Tracheostomy (d) 7 [4-10] 9.5 [6.3-17] 0.001 

5.3 Postoperative complications (II) 

A total of 86/136 (63.2%) patients had at least one postoperative complication. 

Patients with complications more often had excessive alcohol abuse, 

hypoalbuminemia, longer operation time, and higher intraoperative blood loss 

compared to patients without complications. They were also operated more often 

with fibular flap, had more often stage T4 tumor, longer ICU LOS and longer 

hospital LOS. (Table 9) 
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Table 9. Demographics and perioperative variables of patients with or without 
complications. 

Variable Complications n=86 No complications n=50  p-value 

Age (y) 66 [59-74] 65 [57-71] 0.43 

Gender (male) 52 (60.5] 23 [46.0] 0.10 

Excessive alcohol abuse 26 (24.4) 5 (10) 0.039 

Hypoalbuminemia 8 (9.3) 0 (0) 0.027 

Duration of operation (min) 565 [458-653] 479 [418-556] <0.001 

Blood loss (mL) 725 [400-1150] 525 [300-800] 0.042 

Free flap    

RFA 20 (23.3) 22 (44.0)  

Fibula 22 (25.6) 4 (8.0)  

ALT 24 (27.9) 15 (30.0) 0.063 

Scapula 5 (5.8) 2 (4.0)  

Lateral arm 5 (5.8) 4 (8.0)  

LD 3 (3.5) 0 (0.0)  

Others 7 (8.1) 3 (6.0)  

    

Tumor staging*    

T1 3 (3.8) 2 (4.3)  

T2 19 (23.8) 12 (25.5)  

T3 11 (13.7) 17 (36.2) 0.015 

T4 47 (58.7) 16 (34.0)  

ICU LOS (h) 24.0 [19.2-43.2] 21.6 [19.2-21.6] 0.022 

Hospital LOS (d) 15 [10-21]  9 [7-12] <0.001 

*tumor staging was available for 127 patients 

Medical complications were recorded in 37.5% of patients and surgical 

complications were recorded in 47.1% of patients. The mean onset of the first 

recorded complication was 7 [3-9] days for medical complications and 5 [2-10] 

days for surgical complications. Pneumonia was the most common medical 

complication, while the thromboembolic complications (DVT and PE) were 

recorded only three times in two patients. Myocardial infarction was the earliest (3 

[1–8] postoperative days) of the medical complications. The most common surgical 

complication was surgical site infection. The frequencies of medical and surgical 

complications are presented in Table 10. 

Reoperations were performed 72 times and the most common of those was 

surgical site revision, which covered 27.8% of the immediate reoperations. Surgical 

site exploration (1 [0–2] postoperative days) and hematoma evacuation (2 [1–6] 

postoperative days) were the earliest procedures performed because of the surgical 
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complications. The median time for infectious complications (i.e. surgical site 

infection, sepsis or pneumonia) was 5 (3–9) days after the operation. A total of 18 

(13.2%) patients underwent reoperation within 7 days. Total flap failure rate was 

10 (7.4%). (II) 

Table 10. Medical and surgical complications of 136 patients. 

Complications n=143 Frequency (%) 

Medical complications  70 

Pneumonia 36 (51.4) 

Sepsis 9 (12.9) 

Myocardial infarction 7 (10.0) 

Pulmonary edema 13 (18.6) 

Pulmonary embolism 1 (1.4) 

Deep venous thrombosis 2 (2.9) 

      Stroke 1 (1.4) 

      Acute kidney injury 1 (1.4) 

Surgical complications 73 

Surgical site infection 36 (49.3) 

Surgical site hematoma 22 (30.1) 

Partial flap failure 5 (6.8) 

       Total flap failure 10 (13.7) 

Early complications were recorded in 50.7% of patients. Patients with early 

complications had a higher rate of alcohol abuse, longer operation time, longer 

hospital LOS and more often stage T4 tumor compared to patients without early 

complications. Patients with early complications had a higher rate of any late 

complication, but early complications were not associated with increased mortality. 

(II) (Table 11) 

Late complications were recorded in 42.6% of patients. Patients with late 

complications were more often recorded as ASA 3-4 compared to patients without 

late complications but there was no difference in the rate of alcohol abuse or 

smoking between the groups. Patients with late complications had longer operation 

time, longer hospital LOS and higher mortality compared to patients without 

complications. (Table 12) 
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Table 11. Demographics and perioperative variables of patients with or without early 
complications. 

Variable Early complications  

n= 69 (50.7) 

No early complications  

n=67 (49.3) 

p-value 

ASA classification >2 36 (52.2) 37 (55.2) 0.72 

Smoking 28 (40.6) 28 (41.8) 0.89 

Excessive alcohol abuse 18 (26.1) 8 (11.9) 0.036 

Length of operation (min) 566 [451-660] 495 [423-569] 0.016 

Tumor staging T4  41/64 (64.1) 22/63 (34.9) 0.013 

Any late complication 44 (63.8) 14 (20.9) <0.001 

Hospital LOS (d) 15 [10-22] 10 [8-14] <0.001 

Table 12. Demographics and perioperative variables of patients with or without late 
complications. 

Variable Late complications 

n=58 (42.6) 

No late complications 

n=78 (57.4) 

p-value 

ASA classification>2 38 (65.5) 35 (44.9) 0.017 

Length of operation (min) 665[595-733] 567 [512-647] 0.001 

Hospital LOS 17 [14-24] 9.5 [8-14] <0.001 

Long-term mortality 33 (55.9) 26 (44.1) 0.006 

5.4 QOL (III) 

5.4.1 General QOL 

According to the results of the RAND-36 questionnaire, QOL of the 53 assessed 

patients was comparable to the general age-adjusted Finnish population in domains 

of emotional role functioning, social functioning, and pain. The general health 

scores were lower in patients < 65 years of age compared to older patients. A total 

of 13 (24.5%) patients reported at least one RAND-36 domain below -2 SD of the 

age-adjusted reference value. 

5.4.2 Disease-specific QOL 

In this study, disease-specific QOL was evaluated with EORTC–C30, EORTC-

H&N35 and UW-QOL. Among the head and neck-specific symptom scales, the 

most predominant of EORTC-H&N35 domains were dry mouth, sticky saliva, 

mouth opening and social eating, and of UW-QOL domains appearance, saliva and 
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chewing. The reported mean scores of EORTC-H&N35 were for sticky saliva 30.8 

(SD 33.9), dry mouth 51.6 (SD 34.3), opening mouth 32.1 (SD 32.7) and social 

eating 30.5 (SD 29.8). Accordingly, the mean scores of UW-QOL were for 

appearance 65.6 (SD 27.8), saliva 58.5 (SD 31.9) and chewing 54.7 (SD 34.3). 

There was no difference in head and neck-specific symptoms between the patients 

with or without complications.  

Among the functional scales of EORTC-C30, the highest mean scores were 

reported for cognitive function (91.5 [SD 11.1]) and lowest for physical function 

(78.4 [SD 24.9]). The highest mean scores of the symptom scales in EORTC-C30 

were reported from pain (24.1 [SD 21.1]), insomnia (27.8 [SD 21.4]) and financial 

difficulties (25.0 [SD 15.7]). 

5.4.3 Complications and QOL 

There was no difference in any of the RAND-36 domains or in the EORTC QLQ-

C30 and EORTC QLQ-H&N-35 domains between patients with or without 

postoperative complications. The general health scores of RAND-36 were lower 

among patients with complications (49.5 [SD 24.2] vs. 59.4 [SD 19.0], p=0.061), 

but the difference was not significant. According to the UW-QOL questionnaire, 

patients with postoperative complications reported a lower mean score for activity 

than patients without complications (68.8 [SD 27.7] vs. 83.3 [SD 24.1], p=0.024) 

but there was no difference in the selection of the most important UW-QOL 

domains (activity, speech, recreation, mood, and swallowing).  

Patients with medical complications had lower scores in four domains of the 

RAND-36 (physical role functioning, emotional role functioning, emotional well-

being, and pain) and lower EORTC QLQ-C30 sores in the domains of pain, 

insomnia, and financial difficulties compared to patients without medical 

complications. Six (50.0%) patients with medical complications had at least one 

RAND-36 domain below age-adjusted reference values compared to 7 (17.1%, 

p=0.020) patients without medical complications. There were no differences in the 

head- and neck-specific EORTC QLQ-H&N35 domains. According to the UW-

QOL questionnaire, patients with medical complications had lower scores in the 

domains of pain, activity and recreation than patients without medical 

complications. (Table 13) 

Patients with surgical complications did not report different scores in any of 

the domains of the used questionnaires compared to patients without surgical 

complications.  
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Table 13. QOL of patients with or without medical complications. 

Domain (mean scale) Medical complication 

n=12 

No medical complication 

n=41 

p-value 

RAND-36    

Role functioning physical 53.1 (35.0) 74.1 (33.7) 0.045 

Role functioning emotional 58.3 (35.2) 77.2 (36.1) 0.040 

Emotional well-being 75.3 (11.3) 83.3 (13.5) 0.022 

Pain 63.5 (16.9) 80.5 (23.4) 0.011 

EORTC QLQ-C30    

Pain 

Insomnia 

Financial difficulties 

38.9 (20.5) 

34.2 (38.9) 

36.1 (36.1) 

15.9 (22.7) 

23.7 (16.3) 

9.8 (17.1) 

0.001 

0.025 

0.010 

UW-QOL    

Pain 

Activity 

Recreation 

58.3 (16.3) 

64.6 (27.1) 

68.8 (21.7) 

79.9 (22.5) 

78.8 (26.3) 

82.9 (24.6) 

0.003 

0.018 

0.018 

5.5 Six-minute walk test and hand grip strength test 

A total of 42 of the 53 (79.2%) patients whose QOL was evaluated in study III, 

performed six-minute walk test with a median result of 485 [377-561] m. In the 

majority of those, the results were comparable to age and sex-adjusted reference 

values; the median result was 92.4 [73.5-107.5] % of the reference values. There 

was no difference in the results of patients with or without postoperative 

complications.  

Hand grip strength test for the dominant hand was also performed on 42 

patients with median results of 28.5 [19.5-35.8] kg. A total of 25.0 % (n=12) of the 

patients achieved class 4 or 5 in the test while 66.7% (n=16) were in the lowest 

class. There was no difference in the results of patients with or without 

postoperative complications. 

5.6 Mortality and causes of deaths (IV) 

5.6.1 Survival 

A total of 62 (42.5%) of the operated patients had died by the end of the year 2016. 

The majority of the deaths in the study population occurred within two years of the 

operation. (Fig 1) The mortality rate of those followed five years was 54.1%, and 
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only two of the deceased survived beyond five years. There was no difference in 

the survival time between those who died due to the primary tumor (396 [278-634] 

days) compared to those who died due to other causes (428 [319-979] days, 

p=0.364). (IV) 

Fig. 1. Survival curve of 146 patients operated during 2008-2016. 

5.6.2 Short-term mortality 

There were no deaths during the hospital stay from the operation until discharge. 

Ten patients (6.8%) died within six months from surgery. Their CRP levels on the 

first postoperative day were higher compared to six-month survivors. They also 

had lower preoperative albumin levels and lower BMI, were more often males and 

had more often late medical complications compared to six-month survivors. (Table 

14) (IV) 
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Table 14. Main differences between 6-month non-survivors and survivors. 

Variable ≥6-m non-survivors 

n=10 

≥6-m survivors 

n=136 

p-value 

Gender (male) 9 (90) 71 (52.2) 0.020 

BMI 20.7 [16.7-26.6] 23.7 [20.6-26.9] 0.034 

Preoperative albumin (g/L) 38 [34-43] 43 [41-45] 0.002 

CRP (the 1st postoperative day) (mg/L) 111 [98-128] 68 [51-91] 0.006 

Late medical complication 8 (80.0) 43 (32.4) 0.002 

A total of 27 (18.5%) patients died within one year of the operation. Most of the 

one-year non-survivors were males and more often recorded as ASA 3-4 compared 

to the one-year survivors. Among the one-year non-survivors the preoperative 

albumin level was lower and the SOFA admission score was higher compared to 

the one-year survivors. Medical complications were more frequent among those 

who died within one year following operation but there was no difference in 

mortality between patients with or without surgical complications) (Table 15) 

Table 15. Main differences between one-year survivors and non-survivors. 

Variable 1-y non-survivor 

n=27 

1-y survivor 

n=119 

p-value 

Gender (male) 21 (77.7) 59 (49.6) 0.008 

ASA classification>2 22 (81.5) 59 (49.6) 0.003 

Preoperative albumin (g/L) 42 [37-44] 43 [41-45] 0.032 

SOFA admission score 4 [3-5] 3 [2-4] 0.013 

Medical complication 16 (59.3) 37 (31.1) 0.006 

Surgical complication 12 (44.4) 58 (48.7) 0.69 

5.6.3 Long-term mortality 

Most of the deaths in the study population occurred within two years of the 

operation. (Fig 1) According to the Cox regression analysis, risk-factors for long-

term mortality were BMI below 20, (OR 1.90 (CI 1.00-3.60), p=0.049), ASA 

classification above 2, (OR 2.15 (CI 1.20-3.85), p=0.010), male gender, (OR 2.71 

(CI 1.50-4.88), p=0.001), and late medical complications (OR 1.82 (CI 1.07-3.11), 

p=0.027). The OR for 1g/L increase in blood albumin level for long-term mortality 

was 0.93 (CI 0.87-1.00, p=0.052). 
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5.6.4 Causes of deaths 

Cancer of the head and neck was the registered cause of death in 72.6% (45/62) of 

the deaths. In 17 (27.4%) of the deceased, the cause of death was other than cancer 

of the head and neck. The patient demographics did not differ between those with 

the primary diagnosis as a cause of death and those who had other diagnosis as a 

cause of death. Patients with T-stage of T1 or T2 died more often due to other causes 

than the primary tumor compared to patients with T-stage of T3 or T4 (50% vs. 

21.3%, p=0.046). The causes of death did not differ between those deceased with 

or without postoperative complications. The patients who underwent operations 

due to larynx carcinoma and parotid gland carcinoma had the highest mortality 

(Table 16) 

Table 16. Causes of death of the 62 patients. 

Cause of death Site of primary tumor n (%) Mortality rate of the 

operated patients 

(%) 

Median survival of 

the deceased 

(months) 

Head and neck 

cancer diagnosis 

Oral cavity/tongue 17 (27.4) 28.3 12 [8-16] 

Maxilla 5 (8.1) 35.7 21 [14-23] 

Mandible 2 (3.2) 8.3 16 [9-23] 

Larynx/pharynx 10 (16.1) 66.7 8.5 [5-16] 

Skin melanoma 3 (4.8) 30.0 18 [11-26] 

Palatinal 1 (1.6) 11.1 4 

Buccal mucosa 5 (8.1) 41.7 13 [12-15] 

Parotid gland 2 (3.2) 66.7 10, 13 

Cardiovascular 

diseases 

  

9 (14.5) 

  

11 [7-27] 

Other cancer  3 (4.8)  14 [12-23] 

Other reasons  5 (8.1)  19 [12-53] 



59 

6 Discussion 

6.1 Main findings of the thesis 

The present results of the thesis highlight the impact of medical complications on 

postoperative recovery after FFS for cancer of the head and neck. Patients with 

medical complications had lower measured QOL scores and they also had higher 

mortality compared to patients without medical complications. (II, III, IV) QOL of 

patients without postoperative complications was comparable to the age-adjusted 

general population. (III) There was no relation between intraoperative factors and 

surgical complications and medical complications. (II) This is a novel finding and 

has not been reported previously. 

The onset of postoperative complications (early and late) has not been 

previously described in this group of patients. The impact of late complications on 

mortality is also a novel finding. This thesis reports the significant impact of early 

complications on any late complications. Patients with late complications had 

higher mortality compared to patients without late complications. (II, IV) 

This study also reports the impact of patient-related factors (comorbidity, 

hypoalbuminemia and alcohol abuse) on postoperative complications and mortality. 

(II, IV) Advanced tumor size was not an independent risk factor for long-term 

mortality, contrary to previous reports (Ch'ng et al. 2014, Mucke et al. 2010). (IV)  

6.2 Strengths and generalizability of the results 

This thesis has several significant strengths. It is a population-based single centre 

study including all the patients undergoing operation due to head and neck cancer 

with free flap repair in Oulu University Hospital during 2008-2016. Data 

concerning the demographics of the study population and intraoperative factors are 

comparable with previous studies reporting equal distribution of age, smoking, 

alcohol abuse, comorbidity as well as free flap donor site and duration of operation, 

which enables the generalizations of the results to similar centers. Oulu University 

Hospital can be considered as a low/moderate-volume centre with recent annual 

operation frequency of 30 and over. However, the postoperative outcome is also 

mainly comparable to high-volume centers making the results of the study 

generalizable to low, moderate and high-volume centers. During the study period, 

experienced head and neck surgeons and plastic surgeons have performed the 
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operations; the surgical technique and operative manners have not significantly 

changed over the years and the same clinical practice was used during the study 

period which can also be considered as strength of the study.  

QOL was measured using four validated questionnaires covering a broad view 

of both disease-specific and general QOL in this patient group. The response rate 

was also very high; QOL was assessed in nearly all of the patients still alive (98.1%) 

resulting in a high number of the included patients compared to many previous 

studies (Al-Hayder et al. 2017, Hikosaka et al. 2011, Li et al. 2015, Markkanen-

Leppanen et al. 2006, Momeni et al. 2013, Zhang et al. 2013). More than 90% of 

the patients were interviewed personally by the primary investigator, which 

increases the reliability of the results. General QOL was measured using the 

RAND-36 QOL questionnaire. The Finnish age-adjusted reference values of 

RAND-36 are available and were used for comparison and determination of poor 

QOL in the study population. This makes the results generalizable and comparable 

to the larger population. 

Statistics Finland has provided the causes of deaths in this study. The validity 

of the data has previously been shown to be good in Finland making the results 

reliable and increasing the strength of the study (Lahti & Penttilä 1995). 

6.3 Study population 

We found several patient-related risk factors which were more common in the study 

population compared to the general population according to FINRISK-study, 

including smoking and excess alcohol abuse (Härkönen et al. 2017, National 

Institute of Health and Welfare. 2018). Despite the impact of low albumin level on 

postoperative complications and long-term mortality, the preoperative albumin 

levels were within reference values in most of the patients. Accordingly, low BMI 

was related to mortality but majority of the patients had normal BMI. Most of the 

patients had comorbidities and more than 50% of them were recorded as ASA 3-4. 

These findings highlight the significance of high ASA-classification and 

preoperative malnutrition and frailty on postoperative complications and mortality. 

The impact of low BMI and comorbidities on mortality has also been reported in 

previous studies concerning survival after i.e. lung and gastric cancer, myocardial 

infarction and ICU stay (Bucholz et al. 2016, Lee et al. 2016, Sakr et al. 2015, 

Sepesi et al. 2017). 
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6.4 Goal-directed fluid management (I) 

Goal-directed fluid management using SVV analysis led to a significant reduction 

in fluid administration and hospital LOS. In concordance with previous studies, 

goal-directed fluid management had no impact on the number of postoperative 

complications (Hand et al. 2016, Kim et al. 2018). Complications were reported in 

66% of patients and there was no difference in the rate of medical and surgical 

complications between patients treated with goal-directed fluid management or 

those who had conventional fluid management.  

Intraoperative fluid overload is associated with increased postoperative 

morbidity after FFS for cancer of the head and neck (Booi 2010, Clark et al. 2007, 

Ettinger et al. 2017, Namdar et al. 2010, Patel et al. 2010), but a negative fluid 

balance is also harmful and may increase the risk of postoperative flap thrombosis 

(Nelson et al. 2015). Etiology of complications after the immediate postoperative 

period is often multifactorial. The present study (I) reports a trend towards less flap 

failures and wound infections when using goal-directed fluid management but the 

differences were not statistically significant.  

It is notable that the majority of patients in this study had chronic cardiac 

diseases which can affect the reliability of SVV analysis by altered vascular tone 

and partly explains the absence of the significant positive impact of goal-directed 

fluid management on postoperative complications. Similar findings of the possible 

inaccuracy of SVV-analysis have also been reported in patients with intracranial 

hemorrhage (Junttila et al. 2011). In the present study population comorbidity is 

high, which further increases the risk for postoperative complications and may 

diminish postoperative recovery in spite of judicious fluid management. 

6.5 Postoperative complications (II) 

Compared to other major surgery, postoperative complications are more frequent 

after FFS for cancer of the head and neck (Sorensen et al. 2007, Straatman et al. 

2016). In the present study population, the rate of postoperative complications 

varied between 61-69% (I, II, III, IV). Patients with complications more often had 

alcohol abuse, hypoalbuminemia and more advanced tumors, a more complicated 

intraoperative course and more frequently underwent fibular free flap 

reconstruction. Unlike reported in previous studies (Clark et al. 2007, Jones et al. 

2007, Patel et al. 2010), complications were not related to smoking, comorbidity 

or advanced age. Present findings highlight the significant impact of patient-related 
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factors on postoperative outcome. For example, advanced age is not an absolute 

contraindication even for major cancer surgery if other risk factors such as 

malnutrition or alcohol abuse are identified preoperatively.  

In line with previous studies, the present results report that pneumonia is the 

most predominating medical complication after FFS for cancer of the head and 

neck (Clark et al. 2007, McMahon et al. 2017, Patel et al. 2010, Pohlenz et al. 2012, 

Suh et al. 2004). In this study, pneumonia comprised 51% of medical complications 

(II). Medical complications lead to increased costs after reconstructive surgery; 

respiratory insufficiency requiring respiratory support and ICU care may result in 

a 70% increase in true costs postoperatively (Jones et al. 2007). Also, patients with 

medical complications had higher one-year mortality compared to patients without 

medical complications and late medical complications were significant risk factors 

for long-term mortality. 

6.5.1 Onset of complications 

In this study population, early complications were recorded in 50.7% of patients 

and late complications in 42.6% of patients. The onset of postoperative 

complications (early and late) has not been described by previous studies about 

cancer of the head and neck. According to the present results, infectious 

complications (pneumonia, surgical site infection, sepsis) usually occur after the 

fifth postoperative day and can be defined as late complications. The significant 

impact of late complications on mortality is also a novel finding: patients with late 

complications had higher mortality compared to patients without late complications. 

This thesis also reports the significant relation between early and late complications. 

According to the present study, classification of complications should include 

not only surgical and medical complications but also onset of complications. This 

determination may clarify the important relation between early and late 

complications reflecting further long-term outcome and mortality. 

6.6 QOL (III) 

6.6.1 General QOL after FFS 

The present study (III) reports that QOL after FFS for cancer of the head and neck 

is comparable to the age-adjusted general Finnish population measured with 
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RAND-36. Also, when measured with disease-specific QOL tools (UW-QOL, 

EORTC H&N35), general QOL seems to remain comparable to previous studies 

assessing QOL 12-24 months after FFS (Bozec et al. 2008, Markkanen-Leppanen 

et al. 2006, Momeni et al. 2013, Pierre et al. 2014b). Interestingly, the general 

health scores of RAND-36 were lower in patients aged less than 65 years. This is 

in line with the previous findings by Pierre and Bozec, and supports the hypothesis 

that patient-related factors such as comorbidity, alcohol abuse and malnutrition are 

more important than age alone when considering surgical interventions and their 

possible impact on long-term QOL.  

6.6.2 Disease-specific QOL after FFS 

According to the present results (III), the most deteriorated domains of head and 

neck specific QOL in this patient group were dry mouth, sticky saliva, mouth 

opening and social eating measured with EORTC H&N 35, as well as chewing, 

saliva and appearance measured with UW-QOL. These findings in as well as the 

mean scores for those domains are in line with previous studies (Al-Hayder et al. 

2017, Bozec et al. 2008, Li et al. 2013, Markkanen-Leppanen et al. 2006, Momeni 

et al. 2013, Oskam et al. 2013, Pierre et al. 2014b). Despite these reduced scores 

in certain domains of disease-specific QOL, general QOL of the study population 

was comparable to QOL of the Finnish age-adjusted population. This indicates that 

QOL assessed using general tools, such as RAND-36, may not recognize the 

significant reduction of QOL caused by loss of normal body function in the 

operated area. 

6.6.3 Postoperative complications and QOL 

Those patients with medical complications reported significantly lower QOL after 

FFS for cancer of the head and neck compared to patients without medical 

complications, which is a novel finding. Those with medical complications had 

lower measured QOL scores in 7/8 domains of RAND-36 and also in certain 

general domains of EORTC-C30 (pain, insomnia, financial difficulties) and UW-

QOL (pain, activity, recreation). The present study reported the significant 

deterioration of QOL with three questionnaires in patients with medical 

complications. This can be considered as a wide evaluation compared to previous 

studies which reported the impact of complications on QOL measured with one 
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tool, and often as a secondary finding (Li et al. 2013, Markkanen-Leppanen et al. 

2006, Momeni et al. 2013).  

In this study population, the patients with medical complications were more 

likely to have preoperative ASA classification 3-4, and their CCI scores were higher 

compared to patients without medical complications. These patients may have a 

lower functional capacity preoperatively which has a negative impact on their 

postoperative recovery causing further medical complications. They may not be 

able to reach their preoperative functional level, both physically and mentally, 

which reflects negatively on their postoperative QOL. Medical complications like 

pneumonia and myocardial infarction may also have prolonged consequences 

which can result to a permanent deterioration on QOL. 

Interestingly, patients with surgical complications did not report lower scores 

in any of the domains of the used questionnaires. This may be explained by the 

recovery process: even those surgical complications categorized as major, such as 

total flap failure, will be treated completely during hospital stay. It could be 

hypothesized that after hospital discharge patients without medical complications 

will recover gradually back to preoperative level and will reach their normal or 

close to normal functional capacity without significant deterioration on QOL. 

These findings could also be considered as the deficiency of RAND-36 to recognize 

the impact of surgical complications on QOL. Surgical complications may have 

more impact on disease-specific QOL (swallowing, speech) and RAND-36 is a not 

a specific tool to recognize these problems.  

According to this study, QOL of patients without complications is comparable 

to the general Finnish population. This supports the hypothesis that when the 

perioperative course is uncompromised, these patients will reach their preoperative 

level and their QOL is satisfactory, even in those with many comorbidities and 

advanced age.  

In this study population, there was no difference in the disease-specific QOL 

between the patients with or without complications measured with EORTC-

H&N35. When measured with UW-QOL, only the domain “activity” had lower 

scores among patients with complications but there was no difference in other 

domains. Patients with medical complications more often reported financial 

difficulties, insomnia and pain in EORTC-C30 (cancer-specific QOL tool) and 

reduced scores in two general domains (activity and recreation) in UW-QOL.  

According to the present study, postoperative complications have a more 

significant impact on general QOL than disease-specific QOL. RAND-36 is a 

specific tool to assess general QOL which could explain the absence of the positive 
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findings in disease-specific QOL tools such as EORTC-H&N and also in UW-QOL, 

excluding the certain general domains.  

6.7 Mortality (IV) 

In most studies of head and neck cancer surgery, short-term mortality is defined as 

the number of deaths within 30-180 days after operation or diagnosis (Datema et 

al. 2010, Nouraei et al. 2013, Pohlenz et al. 2012). In the present study, short-term 

mortality has been defined as mortality within six months after operation and long-

term mortality was defined as mortality within more than six months after operation. 

The variation in classification of short-term and long-term mortality complicates 

the comparison of the postoperative mortality rates between studies. 

6.7.1 Short term mortality 

All the patients were in-hospital survivors and only ten of the operated patients 

(6.8%) died within less than six months. This highlights the careful and judicious 

perioperative management of this patient group; furthermore, there were no 

complication-related deaths in the study population. According to previous studies, 

the in-hospital mortality has been reported to be 1-5% (Pohlenz et al. 2013, Suh et 

al. 2004). In the present study population, six-month non-survivors were more 

often recorded as ASA 3-4 and had lower preoperative BMI and albumin levels 

compared to the six-month survivors. They also received more fluids 

intraoperatively and had higher postoperative CRP levels.  

According to the present study (II), a more complicated intraoperative course 

(bleeding, long operation) demanding excess intraoperative fluid load may be 

associated with immediate postoperative complications which further complicate 

recovery from surgery and may have an impact on short-term mortality. 

Accordingly, the increased postoperative CRP level may also be a consequence 

from a challenging intraoperative course causing postoperative inflammatory 

response which may have an impact on short-term mortality and outcome, in line 

with findings by McMahon (McMahon et al. 2017). Similar findings have also been 

reported after surgery for colorectal cancer (McSorley et al. 2016). Because of the 

limited number of patients, this issue needs further studies. The present results are 

not directly generalizable to the larger population and are only hypothetical.  
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6.7.2 Long-term mortality 

The novel finding of this study is that advanced tumor staging was not associated 

with mortality and poor outcome, which has previously been reported as a risk-

factor for unfavorable outcome (Ch'ng et al. 2014, Pohlenz et al. 2012, Rogers et 

al. 2009). According to the present results, patient-related factors including 

comorbidities as well as malnutrition and low albumin level play an important role 

in long-term survival. The inflammatory response (increased levels CRP and 

leucocytes), which was shown in this population in six months non-survivors may 

also have an impact on outcome but this needs further studies. 

This study also emphasizes the impact of late medical complications on long-

term survival, which has not previously been reported. Patients with medical 

complications are more often reported as ASA 3-4 and have higher CCI scores and 

more often comorbidities compared to patients without medical complications. The 

functional capacity of these patients can be limited preoperatively and may lead to 

compromised recovery from the medical complications. The tumor staging and 

intraoperative factors were less important compared to patient-related factors when 

making decisions regarding on whom to operate and determining the long-term 

outcome after FFS for cancer of the head and neck. If possible, optimizing the 

preoperative health state preoperatively may reduce postoperative complications 

and also have an impact on mortality. 

6.7.3 Causes of deaths 

The present study reported cancer of the head and neck as a cause of death in 72.6% 

of deaths, which is in line with findings by Ch’ng et al (Ch'ng et al. 2014). The 

median survival time of those who died with the primary cancer diagnosis as the 

cause of death did not differ from the survival time of those who had other causes 

of death. Despite the high rate of complications, no patients died due to 

complications and complications were not directly related to cause of death. There 

is a lack of other studies covering the causes of death after the immediate 

postoperative period, which makes it difficult to compare these results with other 

investigators excluding Ch’ng. 

Previous studies have reported the second primary malignancy to be the 

leading cause of death among head and neck cancer patients but these reports 

include all head and neck cancer patients, not only those after FFS (Baxi et al. 2014, 

Massa et al. 2017). In the present study population, the second most common cause 
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of death was cardiovascular disease and other malignancies were not 

predominating. This study population also has an increased risk for second primary 

malignancies due to the high proportion of smokers and alcohol abusers. In addition, 

the second predominating cause of death was cardiovascular disease which is the 

leading cause of death in Finland (Statistics Finland), and may explain the 

difference compared to previous studies.  

6.8 Limitations of the thesis 

The retrospective setting of the studies I, II and IV as well as the small size of the 

study population can be considered as a limitation of this thesis. However, this was 

a population-based single-center study including all the consecutive patients 

operated with free flap repair due to cancer of the head and neck in Oulu University 

Hospital during 2008-2016. Due to a reasonably rare type of cancer and specific 

surgical procedure, the number of patients cannot be high. Increasing the study 

population would have expanded the time frame resulting in possible bias, 

including changes in perioperative management and oncologic care. 

The definition for postoperative complications after head and neck surgery is 

not standardized and varies between the previous studies. The classification of 

complications used in this study has not been previously reported or used. The 

Clavien-Dindo classification for complications is widely used in general surgery 

and has also become more common in head and neck surgery. It is based mostly on 

the interventions required to treat the complications and on the severity of 

complications (Clavien et al. 2009). The classification is validated for patients 

undergoing general surgical procedures, not oncological surgery, but recent studies 

have supported its use in major head and neck cancer surgery as well (Monteiro et 

al. 2014). The main disadvantage of Clavien-Dindo classification is a lack of 

categorizing the complications as surgical and medical, thus in most studies, 

Clavien-Dindo classification is used with another classification system to describe 

the distribution of complications (le Nobel et al. 2012, McMahon et al. 2013, 

Perisanidis et al. 2012). 

In study III, the QOL was assessed with four tools. However, the specific 

depression scale was not used and the psychological aspect of QOL was not 

adequately measured which can be seen as a limitation. Accordingly, the impact of 

low albumin level on complications and mortality was reported in this thesis but in 

the prospective study (III) the postoperative albumin levels or any other laboratory 
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tests describing the general health of the patients were not included. Moreover, BMI 

as another marker of possible malnutrition was not measured. 

Due to malign disease with high mortality, it was not possible to assess QOL 

of the all patients in the study population. This led to the limited number of patients. 

Specifically, patients with medical complications had a high rate of mortality and 

their QOL was deteriorated when it was able to be measured. It would have been 

interesting to evaluate QOL of patients with medical complications in a larger study 

population. Furthermore, because of the high mortality, the limited number of 

patients and various perioperative variables, multivariate analysis was not 

conducted on the risk-factors for short-term mortality and postoperative 

complications. 

6.9 Clinical impact 

According to the present results, it seems that tumor staging and intraoperative 

factors have a less important impact on the outcome after FFS for cancer of the 

head and neck. On the other hand, patient-related factors seem to be more important 

and should play a major role in decisions regarding on whom to operate. If possible, 

optimizing the preoperative health state may reduce postoperative complications 

and could also have a further impact on mortality. Because low albumin level is 

associated with complications, preoperative treatment of malnutrition could be 

useful, at least in patients who have other risk-factors (comorbidities, alcohol abuse) 

for postoperative complications.  

In addition, prevention of early complications could have an impact on 

reducing the rate of late complications since late complications were more often 

recorded in patients with early complications and were associated with poor long-

term outcome. (II) In this material, early complications included myocardial 

infarction and immediate reoperations due to surgical site problems. The more 

intensive postoperative monitoring, including continuous ECG-monitoring to show 

possible ischemic changes, as well as free flap monitoring to assess the circulatory 

status of the flap, should be considered to be made routine practice to reduce the 

high rate of postoperative complications and improve outcome after FFS for cancer 

of the head and neck. Moreover, the implementation of judicious and elaborate 

surgical techniques can reduce the need of reoperations, something which can, at 

least in part, further prevent late complications. 

In this study, patients with medical complications reported lower QOL and had 

higher mortality than patients without medical complications. To improve the QOL 
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and survival in this patient group, the focus should be turned initially to adequate 

patient selection in order to reduce the rate of medical complications and following 

this, to the more efficient and qualified postoperative care of these patients. Daily 

individual physiotherapy, nutritional therapy guided by a dietician, meetings with 

social workers to prepare the optimal circumstances for discharge and regular 

postoperative follow-up appointments as well as contacts with a cancer nurse are 

all important factors to consider when developing postoperative care in this patient 

group. Interventions including chest physiotherapy, early mobilization and diligent 

tracheostomy care have been reported as reducing the rate of pulmonary 

complications after FFS for cancer of the head and neck (Yeung et al 2014). 

According to the present results, the prevention of medical complications such as 

pneumonia or respiratory insufficiency may have further impact on QOL. 

Moreover, the patients with medical complications could benefit from more 

intensive postoperative follow-up appointments where their QOL and recovery can 

be evaluated, and specific supportive procedures and rehabilitation can be offered 

if needed.  

6.10 Future studies 

This thesis raises several issues for further studies. The study analyzing QOL after 

neck dissection due to cancer of the head and neck has already been drafted.  

Postoperative QOL and especially the impact of postoperative complications 

on QOL should also be evaluated following other types of major cancer surgery 

with a known high rate of complications such as esophageal resections and Whipple 

operations. In particular, it would be interesting to assess if the medical 

complications as well as the onset of complications have any impact on mortality 

and QOL in other major surgery as well.  

The medical complications were associated with both unfavorable outcomes: 

poor QOL and higher long-term mortality. The risk-factors for medical 

complications should therefore be studied in a larger patient group undergoing FFS 

for cancer of the head and neck. This is an important issue not only in head and 

neck surgery, but in all major surgery, and this could guide physicians to the most 

adequate patient selection.  

In this study population, higher CRP and leucocyte levels were recorded on the 

first postoperative day in the 1-year non-survivors, which was an unexpected 

finding, especially, when taking in account that most of the deceased survived 

beyond 3 months. The role of systemic inflammatory response resulting from the 
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magnitude of surgery is still unclear and it also needs further studies in this 

particular patient group. It would be interesting to evaluate its impact on 

complications, especially among patients reconstructed with fibula flap or other 

osseous flaps which are reported to have more postoperative complications 

compared to free soft tissue flaps. 

The impact of goal-directed fluid management on complications and outcome 

after FFS for cancer of the head and neck is still unclear. It should be investigated 

in the prospective randomized setting with a larger population and strictly 

standardized perioperative care (including also postoperative fluid management 

and daily evaluation of fluid balance). The role of albumin in fluid management 

and its possible relationship to further complications also requires more 

investigation. 

6.11 Summary of the thesis 

Patient-related factors play an important role in affecting outcome after FFS for 

cancer of the head and neck. Postoperative medical complications have a 

significant impact on QOL and long-term outcome and prevention of them, as well 

as adequate patient selection, are essential when aiming to improve the outcome 

after FFS for cancer of the head and neck. The judicious treatment of the 

intraoperative period has a less significant role in removing the risk for 

postoperative complications, but prevention of early complications could reduce 

the rate of late complications. Long-term mortality after FFS for the cancer of head 

and neck is significant, but most of the deceased died within two years of operation. 

Survivors without medical complications reported QOL, which was comparable to 

the age-adjusted general population, indicating a good result for uncomplicated 

surgery. 
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7 Conclusions 
1. SVV-guided goal-directed fluid management reduces the intraoperative fluid 

administration in FFS for cancer of the head and neck but it has no impact on 

the rate of postoperative complications. (I) 

2. More than half of the patients have postoperative complications after FFS for 

cancer of the head and neck. The mean onset of medical complications is 7 [3-

9] days and the mean onset of surgical complications is 5 [2-10] days. Late 

complications have a significant impact on mortality. (II) 

3. Patients without postoperative complications report QOL comparable to the 

general population after FFS for cancer of the head and neck. Medical 

complications had a significant negative impact on QOL. (III) 

4. The most common cause of death after FFS for cancer of the head and neck is 

the primary disease. Long-term mortality is significant, and most of the 

deceased die within two years following the operation. (IV) 
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