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Ágrip 

Bakgrunnur: Stærri kviðarholsaðgerðir og fylgikvillar þeim tengdir eru mikilvæg orsök veikinda og 

dauðsfalla um allan heim. Markmið þessarar rannsóknar var að kanna skammtíma- og langtíma lifun 

og finna þætti sem hafa áhrif á fylgikvilla og dánartíðni eftir kviðarholsaðgerðir.   

Efni og aðferðir: Í þessari framsýnu rannsókn voru þátttakendur allir fullorðnir inniliggjandi 

sjúklingar sem undirgengust kviðarholsaðgerðir á LSH á tímabilinu 01.01.2014 – 31.01.2015. 

Þátttakendum var fylgt eftir í 60 daga m.t.t. fylgikvilla og 24 mánuði m.t.t. dánartíðni. Upplýsingum var 

safnað um áhættuþætti, skurðaðgerðir, legutíma, fylgikvilla, gjörgæsluinnlagnir og dánartíðni. 

Niðurstöður: Fullnægjandi gögn fengust fyrir 1113 (99.5%) af þeim 1119 þátttakendum sem 

uppfylltu rannsóknarskilmerkin. Alls voru 23% þátttakenda með a.m.k. einn undirliggjandi sjúkdóm. 

Bráðaaðgerðir voru 48% og 13% þátttakenda voru lagðir inn á gjörgæslu eftir aðgerð, þar af 7% sem 

bráðainnlagnir. Alls fengu 20% þátttakenda fylgikvilla, þar af 12% meiriháttar fylgikvilla. Dánartíðni eftir 

30 daga var 1,8%, eftir 12 mánuði 5,6% og 8,3% eftir 24 mánuði. Dánartíðni eftir 24 mánuði hjá þeim 

sem lögðust inn á gjörgæslu var 24%, og 28,9% hjá þeim sem fengu meiriháttar fylgikvilla. Sjálfstæðir 

áhættuþættir fyrir meiriháttar fylgikvillum voru American Society of Anesthesiologists (ASA) skor og að 

undirgangast meðalstóra- eða meiriháttar aðgerð. Sjálfstæðir áhættuþættir fyrir dánartíðni eftir 12 

mánuði voru aldur, bráður nýrnaskaði fyrir aðgerð og að undirgangast meðalstóra- eða meiriháttar 

aðgerð.  

Ályktun: Helmingur kviðarholsaðgerða á Landspítala á tímabilinu voru bráðaaðgerðir og 

undrliggjandi sjúkdómar voru algengir. Skamm- og langtíma dánartíðni var lág miðað við erlendar 

rannsóknir þrátt fyrir að fylgikvillar væru algengir. Þessar niðurstöður varpa ljósi á að hægt er að bjóða 

upp á fjölbreyttar kviðarholsaðgerðir í litlu, landfræðilega einangruðu heilbrigðiskerfi, með 

ásættanlegum árangri. 
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Abstract 

Background: Complications following major abdominal surgery are common and an important cause 

of morbidity and mortality. The aim of this study was to estimate short- and long-term survival and 

identify factors that influence adverse outcome after abdominal surgery. 

Methods: This prospective observational cohort study was performed in Landspitali University 

Hospital and included all adult patients undergoing abdominal surgery requiring >24-hour hospital 

admission over 13 months. The follow up period was 60 days for complications and 24 months for 

mortality.  

Results: Data was available for 1113 (99.5%) of the 1119 patients who fulfilled inclusion criteria. A 

total of 23% of patients had at least one underlying co-morbidity. Non-elective surgeries were 48% 

and 13% of the patients were admitted to ICU post-operatively, 6% electively and 7% emergently. A 

total of 20% of patients developed complications, 12% developed major complications. Mortality at 30 

days, one and two years was 1.8%, 5.6% and 8.3% respectively. Two-year mortality for those 

admitted to ICU was 24%, and 28.9% for those who developed major post-operative complications. 

Independent predictors for major complications were American Society of Anesthesiology Physical 

Status score and performance of intermediate- or major surgery. Independent predictors for one-year 

mortality were age, pre-operative acute kidney injury (AKI) and intermediate- or major surgery. 

Conclusion: Half of the abdominal surgery performed in Landspitali University Hospital were non-

elective and co-morbidities were common. Short- and long-term mortality was low compared with prior 

studies. These results highlight the ability to offer full variety of abdominal surgical procedures in a 

geographically isolated small health care system. 
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1 Introduction 

A growing number of estimated 300 million surgical operations are performed yearly in the world 

(Weiser et al., 2016). Great variability in mortality between nations and institutions after major non-

cardiac surgery suggests a high degree of variability in practices and patient cohorts presenting for 

surgery, and that improvement of care can potentially prevent excessive mortality. (Ghaferi et al., 

2009; Hansen et al., 2016; Pearse et al., 2006; Pearse et al., 2012; Scott et al., 2015) In the United-

Kingdom it has been shown that over 70-80% of mortality after general surgical procedures is 

accounted for by a high-risk group that represented only 12.5% of surgical procedures. (Jhanji et al., 

2008; Pearse et al., 2006) Advanced age, co-morbid disease, urgency and severity of surgery have 

been associated with increased risk for perioperative death (Cullinane et al., 2003) but this high-risk 

group of surgical patients is still incompletely described. 

1.1 Non-cardiac surgery 

Non-cardiac surgery is often studied and compared separate from cardiac surgery. (Baron et al., 2014; 

Glance et al., 2012; Jhanji et al., 2008; Joshi et al., 2015; Pearse et al., 2006; Pearse et al., 2012; 

Pilkington et al., 2015) The reason for this is the structure of post-operative care after cardiac surgery 

where post-operative admissions to ICU are routine, in contrast to majority of non-cardiac surgery. 

Patients who undergo cardiac surgery have a high incidence of co-morbidities and the procedures are 

major. Still the overall mortality rate is as low as 2%. (Keogh BE, 2005; Likosky et al., 2008; O'Rourke 

et al., 2001; Pagano et al., 2009).  

In studies on non-cardiac surgery the fields of neurosurgery, obstetrics and organ 

transplantation are often excluded as well, these specialties have care pathways different from general 

surgery in many hospitals. (Davies et al., 2013; Jhanji et al., 2008; Khuri et al., 2005; Pearse et al., 

2006; Pearse et al., 2012) This leaves a very diverse group of procedures and patients; upper- and 

lower gastrointestinal-, urologic-, orthopedic- and vascular surgery amongst other fields depending on 

specific inclusions criteria in different studies. Consequently, it can be difficult to compare outcomes 

from different studies on non-cardiac surgery. It is still important to continue investigations on this 

diverse group, namely to further identify and stratify the risk of certain procedures and patient groups. 

Such information could improve peri-operative care and lead to more structured care pathways.  

1.2 Variability in mortality after non-cardiac surgery 

Several studies have shown significant variability in mortality both between nations and institutions 

after major non-cardiac surgery. (Ghaferi et al., 2009; Pearse et al., 2012) A recent seven-day, 

multicenter, international study, the European Surgical Outcomes Study (EuSOS), described short-

term outcomes after major non-cardiac surgery throughout Europe at the national level. This revealed 

a significant variability in mortality between countries, even after adjustment for confounding variables. 

(Pearse et al., 2012), The lowest in-hospital crude mortality rates in Iceland (1.2% [95% CI 0.19-1.05]) 

and the highest in Latvia (21.5% [95% CI 16.9-26.2]). (Pearse et al., 2012) 
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Another large study, by Ghaferi et.al., based in the United States, showed variable rates of 

death across hospitals. The researchers ranked hospitals after rates of death and divided them into 

five quintiles. Mortality in the highest quintile was almost twice that of the lowest quintile but rates of 

overall- and major complications did not vary between quintiles, underlining the importance of early 

recognition and prompt management of complications. (Ghaferi et al., 2009)  These results indicate 

the possibility and importance of improvement of post-operative care for patients undergoing non-

cardiac surgery.  

1.3 Factors affecting outcomes 

Outcome following abdominal surgery likely depends on interaction of patients´ underlying co-

morbidity burden as well as the surgical procedure itself. Advanced age, co-morbid diseases, major 

surgery and emergency surgery are the main factors associated with increased post-operative 

morbidity and mortality. (Cullinane et al., 2003; Jawad et al., 2016; Pearse et al., 2006; Pearse et al., 

2012) Any complications in the peri- and post-operative phase correlate with both over-all and long-

term mortality. (Khuri et al., 2005; Pearse et al., 2006) Patients who survive following complications 

have been shown to have decreased long-term survival and impaired functional independence. (Head 

et al., 2008; Jencks et al., 2009; Khuri et al., 2005)   

As described above, variations in peri-operative morbidity and mortality between nations and 

hospitals can give the opportunity to investigate specific factors affecting these outcomes. In the 

EuSOS study the Scandinavian countries had low odds ratios for hospital death after adjusting for co-

morbidities. (Pearse et al., 2012) Many factors may explain these results such as good population 

health, well developed health care systems, as well as a potential lower severity level of the surgical 

procedures. The Swedish surgical outcomes study (SweSOS) followed the Swedish participants from 

the EuSOS study further up to one year and found that mortality increased nearly five-fold at one year 

(8.5% [95% CI 6.8-10.2]) compared to 30 days (1.8% [95% CI 1.0-2.6]), and demonstrated a 

sustained elevated risk of death in the long term. (Jawad et al., 2016) The SweSOS showed that age, 

American Society of Anesthesiologists’ (ASA) physical status, number of comorbidities, urgency of 

surgery and Intensive care unit (ICU) admission were predictive of 30-day mortality.  For one-year 

mortality, age, number of comorbidities and urgency of surgery were independent predictors.  

1.3.1 High-risk patients 

On the whole morbidity and mortality after surgery is low, with short-term mortality reported as 1-4% in 

high-income countries. (Glance et al., 2012; Jhanji et al., 2008; Noordzij et al., 2010; Pearse et al., 

2006; Pearse et al., 2012) In 2006, Pearse et al. defined a subpopulation of high-risk patients which 

accounted for less than 12,5% of general surgical procedures performed but over 83% of post-

operative deaths. The study population included all adult inpatient surgery, excluding endoscopy, 

cardiothoracic surgery, neurosurgery, transplantation, obstetrics and burns. The aim of their study was 

to further identify this group and estimate its size. They additionally found that only a small percentage 

of this group was admitted to the ICU in the post-operative phase. The authors emphasized the need 

to better identify this group of high-risk patients preoperatively and the possibility of better use of ICU 

resources post-operatively. (Pearse et al., 2006) Post-operative intensive care will be addressed 

further in chapter 1.4.  



  

14 

1.3.2 Complications 

Post-operative complications have been correlated with mortality in numerous studies. (Khuri et al., 

2005; McCoy et al., 2015; Silber et al., 2005) In 2005 a large study, based on prospectively gathered 

database information, showed the occurrence of post-operative complications to be the most 

important factor affecting mortality after major non-cardiac surgery. The occurrence of complications 

reduced median patient survival by 69% independent of pre-operative patient risk. (Khuri et al., 2005) 

The correlation between post-operative complications and mortality was further studied in the 

above cited study by Ghaferi et al. published in 2009. A high degree of variability was found between 

hospitals in short- and long-term mortality after non-cardiac surgery, despite comparable rates of 

complications. (Ghaferi et al., 2009) This underlines the importance of early recognition and prompt 

management of complications.  

1.3.3 Quality of care 

Previous studies have also shown this variation between rates of complications and mortality rates 

between hospitals. Silber et al. published an article in 1992 where risk factors for complications were 

shown to be mostly patient related but risk factors for mortality after developing complications were in 

contrast more hospital-related. The authors defined death after a complication as the “failure to 

rescue” and suggested it to be a measure of hospital quality. They emphasized the need to study in 

more detail this difference between hospitals and identify factors that could lead to increased quality of 

care for post-operative patients. (Silber et al., 1992) 

A recent study showed that only a small percentage (20%) of high-risk patients stands for the 

majority (90%) of failure to rescue cases. Those who develop more than one complication have an 

increased risk for mortality and most deaths occur 5-10 days after diagnosis of the first complication. 

(Ferraris et al., 2014) There is growing evidence that it is not the rate of complications but in fact the 

diagnosis and prompt management of complications that indicate the quality of peri-operative care and 

hence give the opportunity to reduce morbidity and mortality. (Brooke et al., 2012; Ferraris et al., 2014; 

Ghaferi et al., 2009; Henneman et al., 2013) Structural factors associated with reduced failure to 

rescue rates include higher staff to patient ratio, safety culture and well-defined care pathways in 

hospitals. (Brooke et al., 2012; Griffiths et al., 2013; Pucher et al., 2014) 

1.4 Intensive care 

It has been hypothesized that improved post-operative care with standard use of post-operative ICU 

admissions for high-risk patients could improve outcomes after general surgery.  

As previously described, Pearse et al. defined a subpopulation of high-risk patients among 

those undergoing general surgery. Only a small percentage of this patient group was admitted to the 

ICU in the post-operative phase. The median stay in ICU among those patients who received this level 

of care was only 24 hours, often followed by a prolonged stay in standard wards. The highest mortality 

rates were identified among those who received standard ward care immediately after surgery but 

were later transferred to the ICU. Premature discharge from ICU was also shown to be an important 
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risk factor for post-operative death. (Pearse et al., 2006) Similar results were shown in another study 

by the same group in 2008. (Jhanji et al., 2008)  

The EuSOS study found that the numbers of critical care admissions varied widely across 

nations, from 0-16%, the overall rate being 8%. It should be noted that the number of institutions and 

patients included in each country were also very variable and these numbers should not be interpreted 

on a nationwide basis. Of those patients who died in-hospital only 27% had been admitted to ICU, and 

of those 43% had already been discharged to a standard ward when they died. (Pearse et al., 2012) 

The results of these studies are among those that suggested that critical care could be an underused 

resource for patients after non-cardiac surgery. 

More recent studies from the United Kingdom (UK) have shown that post-operative ICU 

admissions can improve survival (Gillies et al., 2015; Ozdemir et al., 2016) while other studies have 

showed opposing results. A recent large international study on a mixed surgical cohort found no 

improvement in survival connected with post-operative ICU admissions (Kahan et al., 2017) and 

another study on Medicare beneficiaries found no connection between use of intensive care and 

hospital mortality or length-of-stay (Wunsch et al., 2016). Intensive care is a rare and expensive 

resource and should not be used for care of routine post-operative patients. On the other hand, high-

risk patients undergoing high-risk surgery may benefit from postoperative ICU care, however these 

patients have not yet been sufficiently defined.   

1.5 Definitions and grading tools 

1.5.1 Comorbidity measures 

When comparing patient outcomes after specific procedures or treatment it is important to have a 

standardized grading system of the patients´ underlying condition. One of the most important patient 

characteristics are age and comorbidities. There is no consensus on a universal measurement for a 

patient´s comorbidity burden and a literary review shows that many different methods are in use.  

The simplest method is a list- or count of comorbidities, used in many large studies of surgery 

outcomes (Ghaferi et al., 2009; Jawad et al., 2016; Khuri et al., 2005; Pearse et al., 2012) or the sum 

of comorbidities and medications, comorbidity-polypharmacy scoring (Evans et al., 2012). Other 

grading systems have been designed, often grading the patient´s overall health as a single number. 

Examples are the well-known American Society of Anesthesiologists (ASA) physical status (Saklad, 

1941) and other summary comorbidity scores like the Charlson index (Charlson et al., 1987) and the 

Elixhauser comorbitidy measure (Elixhauser et al., 1998).  

1.5.1.1 ASA physical status 

The American Society of Anesthesiologists (ASA) physical status is a simple tool used worldwide for 

assessment before anesthesia. (Saklad, 1941) Its purpose is to communicate effectively the extent of 

underlying illness, regarding peri-operative risk in any patient undergoing anesthesia, and it has been 

shown to be an indicator of the post-operative outcomes of morbidity and mortality. (Hopkins et al., 

2016; Rauh et al., 2004; Sauvanet et al., 2005)  The current version consists of six categories where a 

higher numbered category indicates worse systemic health. The category ASA I indicates a healthy 
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individual, ASA V a moribund patient who is not expected to survive without surgery and ASA VI a 

brain-dead patient where the planned surgery is to harvest organs for donation. ASA II-IV indicate a 

patient with any systemic illness of growing severity. (Fitz-Henry, 2011) 

1.5.1.2 The Charlson index and Elixhauser co-morbidity measure 

The Charlson index (Charlson et al., 1987) and the Elixhauser comorbidity measure (Elixhauser et al., 

1998) and their variations are summary comorbidity scores widely used in scientific studies. Some 

have argued that individual comorbidities give better results when it comes to predicting outcomes. A 

paper by Austin et al. showed mathematical evidence suggesting otherwise, that in fact knowing a 

patient´s comorbidity score was sufficient and details of individual comorbidities did not give better 

predictions on prognosis. (Austin et al., 2015)  When these comorbidity indices were compared, the 

Elixhauser comorbidity measure was found to be superior to the Charlson index in predicting in-

hospital and long-term mortality. (Menendez et al., 2014; Sharabiani et al., 2012)  

Elixhauser et al. originally published an article in Medical Care in 1998 identifying 30 comorbid 

disorders, as coded in the ICD-9 classification, for use with large administrative inpatient datasets. The 

comorbidities identified were associated with increases in mortality, hospital charges and length of 

stay. Comorbidities associated with the primary reason for hospitalization were excluded, in addition to 

those who are generally known as frequent complications of hospital stay or treatment, such as 

urinary tract infections, pneumonia and pleural effusion. This was done in attempt to create a measure 

of patients´ overall medical condition, e.g. to be able to compare different groups in a wide array of 

study types. (Elixhauser et al., 1998) 

The Elixhauser Comorbidity measures were modified by wan Walraven et al in 2009 into a point 

system so each patient would receive a single numeric score based on administrative data. The 30 

comorbidities were allocated scores based on outcomes of a multiple logistic regression model on 

association with in-hospital mortality. The scores range from -7 to +12 in a system where a variable 

assigned 2 points has an association twice as strong as a variable assigned 1 point. (van Walraven et 

al., 2009) This index is known as the Elixhauser-van Walraven Index. 

1.5.2 Urgency of surgery 

In most hospitals, the surgical procedure load is a mix of elective and emergency surgery. To secure 

patient safety and maximize efficiency in use of surgical theatres, most institutions have a grading 

system of urgency of surgeries. An example is the “traffic light” coding system described by 

Leppäniemi et al. in 2014 and similar systems. The system was found to improve efficiency of theatre 

usage in addition to shortening delay time for urgent surgery. (Leppaniemi et al., 2014)  

In the United Kingdom, non-elective surgery is defined by the National Health Services (NHS). 

Urgent surgery should be performed as soon as possible after resuscitation of the patient, usually 

within 24 hours. Emergency surgery is performed simultaneously with resuscitation, usually within the 

hour. (Cullinane et al., 2003) 

At Landspitali University Hospital, urgency grading is inherited in the in-hospital scheduling 

surgical software Orbit. When a patient is scheduled for surgery the attending surgeon or surgical 
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resident grades the urgency of the surgery as elective, urgent or emergent. Emergency surgery should 

be performed as soon as possible, maximum delay should be no longer than 8 hours. Urgent surgery 

should be performed when possible, within 24 hours. 

1.5.3 Complications 

The field of surgical outcomes studies has historically suffered from lack of consensus on how to 

grade post-operative complications. As for comorbidities, some researches have gathered information 

on individual complications and others have divided them into groups, of minor- or major-

complications, based on clinical opinion. (Ghaferi et al., 2009; Vester-Andersen et al., 2015) To make 

comparison of different outcomes studies more efficient, Clavien et al. designed a grading system 

based on the medical- or surgical therapy needed.  

1.5.3.1 The Clavien-Dindo classification of surgical complications 

The original classification was first published by Clavien et al. in 1992 (Clavien et al., 1992) but revised 

and improved in 2004 as the Clavien-Dindo classification, based on the same principles. The system 

consists of five grades of complications (I-V) indicating more serious complications for a growing 

number and requiring more invasive/ extensive therapies. Grade V indicates death of the patient. 

Grades III and IV are subdivided into two groups each (a and b). (Dindo et al., 2004) When the 

authors reviewed the classification in 2009 to evaluate it and to study how it had been used in the 

literature they found a great increase in the usage of the grading system in the five years since it was 

improved. They also studied inter-observer agreement of grading of different complications and found 

the agreement rate to be high, or 89%. It was also found to match the perceptive of patients, nurses 

and physicians of complication severity. (Clavien et al., 2009; Slankamenac et al., 2011)  

The authors of the Clavien-Dindo classification concluded that the terms major- and minor 

complications should be avoided on the grounds of them being inaccurate and subjective. Regardless 

of that, other researchers have in fact divided the scale into groups of major and minor, e.g. grading 

the non-fatal complications of CD grade I-II as minor and CD grade III-IV as major. (Bailey et al., 2016) 
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2 Aims 

The aim of this study was to prospectively gather information on all in-patients undergoing abdominal 

surgery over a 13-month period in Landspitali University Hospital in Iceland, document complications 

and both short- and long-term mortality, and try to identify factors that influence these outcomes.  

The goal was to answer the following questions regarding abdominal surgery in Landspitali University 

Hospital: 

1. What is the patient- and procedure composition? 

2. How are critical care resources used post-operatively? 

3. What is the post-operative complication rate? 

4. What is the length-of-stay in hospital? 

5. What is the short- and long-term mortality rate (1-, 12- and 24-month mortality) 

6. What pre-operative variables can predict surgical outcomes? 
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3 Materials and methods 

3.1 Study design and setting 

This was a prospective observational cohort study conducted in Landspitali University Hospital (LSH) 

in Iceland, from January 1
st
 2014 until January 31

st
 2015. Participants were all adult patients (aged 18 

years and older) who underwent in-hospital abdominal surgery during the study period.  The follow up 

period was 60 days for complications and 24 months for mortality.  

3.1.1 Inclusion criteria 

The aim was to study abdominal surgery on the gastrointestinal tract performed by general surgeons. 

Therefore, gynecological-, urological- or vascular surgery were excluded. This left a more 

homogenous cohort of procedures consisting of only gastrointestinal surgery. 

3.2 Ethical approval 

Institutional Review Board approval for this study was provided by the Medical Director of Landspitali 

(November 29
th
 2013), the Landspitali Ethical Committee (JSn/js, December 17

th
 2013) and the 

Icelandic Data Protection Authority (2013121565HGK/--, January 16
th
 2014) waiving individual 

consent. 

3.3 Data collection 

A daily list of eligible participants was gathered from the in-hospital scheduling surgical software Orbit 

during the study period by two researchers, Elva Dögg Brynjarsdóttir (a last year medical student at 

the time of the study start but presently a resident doctor) and Erna Sigmundsdóttir (a resident doctor 

at the department of anesthesia and intensive care medicine). Information on patient characteristics, 

surgery performed and mode of anesthesia was gathered. This included age, gender, body mass 

index (BMI), smoking status, co-morbid diseases, pre-operative blood tests, surgery performed, 

duration of surgery and anesthesia, length of stay in post-operative anesthesia care unit (PACU), 

length of hospital stay and complications in the first 60 days after surgery.  

Additional data was gathered on those patients who underwent urgent or emergent surgery or 

were admitted to the ICU in the postoperative period. This included acute pre-operative conditions 

such as acute kidney injury (AKI), severe sepsis, circulatory shock and respiratory failure, reason for 

and time of ICU admission, vital signs and mode of ventilation in the ICU.  

Patients who underwent more than one procedure in the study period were considered as 

separate cases if the later procedures were performed after the 60-day follow up period. Data was 

manually extracted from in-hospital software by the two researchers (EDB and ES) under the oversight 

of an attending surgeon (PHM) and anesthesiologist/ intensivist (GHS). Information on documented 

ICD-10 diagnoses at admission used for calculation of the Elixhauser Comorbidity Index (Elixhauser et 

al., 1998; van Walraven et al., 2009) were extracted automatically from the hospital electronic health 

registry and calculated using customized JAVA software (MIS).  
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3.4 Definitions and grading tools 

3.4.1 Urgency of surgery 

Procedures were classified according to urgency into three categories; elective, urgent and 

emergency surgery, as documented in the in-hospital scheduling surgical software by the on-call 

surgeon.  

3.4.2 Severity of surgery 

Procedures were also classified into three categories by severity; minor, intermediate and major. Minor 

procedures were considered those that are routinely performed as day-surgery such as endoscopic 

cholecystectomy, appendectomy and inguinal- or small ventral hernia procedures. Patients that had 

such surgery as inpatients usually had severe comorbidities. Surgeries considered major were those 

that routinely require overnight stay in the ICU post-operatively, as decided by a panel of experts in 

surgery and intensive care in the hospital. This includes esophagectomies, total gastrectomies, major 

liver resections, Whipple procedure and some low anterior resections. Intermediate procedures were 

considered those that generally require admission to hospital but not routine postoperative ICU 

admission, such as large ventral hernias, smaller liver resections and surgery on the small- or large 

bowel.    

3.4.3 Complications 

Both the surgeon managing the patient and the study physicians were qualified to make a diagnosis of 

a complication, according to a certain diagnostic criteria (appendix). Registered complications were 

divided into two groups of minor- and major complications. Two different systems were used for 

evaluation of complications. One was based on the Clavien-Dindo (CD) classification of surgical 

complications (Clavien et al., 2009; Dindo et al., 2004) where complications of CD grade I-II were 

considered minor and those of CD grade III-IV are considered major. We also used an alternative 

classification of complications where AKI, deep venous thrombosis (DVT)/ embolic events, cardiac 

arrhythmia (other than sinus tachycardia), congestive heart failure, and pneumonia were considered 

major complications, in addition to respiratory failure, sepsis, wound dehiscence, anastomosis leakage 

and abscess, which are considered major complications by the CD classification. Our classification is 

shown in Table 1. 

We did descriptive statistics, univariate- and multivariate analyses using both systems of 

classification into major- and minor complications. Multivariate analyses were only performed for major 

complications, in both classifications. The results were similar but we found our own classification 

system to be more stable in the multivariate analyses, especially in the final model where we used 

imputing for missing data. Using the CD classification, that final model gave variable results when the 

calculations were repeated, with a small difference in the resulting OR for some of the variables. The 

reason is probably that a higher proportion of complications are considered major in our classification, 

giving more events when using that classification. For that reason, our own classification was chosen 

for presentation and will herein after be referred to as simply major- and minor complications.  
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Table 1 Classification of Complications This table shows the classification of complications into 
major- and minor complications. Two approaches were tried, this is the classification chosen 
for publishing.   

Major  Minor 

Respiratory failure Blood transfusion 

Sepsis UTIc 

Wound dehiscence Wound infection 

Anastomotic leak  

Abscess  

AKIb  

Thrombosis/ Embolism  

Cardiac arrythmiaa  

Congestive heart failure  

Pneumonia  
a other than sinus tachycardia; b AKI, acute kidney injury; c UTI, urinary tract infection 

 

3.5 Statistical analysis: 

3.5.1 Univariate analysis 

A total of 18 pre-operatively accessible variables were selected for univariate analysis of association 

with mortality and complications based on expert opinion and the literature. All variables with 

significant univariate associations (p<0.05) were used for multivariate analyses of the primary 

outcomes of one-year mortality, and secondary outcomes of 30-day and two-year mortality, major- and 

minor complications. Elixhauser comorbidity score at admission was used as a quantitative 

measurement for underlying burden of comorbidities along with ASA classification.  

3.5.2 Multivariate analysis 

Only pre-operatively known variables were used for the multivariate analysis, for clinical applicability 

and relevance. Age was kept as a continuous variable and odds ratio calculated for every 10 years. 

Following testing for the logit assumption under logistic regression, BMI and blood values were used 

as categorical variables with normal range as a reference for higher- or lower values. Gender, the 

presence of acute preoperative conditions (shock, respiratory failure, AKI or sepsis) were binary 

variables. ASA score (ASA>2) and Elixhauser score (Elixhauser score ≥1) were used as binary 

variables. The number of comorbid diseases, severity- and urgency of surgery were used as three 

ordinal variables. Univariate analysis was also performed for the association of complications and 

mortality but complications were not included in the multivariate analysis given co-linearity.  

3.5.3 Software and methods 

All data was documented in a Microsoft Excel® spreadsheet (Microsoft Corporation, Seattle, USA). 

Statistical analysis was performed in R® (R Foundation for Statistical Computing, Vienna, Austria) 

through RStudio ® (RStudio Team (2016). RStudio: Integrated Development for R. RStudio, Inc., 

Boston, MA, USA). Confidence intervals (CI) for mortality rates were calculated using the binom.test 
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function using the Clopper-Pearson method. Statistical significance was estimated by p-value < 0.05 

for univariate statistics and p < 0.01 for multivariate analyses. Binary logistic regression was used in 

the univariate analyses. For multivariate analyses, we tried four models. The first one was a simple 

multivariate analysis including all significant variables from univariate analyses. The second used a 

stepwise backwards regression of the same data. Then we used random forest tree imputing for 

missing data with the missforest package (Stekhoven, 2013). It uses the observed values of the data 

to train a random decision forest which can then be used to impute missing data. We then performed 

the third model with multivariate analysis on the resulting data. The fourth model was a stepwise 

backwards regression on the data that resulted after imputing for missing variables using random 

forest tree imputing (Stekhoven, 2013).  Hosmer-Lemeshow Goodness-of-fit p-value (HL-GOF) and 

Akaike information criterion (AIC) were used to evaluate the quality of the models. The fourth model 

was chosen for publication. Survival of the surgical population was compared by the Kaplan-Meier 

method to an age-and gender matched reference population from Iceland, using the relsurv package 

(Perme, 2016) in R and data on survival rate in Iceland downloaded from the Human Mortality 

Database (http://www.mortality.org).  
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4 Results 

4.1 Gathering of data 

A total of 1119 patients fulfilled the inclusion criteria in the study period, with sufficient data available 

for 1113 patients (99.5%). 24 individuals underwent two separate procedures in the study period 

which were considered as separate cases. None of those individuals died in the 24-month follow up 

period. 

4.2 Patient characteristics 

The patient age was from 18-95 years with a mean age of 54 years. Majority of the patients had no 

registered comorbidities (69.6%) and were classed as ASA I-II (76.7%). Characteristics of patients are 

shown in Table 2.   

Table 2 Patient Characteristics (n=1113) The table lists basic characteristics of patients that 
underwent abdominal surgery in Landspitali in the study period, from 01.01.2014-
01.31.2015.  

 n % 

Age, years (mean ± SD
a
)  54±18  

Gender, male 492 44.2  

BMI
b
, kg/m

2
 (mean ± SD

a
) (n = 844)  28.5±6.1 

ASA
c
 physical status   

   I 304 27.3  

   II 552 49.6  

   III 226 20.3   

   IV 31 27.8  

Comorbid disease   

  Coronary artery disease 108 9.7  

  DM
d
, treated with insulin 25 2.2  

  DM
d
, treated with tablets/ diet 64 5.8  

  Stroke/ TIA
e
 59 5.3  

  Cirrhosis 4 0.4  

  Cancer 196 17.6  

    with metastases 45 4.0  

  COPD
f
/ Asthma 127 11.4  

Number of Comorbidities    

   0 775 69.6  

   1 259 23.3  

   2 68 6.1  

   3 or more 11 1.0  

Elixhauser score (mean ± SD
a
)  0.9± 3.1 

Elixhauser score ≥1 175 15.7  

a
SD, standard deviation; 

b
BMI, body mass index; 

c
ASA, American Society of Anesthesiologists; 

d
DM, diabetes mellitus; 

e
TIA, transient ischemic attack; 

f
COPD, chronic obstructive pulmonary 

disease 
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4.3 Surgical procedures and anesthesia 

The most common procedures in the study period were colorectal- and anal procedures (24.2%), 

cholecystectomies and appendectomies. Almost half of the procedures in the period were non-elective 

(48.2%). Cardiac output monitoring was used for 18.5% of patients, the most common being an 

arterial line (17.4%). Detailed characteristics of procedures and anesthesia are shown in Table 3. 

Table 3 Procedure characteristics (n=1113) The table lists characteristics of the surgical procedures 
patients underwent in Landspitali University Hospital in the study period from 01.01.2014-
01.31.2015, and factors regarding monitoring of the patient under anesthesia.  

 n % 

Grade of surgery   

  Minor 517 46.5  

  Intermediate 513 46.1  

  Major 83 7.5  

Urgency of surgery   

  Elective 576 51.8 

  Urgent 459 41.2  

  Emergency 78 7.0  

Surgical procedure category   

  Esophagus resection 9 0.8  

  Gastric (other than gastric bypass) 30 2.7  

  Gastric bypass 21 1.9  

  Nissen fundoplication 28 2.5  

  Liver resection 16 1.4  

  Pancreas resection 9 0.8  

  Cholecystectomy 250 22.5  

  Small intestine resection 65 5.8  

  Appendectomy 203 18.2  

  Colon resection 178 16.0  

  Anal procedures 91 8.2  

  Explorative laparoscopy 17 1.5  

  Hernia repair 105 9.4  

  Other 91 8.2  

Use of WHO
a
 checklist 1088 98.8  

Cardiac output monitoring, any 206 18.5  

  Central venous catheter 101 9.1  

  Arterial line 194 17.4  

  Other 6 0.5  

Operative time
b
 (median [IQR

c
])  68 [46-115] 

                  
a
 WHO, World Health Organisation; 

b
 Operative time in minutes; 

c
 IQR, interquartile range. 

 

4.4 Outcomes 

Patient outcomes are demonstrated in Figure 1 and Table 4.  
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4.4.1 Complications 

In the 60-day follow up period 222 (19.9%) patients had at least one complication, of whom 75 (6.7%) 

or 128 (11.5%) had major complications when classed by the Clavien-Dindo classification or our own 

classification (Table 1), respectively. The rates of individual major complications (own classification) 

are described graphically in Figure 1 and detailed information on all complications is found in Table 4. 

Mortality for patients who acquired at least one complication was 7.2% at 30 days, 18.0% at 

one year and 23.0% at two years compared to 0.4%, 2.5% and 4.6% for those who did not suffer any 

post-operative complications, respectively (p<0.001). Mortality for patients who acquired at least one 

major complication (Table 1) was 28.9% compared to 5.6% for those who did not suffer major post-

operative complications (p<0.001).  

 

 

Figure 1 Incidence of Major Complications This figure shows the percentage of major post-
operative complications (own classification) after abdominal surgery in Landspitali in the 
study period, with 95% confidence intervals.  

a
DVT, deep venous thrombosis; 

b
PE, pulmonary embolism; 

c
AKI, acute kidney injury; 

d
CHF, 

congestive heart failure. 

4.4.2 Intensive care admissions 

The number of patients admitted to ICU in the post-operative period was 148 (13.3%), out of whom 69 

(46.6%) were planned admissions. Of those admitted to ICU 101 (68.2%) stayed longer than 18 hours 

and 10 (6.8%) were readmitted to ICU after discharge to a standard care ward (Table 4).  Mortality for 

the patient-group admitted to ICU was 23.6% at two years, compared to 5.9% for those who were 

never admitted to ICU (p<0.001). 
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Table 4 Outcomes (n=1113) This table shows patient outcomes after abdominal surgery in 
Landspitali University Hospital in the study period from 01.01.2014-01.31.2015. 

 n % [95% CI] 

ICU
a
 admission total 148 13.3                           

ICU
a
 elective admission 69 6.2  

ICU
a
 emergency admission 79 7.1  

Time in ICU
a
 (hours, median [IQR

b
])  20.1 [16.7-41.0] 

Readmission to ICU
a
 (n = 148) 10 6.8  

Reoperation 52 4.7  

Readmission to hospital 85 7.6  

Complications   

  Pneumonia 27 2.4  

  UTI
c
 52 4.7  

  Surgical wound infection 40 3.5  

  Thrombosis/ embolism 6 0.5  

  Wound dehiscence 16 1.4  

  Anastomosis leakage 18 1.6  

  Arrhythmia 29 2.6  

  Respiratory failure 19 1.7  

  Sepsis 26 2.3  

  AKI
d
 26 2.3  

  Need for blood transfusion 97 8.7  

  Abscess 23 2.1  

  Congestive heart failure 24 2.2  

Any complication 222 19.9  

Major complications (CD class.) 75 6.7  

Minor complications (CD class.) 202 18.1  

Major complications (own class.) 128 11.5  

Minor complications (own class.) 160 14.4  

30-day mortality 20 1.8 [1.1-2.8] 

1-year mortality 62 5.6 [4.3-7.1] 

2-year mortality 92 8.3 [6.7-10.0] 
a
ICU, intensive care unit; 

b
IQR, interquartile range; 

c
UTI, urinary tract infection; 

d
AKI, acute kidney injury, 

e
CD class., Clavien-Dindo classification; 

f
own class., own classification (Table 1). 

 

4.4.3 Hospital length of stay (HLOS) 

Length of hospital-stay had the span of 0-150 days with a median stay of two days [IQR 1-6] and a 

mean of 6.1 days (standard deviation (SD) 12 days). Some patients who fulfilled the inclusion criteria 

of undergoing in-patient surgery had been admitted to the hospital one or more day in advance and 

were then discharged on the day of the procedure and therefore had zero days of post-operative 

admission. Figure 2 graphically describes length of stay for each surgical procedure category.  
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Figure 2 Length of hospital-stay This figure shows the post-operative length of stay in hospital for 
each surgical category in the study period. The results are shown as the median of length of 
stay in days, with interquartile range.  

a
 IQR, interquartile range;

 b 
Nissen fundoplication; 

c
 other than gastric bypass.  

 

4.4.4 Mortality 

Mortality at 30 days was 1.8% [95% CI 1.1-2.8], at one year 5.6% [95% CI 4.3-7.1] and 8.3% [95% CI 

6.7-10.0] at two years after surgery (Figure 3 and Table 4). 

4.5 Kaplan-Meier survival analysis 

A Kaplan-Meier survival curve shows that the long-term survival of the individuals surviving 30 days 

following their index surgery was significantly worse than the survival for an age- and gender-matched 

population control group (Figure 3, p<0.001).  
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Figure 3 Survival analysis of patients who underwent inpatient abdominal surgery in Landspitali 
University Hospital the period 01.01.14-01.31.15. Kaplan-Meier estimate of the observed 
survival (black line with 95% CI) and the Ederer II estimate of the expected survival (gray 
line).  

 

4.6 Pre-operative variables predictive of outcomes 

4.6.1 Short-term mortality 

Preoperatively accessible patient- and procedure related variables were studied for association with 

30-day mortality with univariate analyses. Age was a predictive factor, as were all measures of co-

morbidity burden. Abnormal pre-operative values of both hemoglobin and potassium, as well as 

hyponatremia and raised creatinine levels were also associated with 30-day mortality. The 

performance of emergency surgery (but not urgent surgery) compared to elective surgery and the 

performance of intermediate- or major surgery compared to minor surgery also had a positive 

univariate association with 30-day mortality. All acute preoperative conditions registered (shock, 

respiratory failure, AKI or sepsis) were positive predictive factors as well.  Laparoscopic surgery had a 

negative univariate association with 30-day mortality (Table 5).  
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 Table 5 Predictive factors for 30-day mortality (univariate analyses) This table shows the results 
of a univariate analysis of pre-operatively known variables and 30-day mortality after 
abdominal surgery in Landspitali. Only variables that showed a significantly raised OR (at 
any level) are shown. 

 Variable Alive (1093) Died (20) ORa 95% CIb p-value 

 Agec (mean±SDd)  54±18 74±12 2.30 1.59-3.32 <0.001 

 ASAe score >2 239 18 32.16 7.41-139.54 <0.001 

 Number of Comorbidities      

   0 771 4 1.00 REFh REFh 

   1 252 7 5.35 1.55-18.44 0.008 

   2 60 8 25.70 7.52-87.81 <0.001 

   ≥3 10 1 19.27 1.97-188.15 0.011 

 Elixhauser score > 0 167 8 3.70 1.49-9.18 0.005 

 Preop. Blood values      

   Hgbf <118 g/L 152 8 6.34 2.17-18.54 <0.001 

   Hgbf 118-152 g/L 723 6 1.00 REFh REFh 

   Hgbf ≥152 g/L 169 6 4.28 1.36-13.43 0.013 

   Sodium <137 mmol/L 86 7 5.91 2.27-15.42 <0.001 

   Sodium 137-145 mmol/L 872 12 1.00 REFh REFh 

   Potassium < 3.5 mmol/L 26 2 4.71 1.03-21.54 0.046 

   Potassium 3.5-5.0 mmol/L 979 16 1.00 REFh REFh 

   Potassium ≥ 5.1 mmol/L 17 2 7.20 1.53-33.79 0.012 

   Creatinine 50-90 μmol/L 782 8 1.00 REF  

   Creatinine ≥91 μmol /L 191 11 5.63 2.23-14.19 <0.001 

 Acute preoperative condition      

   Shock 3 3 55.53 10.35-297.91 <0.001 

   Respiratory Failure 1 2 104.37 9.00-1210.66 <0.001 

   AKIg 8 6 51.75 15.55-172.19 <0.001 

   Sepsis 28 8 23.09 8.47-62.95 <0.001 

 Surgery Priority Score      

  Emergency 70 8 16.34 4.80-55.66 <0.001 

  Urgent 451 8 2.54 0.76-8.48 NSi 

  Elective 572 4 1.00 REFh REFh 

 Surgery Severity Score   
   

  Minor 516 1 1.00 REF REF 

  Intermediate 499 14 14.48 1.90-110.37 0.010 

  Major  78 5 33.08 3.82-286.56 0.001 

 Laparoscopy 711 1 0.03 0.004-0.21 <0.001 
aOR, odds ratio; bCI, confidence interval; cOR per 10 years increase; dSD, standard deviation; eASA, American 

Society of Anesthesiologists; fHgb, hemoglobin; gAKI, acute kidney injury; hREF, reference; iNS, non-significant. 

 

 

 

The variables that showed a p-value under 0.05 from univariate analysis were used for multivariate 

analysis, except for count of chronic diseases as Elixhauser score at admission was used as a 

surrogate for co-morbid diseases along with ASA class to avoid co-linearity. In multivariate analysis, 

the only independent predictors (p<0.01) for 30-day mortality were pre-operative AKI and the 

performance of emergency surgery (Table 6). 
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Table 6 Independent Predictors of complications and mortality (multivariate analyses) This table 
shows the pre-operatively known factors that were shown to be independently predictive of 
complications and mortality after multivariate analysis. Results are shown as OR

a
 [95% CI

b
].  

 Major Compl.c 30-day mortality 1-year mortality 2-year mortality 

Aged 1.22 [1.05-1.42] * 1.88 [1.16-3.06] * 1.61 [1.26-2.07] ** 1.57 [1.28-1.93] ** 

ASAe >2 2.22 [1.40-3.50] ** 5.93 [1.11-31.68] *  2.74 [1.62-4.64] ** 

Elixhauser≥1   1.93 [1.03-3.63] *  

Hgbf <118 g   2.22 [1.16-4.23] * 2.46 [1.43-4.23] ** 

Sodium <137 h 1.81 [1.01-3.26] *    

AKIi  11.16 [2.51-49.62] ** 8.21 [2.24-30.05] ** 6.70 [2.02-22.26] ** 

Sepsis 3.08 [1.23-7.72] *    

Priority     

 Emergency  8.01 [1.88-34.10] **   

   Urgent   2.02 [1.00-4.10] *  

Severity     

  Intermediate 2.63 [1.48-4.67] **  4.55 [1.64-12.59] ** 3.41 [1.59-7.34] ** 

  Major 7.71 [3.76-15.80] ** 15.55 [1.32-182.66] * 10.32 [3.07-34.64] ** 6.32 [2.49-16.01] ** 

Laparoscopy 0.52 [0.32-0.83] **    

* p < 0.05, ** p < 0.01;  

aOR, odds ratio; bCI, confidence interval; cmajor complications; dOR per 10 year increase; eASA, American 

Society of Anesthesiologists; fHgb, hemoglobin; g g/L (unit), in reference to hgb of 118-152 g/L; h mmol/L (unit); 
iAKI, acute kidney injury. 

 

4.6.2 One-year mortality 

Factors with a univariate association with one-year mortality are shown in Table 7. Age and all 

measures of co-morbidity burden (ASA class, number of chronic diseases and Elixhauser score) were 

predictive factors for one-year and 30-day mortality. Of the preoperative blood values, anemia, 

hyponatremia, and creatinine above reference range showed a positive univariate association with 

one-year mortality. When urgent and emergency surgeries were compared to elective surgery, only 

emergency surgery showed a significant univariate association. BMI ranging from 26-35 kg/m
2
 

compared to normal BMI (18-25) and laparoscopic surgery were associated with lower odds of one-

year mortality.  

In the multivariate analysis age, pre-operative AKI and undergoing intermediate- or major 

surgery were shown to be independently predictive of one-year mortality (p<0.01) (Table 6).  
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Table 7 Predictive factors for one-year mortality (univariate analyses) This table shows the 
results of a univariate analysis of pre-operatively known variables and one-year mortality 
after abdominal surgery in Landspitali. Only those variables that showed a significantly 
raised OR

a
 (at any level) are shown.   

 
Alive (1051) Died (62) ORa L95% CIb H95% CIb p-value 

Agec (mean±SDd) 53 (18) 72 (13) 2.06 1.69 2.53 <0.001 

BMIe kg/m2       

  <18 7 2 3.66 0.72 18.70 NSi 

  18-25 282 22 1.00 REFj REFj REFj 

  26-35 414 16 0.50 0.26 0.96 0.037 

  >35 97 4 0.53 0.18 1.57 NSi 

ASAf>2 215 42 8.17 4.70 14.20 <0.001 

Number of Comorbidities       

  0 756 19 1.00 REFj REFj REFj 

  1 232 27 4.63 2.53 8.48 <0.001 

  2 56 12 8.53 3.94 18.45 <0.001 

  ≥3 7 4 22.74 6.14 84.28 <0.001 

Elixhauser score ≥1 145 30 5.86 3.45 9.93 <0.001 

Preop. Blood values       

  Hgbg <118 g/L 133 27 5.49 3.11 9.70 <0.001 

  Hgbg 118-152 g/L 703 26 1.00 REFj REFj REFj 

  Sodium <137 mmol/L 78 15 3.76 2.00 7.08 <0.001 

  Sodium 137-145 mmol/L 841 43 1.00 REFj REFj REFj 

  Creatinine 50-90 μmol/L 755 35 1.00 REFj REFj REFj 

  Creatinine ≥91 μmol/L 182 20 2.37 1.34 4.20 0.003 

Preoperative acute condition       

  Shock 2 4 34.87 6.22 195.36 <0.001 

  Respiratory Failure 1 2 33.46 2.98 375.55 0.004 

  AKIh 6 8 25.33 8.41 76.34 <0.001 

  Sepsis 28 8 5.28 2.27 12.29 <0.001 

Surgery Priority Score   
    

 Emergency 68 10 2.68 1.25 5.72 0.011 

 Urgent 437 22 0.92 0.52 1.61 NSi 

 Elective 546 30 1.00 REFj REFj REFj 

Surgery Severity Score   
    

 Minor 512 5 1.00 REFj REFj REFj 

 Intermediate 471 42 9.13 3.58 23.27 <0.001 

 Major 68 15 22.59 7.96 64.12 <0.001 

Laparoscopy 699 13 0.13 0.07 0.25 <0.001 
aOR, odds ratio; bCI, confidence interval; cOR per 10-year increase; dSD, standard deviation; eBMI, body mass 

index; fASA, American Society of Anesthesiologists; gHgb, hemoglobin; hAKI, acute kidney injury; iNS, non-

significant; jREF, reference. 

 

4.6.3 Two-year mortality 

The results from univariate analyses for two-year mortality were similar (Table 8). Factors with a 

positive univariate association with two-year mortality (p<0.05) were older age, all measures of co-

morbid diseases, anemia, hyponatremia, abnormal creatinine, all acute pre-operative conditions and 

higher severity of surgery. Higher BMI and laparoscopic surgery had negative univariate associations 

with two-year mortality.  

From multivariate analyses age, ASA class > 2, anemia, pre-operative AKI and severity of 

surgery were shown to be independent predictive factors for 2-year mortality (p<0.01) (Table 6). 
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Table 8 Predictive factors for two-year mortality (univariate analyses) This table shows the 
results of a univariate analysis of pre-operatively known variables and two-year mortality 
after abdominal surgery in Landspitali. Only those variables that showed a significantly 
raised OR

a
 (at any level) are shown. 

 
 

Alive (1021) Died (92) ORa L95% CIb H95% CIb p-value 

Agec (mean±SDd) 53±18 71±13 2.06 1.74 2.44 <0.001 

BMIe kg/m2       

  <18  7 2 2.27 0.45 11.37 NSi 

  18-25 270 34 1.00 REFj REFj REFj 

  25-35 400 30 0.60 0.36 0.996 0.048 

  >35 97 4 0.33 0.11 0.947 0.039 

ASAf>2 195 62 8.75 5.51 13.91 <0.001 

Number of Comorbidities       

  0 747 28 1.00 REFj REFj REFj 

  1 220 39 4.73 2.84 7.86 <0.001 

  2 48 20 11.12 5.84 21.16 <0.001 

  ≥3 6 5 22.23 6.40 77.24 <0.001 

Elixhauser score > 0 134 41 5.32 3.40 8.34 <0.001 

Preoperative blood values       

  Hgbg <118 g/L 122 38 5.23 3.23 8.46 <0.001 

  Hgbg 118-152 g/L 688 41 1.00 REFj REFj REFj 

  Sodium <137 mmol/L 79 19 3.29 1.87 5.79 <0.001 

  Sodium 137-145 mmol/L 820 64 1.00 REFj REFj REFj 

  Creatinine < 50 μmol/L 45 9 2.67 1.24 5.75 0.012 

  Creatinine 50-90 μmol/L 735 55 1.00 REF REF  

  Creatinine >90 μmol/L 177 25 1.89 1.14 3.11 0.013 

Preoperative acute condition       

Shock 2 4 23.31 4.19 129.63 <0.001 

Respiratory Failure 1 2 22.67 2.03 253.15 0.011 

AKIh 6 8 16.44 5.53 48.87 <0.001 

Sepsis 27 9 4.06 1.83 9.02 <0.001 

Surgery Severity Score       

   Minor 508 9 1.00 REFj REFj REFj 

   Intermediate 450 63 7.90 3.89 16.07 <0.001 

   Major  63 20 17.92 7.82 41.05 <0.001 

Laparoscopy 688 24 0.17 0.11 0.28 <0.001 
aOR, odds ratio; bCI, confidence interval; cOR for 10-year increase; dSD, standard deviation; eBMI, Body mass 

index; fASA, American Society of Anesthesiologists; gHgb, hemoglobin; hAKI, acute kidney injury; iNS, non-

significant; jREF, reference. 

 

4.6.4 Complications 

Patient- and procedure related variables were also used for univariate analyses on association with 

post-operative complications (Table 9). Higher age, presence of any chronic disease, male gender, 

anemia, hyponatremia and creatinine above reference range were all predictive for major 

complications, along with shock, AKI, sepsis, urgency- and severity of surgery. Laparoscopic surgery 

had a negative univariate association with major complications.  

In a multivariate analysis, an ASA class of over 2 and the performance of intermediate- or major 

surgery were shown to be independent risk factors for major complications and laparoscopic surgery 

an independent protective factor (Table 6).   
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Table 9 Predictive factors for major complications (univariate analyses) This table shows the 
results of a univariate analysis of pre-operatively known variables and major complications 
after abdominal surgery in Landspitali. Only variables that showed a significantly raised OR 
(at any level) are shown. 

 
 

Noa (985) Yesb (128) ORc L95% CId H95% CId p-value 

Agee (mean±SDf) 53 ±18 66±14 1.59 1.41 1.80 <0.001 

Gender, male 424 68 1.50 1.04 2.17 0.032 

ASAg>2 185 72 5.56 3.79 8.16 <0.001 

Number of Comorbidities     
 

  
 

  0 715 60 1.00 REFk REFk REFk 

  1 215 41 2.31 1.51 3.52 <0.001 

  2 49 21 4.97 2.77 8.91 <0.001 

  3 6 6 14.30 4.24 48.23 <0.001 

Elixhauser score ≥1 134 41 2.99 1.98 4.53 <0.001 

Blood values   
    

  Hgbh < 118 g/L 123 37 3.07 1.96 4.81 <0.001 

  Hgbh 118-152 g/L 664 65 1.00 REFk REFk REFk 

  Sodium <137 mmol/L 68 25 3.28 1.98 5.46 <0.001 

  Sodium 137-145 mmol/L 795 89 1.00 REFk REFk REFk 

  Creai 50-91 μmol/L 719 71 
    

  Creai ≥ 91 μmol /L 159 43 2.74 1.81 4.15 <0.001 

Acute preop condition   
    

Shock 3 3 7.83 1.56 39.36 0.012 

AKIj 5 9 15.00 4.92 45.74 <0.001 

Sepsis 20 16 7.08 3.53 14.20 <0.001 

Surgery Priority           

  Emergency 60 18 2.10 1.17 3.76 0.012 

  Urgent 421 38 0.63 0.42 0.96 0.030 

  Elective 504 72 1.00 REFk REFk REFk 

Surgery Severity   
 

      

  Minor 499 18 1.00 REFk REFk REFk 

  Intermediate 434 79 5.05 2.98 8.55 <0.001 

  Major 52 31 16.53 8.65 31.57 <0.001 

Laparoscopy 675 37 0.19 0.12 0.28 <0.001 
aNo, no major complications; bYES, developed major complications; cOR, odds ratio; dCI, confidence interval, eOR 

per 10-year increase; fSD, standard deviation; gASA, American Society of Anesthesiologists; hHgb, hemoglobin; 
iCrea, creatinine; jAKI, acute kidney injury; kREF, reference. 

 

4.7 The association of complications and mortality 

There was an increased risk of mortality after 30 days, one year and two years for those who acquired 

post-operative complications, according to univariate analyses (Table 10). This was true for all 

degrees of complications (any-, minor- or major complications) except for the association between 

minor complications and 30-day mortality which was not significant.  
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Table 10 Complications and mortality (univariate analyses) In this table the results of a univariate 
analysis of post-operative complications and short- and long-term mortality after abdominal 
surgery in Landspitali are shown.  

 
 

Alive Died ORa L95% CIb H95% CIb p-value 

30-day mortality Any Complication  206 16 17.22 6.24 60.60 <0.001 

  Major  112 16 35.04 12.60 123.93 <0.001 

  Minor  154 6 2.61 0.91 6.62 NS 

1-year mortality Any Complication  182 40 8.68 5.09 15.19 <0.001 

  Major  97 31 9.84 5.73 16.92 <0.001 

  Minor  135 25 4.58 2.65 7.82 <0.001 

2-year mortality     Any Complication  171 51 6.18 3.98 9.67 <0.001 

  Major  97 31 6.88 4.28 10.97 <0.001 

  Minor  127 33 3.94 2.45 6.23 <0.001 
aOR, odds ratio; bCI, confidence interval 
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5 Discussion 

5.1 Main results 

In this well characterized, moderately sized, prospectively followed cohort of patients undergoing 

gastrointestinal surgery, we found that short-term mortality was in the lower range of that reported in 

other studies and long-term mortality was low. (Aahlin et al., 2015; Jawad et al., 2016; Khuri et al., 

2005; Pearse et al., 2012; Sandblom et al., 2015; Straatman et al., 2016) Complications were common 

but their rate was still low compared to other studies. (Aahlin et al., 2015; Ghaferi et al., 2009; 

Straatman et al., 2016) There was an increased risk of short- and long-term mortality for those who 

acquired any type of post-operative complications. 

The main patient- and procedure related factors associated with short- and long-term mortality 

were compatible to those previously known; age, chronic disease burden and urgency- and severity of 

surgery. (Cullinane et al., 2003; Jawad et al., 2016; Pearse et al., 2006; Pearse et al., 2012) Pre-

operative anemia was an independent predictor of two-year mortality. A novel finding was that pre-

operative AKI was independently predictive of mortality at 30 days, one year and two years. 

Interestingly overweight patients had lower risk of long-term mortality than normal weight patients from 

univariate analysis.   

5.2 Patient- and procedure composition 

Sufficient data was gathered for over 99% of the patients who fulfilled the inclusion criteria in the study 

period. With this success rate in data-gathering it is safe to declare this data as a true image of the 

patient- and procedure composition in the study period.  

Almost half of the procedures in the study period were non-elective. The proportion of non-

elective and elective surgeries vary between hospitals, e.g. when comparing colon resection between 

states in the USA, the numbers for emergency surgeries ranged from 2.8% to 53.5%, with an overall 

rate of 40.9%. In the United Kingdom (UK), non-elective surgery within general surgery was 21% 

according to the 2003 National Confidential Enquiry into Patient Outcome and Death (NCEPOD) 

report and older numbers from the UK suggest the same proportion. General surgery was found to be 

one of the top four of all surgical fields when it came to non-elective surgical workload, but was still 

lower than the proportion in the current study. (Cullinane et al., 2003; Lovett et al., 1999)  

5.3 Critical care 

A total of 148 patients were admitted to the ICU at any time after surgery. One of the questions we 

wanted to answer was what proportion of ICU admissions in LSH are planned. According to our data, 

46.6% of all ICU admissions were elective, so over a half of all admissions were unexpected. 

However, we found it was hard to find information on if the admissions were in fact non-elective. A 

more accurate variable is how many patients were admitted to ICU immediately after surgery (or 

immediately from post-operative anesthesia care unit (PACU)), being 131 patients or 88.5% of those 

admitted to ICU. Some were patients undergoing emergency surgery, which were not registered as 
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planned admissions. Some were admitted after prolonged PACU stay or need of ventilatory- or 

cardiovascular support in PACU.  

Mortality for the patient-group admitted to the ICU was 23.6% at two years, compared to 5.9% 

for those who were never admitted to ICU (p<0.001). The SweSOS study reported 27,8% mortality at 

one year for patients who were admitted to ICU postoperatively (total one-year mortality was 5%). In 

the SweSOS study, ICU admission was included in univariate- and multivariate analyses. It was found 

to be associated with one-year mortality but not as an independent predictor. (Jawad et al., 2016)  

5.4 Outcomes 

5.4.1 Complications  

Post-operative complications were common, 19.9%, but their rate was still low compared to other 

studies. (Aahlin et al., 2015; Ghaferi et al., 2009; Straatman et al., 2016) The international surgical 

outcomes study (ISOS) reported lower complication rate in a study population of mixed elective 

surgery (including cardiac surgery). (Kahan et al., 2016) It is hard to find a similar enough surgical 

composition for a true comparison for the whole study population. Many articles report procedure 

specific complication rates such as after colon surgery or pancreas resection.  

Patients who acquired at least one post-operative complication had significantly higher short- 

and long-term mortality than those who were free from complications. This connection was confirmed 

by a univariate analysis where complications were shown to be predictive of short- and long-term 

mortality, with the highest OR, 35.0 [95%CI 12.6-123.9], for 30-day mortality and major complications. 

This has been shown in several previous studies. (Khuri et al., 2005; McCoy et al., 2015; Silber et al., 

2005) 

Our results also showed that higher age, comorbidity burden and urgency of surgery were 

predictive of complications, some of which were also independently predictive of mortality. It is likely 

that more frail patients are more prone to both complications and mortality. However, it has been 

shown that timely diagnosis and treatment of complications can improve survival and should be 

emphasized in all post-operative care (Ghaferi 2009).  

5.4.2 Hospital length of stay (HLOS) 

HLOS is an important outcome to monitor in every hospital and health care system since it can give 

insight into quality of care and distribution of resources. HLOS in the current study was found to have 

a median of two days [IQR 1-6] and a mean of 6.1 days. The span was from 0-150 days in hospital 

after surgery, an expected variation with a diverse spectrum of severity of procedures within the 

cohort. When broken down by surgical categories the median HLOS was found to be from one day 

(explorative laparotomies, appendectomies, gastric bypass and cholecystectomies) to 11 and 13 days 

after esophageal- and pancreatic resections, respectively.  

In other hospitals HLOS after elective major abdominal surgery has been found to have a mean 

ranging from 5-20 days (Cannesson et al., 2015; Rollins et al., 2016) and HLOS with a median of 5 

days (IQR 3-10) was described in a mixed surgical cohort in a large retrospective analysis based in 



  

37 

Germany (Kork et al., 2015). HLOS after colorectal surgery has been described with a median of 5-7 

days (Miller et al., 2014; Thiele et al., 2015). A large study of a mixed non-cardiac surgical cohort 

showed a median HLOS of 3 and 4 days after elective-and non-elective surgery, respectively. (Jhanji 

et al., 2008) Based on these numbers the HLOS in Landspitali is comparable after intermediate- and 

major abdominal surgery. It should be kept in mind that the subgroups for many of the surgical 

categories in the current study are small so these results should be interpreted with caution. 

Furthermore, HLOS in larger centers is frequently influenced by factors such as discharge rate to other 

hospitals after surgery. 

5.4.3 Mortality 

Mortality after abdominal surgery in Landspitali in the study period was 1.8% [95% CI 1.1-2.8] after 30 

days, 5.6% [4.3-7.1] at one year and 8.3% [6.6-10.0] at two years. We found this to be low compared 

to other studies. 

The SweSOS study reported a low 30-day mortality at 1.8% but one of their main findings was a 

substantially higher mortality at 1 year or 8.5%. (Jawad et al., 2016) That number is closer to the two-

year mortality in the current study (8.3%). The SweSOS study was a follow up of the EuSOS study 

which included not only abdominal surgery but also a wider range of surgical fields. In the EuSOS 

study in-hospital crude mortality rate was 4%. Khuri et al. published a large database study in 2005 on 

complications and mortality after major surgery. They studied eight common procedures and followed 

patients for an average of eight years.  Total 30-day mortality was 3.1%, highest for colectomy (6.5%) 

and lowest for laparoscopic cholecystectomy (0.6%). Cumulative death for the abdominal surgical 

procedures in their data was 3.8% at 30 days and 33.0% during the total follow up time. (Khuri et al., 

2005)  

These findings should be interpreted with caution, since it is difficult to find studies with similar 

enough surgical composition for a true comparison. The studies available either represent a wider 

range of surgical fields and procedures or report on more procedure specific survival.  

5.5 Predictive factors for outcomes  

The results from univariate- and multivariate analyses were compatible with previous studies; age, 

chronic disease burden, urgency- and severity of surgery were found to be associated with short- and 

long-term mortality and major complications (Table 6). (Cullinane et al., 2003; Jawad et al., 2016; 

Pearse et al., 2006; Pearse et al., 2012) Additionally, we found pre-operative AKI to be independently 

predictive both short- and long-term mortality and pre-operative blood values of hemoglobin, sodium 

and creatinine to be associated with outcomes as well.  

5.5.1 Urgency of surgery 

We compared outcomes for urgent- and emergency surgeries to those for elective surgery. Urgent 

surgery was not shown to be a risk factor for death at any time during the two-year follow up and was 

shown to have protective univariate association for acquiring both minor- and major complications. 

This was unexpected but when we analyzed the group further we found that almost 70% of this group 
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consisted of cholecystectomies and appendectomies. These subgroups generally had short hospital 

stays with minimal complications and probably explain these unexpected results.   

5.5.2 Body Mass Index 

We found raised BMI to be predictive of improved long-term survival compared to normal BMI (18-25 

kg/m
2
). This was true at one-year, where overweight and moderately obese (BMI 25-35 kg/m

2
) 

patients had lower odds for mortality compared to normal weight, and for two-year mortality where 

overweight and moderately obese patients (BMI26-35 kg/m
2
), and severely obese patients (BMI <35 

kg/m
2
), had lower odds of mortality compared to normal-weight patients. After multivariate analysis, 

BMI was not found to be an independent predictor for short- or long-term mortality.  

The effects of BMI on survival has been studied widely. A large procedure specific study from 

the United States of America (USA) found improved post-operative survival for overweight- and obese 

patients compared to normal weight patients for four of the 16 procedures studied. (Sood et al., 2015) 

This has been shown in other studies, many of them on cardiac surgery, and is known as the obesity 

paradox (Stamou et al., 2011). Other studies have found impaired survival for overweight patients for 

various surgical procedures (Wu et al., 2013) or no difference in outcomes (Lopez-Delgado et al., 

2015; Sharma et al., 2015). Some of these studies have grouped together underweight and normal 

weight patients, or all over-weight and obese patients, impairing comparison of results.  

The obesity paradox has also been hypothesized among critically ill patients and after ICU 

treatment. Some studies have found evidence supporting the theory, showing improved survival for 

overweight or obese patients (Abhyankar et al., 2012; Hogue et al., 2009; Ni et al., 2017; Oliveros et 

al., 2008) The explanation for better outcomes for this group with raised BMI is not known. It has been 

hypothesized that the connection of adipose tissue and inflammatory cytokines play a role in this 

association, or that the extra reserve in adipose tissue might be of benefit in extreme situations such 

as critical illness. (Abhyankar et al., 2012) 

5.5.3 Acute kidney injury as an independent risk factor for mortality 

In addition to well-known risk factors as age, chronic disease burden, urgency- and severity of surgery 

we found that having pre-operative AKI was an independent risk factor for mortality at 30 days, one- 

and two years with an OR of 11.2, 8.2 and 6.7, respectively. This subgroup was small (14 patients) 

and, by definition, all acute preoperative conditions signify patients undergoing urgent- or emergency 

surgery. Still we found this to be of interest since AKI was the only acute preoperative condition with a 

significant increase in OR after multivariate analyses.  

Post-operative AKI has previously been shown to be an independent risk factor for 30-day 

mortality after abdominal surgery in Landspitali and for long-term mortality for all hospitalized patients. 

(Long, Helgason, et al., 2016; Long, Sigurdsson, et al., 2016) To our knowledge the association of 

pre-operative AKI and short- and long-term mortality have not been studied. Our results indicate that 

this sub-group of patients undergoing emergency surgery warrants further studies and should possibly 

be more closely monitored, both peri-operatively and in the long-term. 
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5.5.4 Pre-operative blood values as risk factors for mortality 

In Landspítali University hospital blood values of hemoglobin, white blood cells (WBC), sodium, 

potassium and creatinine are included in routine pre-operative evaluation and were included in our 

analysis. According to our results anemia, hyponatremia and creatinine over reference range were 

consistently associated with both major complications and mortality at 30 days, one- and two years in 

univariate analyses. In multivariate analysis only anemia was an independent risk factor for two-year 

mortality (p<0.01) and associated with one-year mortality (p<0.05), and hyponatremia was associated 

with major complications (p<0.05).  

5.5.4.1 Anemia 

Many studies have shown association of pre-operative anemia with both morbidity and mortality after 

abdominal surgery and other surgical procedures. (Baron et al., 2014; Kilic et al., 2014; Musallam et 

al., 2011; Spahn, 2010; Tohme et al., 2016)  

The association between anemia and outcomes can be explained be the anemia itself, the 

underlying causes for anemia or the treatment, specially blood transfusions. A large data-base study 

from 2011 showed significantly increased both 30-day morbidity and mortality for patients with pre-

operative anemia. The same study showed that receiving peri-operative blood transfusions was an 

independent risk factor for morbidity and mortality, regardless of pre-operative anemia. (Musallam et 

al., 2011) A secondary analysis of the EuSOS study material showed that patients with anemia were 

more likely to be admitted to an ICU, had significantly longer length of stay and higher in-hospital 

mortality than patients with normal hemoglobin concentrations. (Baron et al., 2014)  

Further studies are needed on peri-operative anemia management but evidence increasingly 

suggests a conservative approach with emphasis on supplementation and blood conservation 

strategies e.g. pre-operative optimization and intra-operative cell saving techniques. (Kilic et al., 2014; 

Munoz et al., 2014; Spahn, 2010)  

5.5.4.2 Sodium balance 

Another secondary analysis of the EuSOS study material showed hypernatremia to be associated with 

mortality but not hyponatremia, opposite to the results of the current study. (Cecconi et al., 2016) The 

present study population is likely too small to detect effects of hypernatremia as it is less common than 

hyponatremia, the prevalence in the present study being 6,3% and 8,4% respectively. Other research 

has shown pre-operative hypo- and hypernatremia to be a risk factor for morbidity and mortality. 

(Crestanello et al., 2013; Feinstein et al., 2016; Leung et al., 2013; Leung et al., 2012)  

Further studies are needed to determine the mechanism behind the connection of pre-operative 

hyponatremia and anemia on outcomes. Regardless, this relationship suggests an opportunity to 

monitor these subgroups of patients more closely in the peri-operative period and even with long term 

follow up. 



  

40 

5.6 Limitations 

Almost half of the procedures performed in Landspitali in the study period were urgent- or emergency 

procedures, or 48.2% combined. This sheds light on one of the limitations of our study. During a part 

of the study period doctors and nurses at Landspitali went on a strike, during which time all minor and 

intermediate risk surgery was postponed while all abdominal cancer surgery and emergency surgery 

was performed as usual.  This has obvious consequences on our data, such as on the ratio of 

emergency procedures. This could also have more subtle impact, e.g. on peri-operative care, since 

routine protocols may have been affected. As an attempt to counteract this limitation we added the 

thirteenth month to our study period, after the strike was over, which was initially planned to cover 

twelve months. 

Other limitations are that although this was a prospective study, information was gathered from 

hospital software and paper documents. The quality of the data relies on accuracy of the original 

registration. We found that specific factors such as information on smoking status and blood loss 

during surgery was missing for too many patients to be used for analyses. 

We included all abdominal surgery which required ≥24-hour hospitalization (with previously 

described exclusions), including a wide range of severity and both elective- and non-elective 

procedures. Other groups have chosen a wider or narrower range of procedures. This definition of the 

study population holds both limitations and benefits for the study. The benefits are that it represents 

the heterogeneous group of patients and procedures in abdominal surgery but has its limitations when 

it comes to cumulative survival and complications as it also includes low risk surgeries, that routinely is 

excluded in studies reporting outcomes after high risk surgery.  

The size of the study population and low mortality limits the quality of multivariate analyses. 

Specially the low 30-day mortality (20 patients) limits the opportunity for robust multivariate analyses 

and those results should be interpreted with caution. 

5.7 Next steps 

There is continuous need of studies on surgical outcomes after abdominal- and other non-cardiac 

surgery. There is still much unknown on the possible deciding factors for outcomes, and information 

on long-term outcomes are scarce.  

This study describes and analyses a cohort of patients undergoing abdominal surgery over a 

13-month period in Landspitali with the presently applied peri-operative management routines. Recent 

research suggests that improving physical and nutritional status of high risk patients preoperatively 

together with augmented postoperative monitoring of vital signs of patients in the wards may be the 

most promising way forward to improve outcome after abdominal surgery. It could be of interest to 

perform a similar study in 5-10 years, if new peri-operative management protocols have been 

implemented.  

We also gathered detailed information on all patients who were admitted to ICU, including 

reason for admission, detailed vital signs and mode of ventilation. We did basic descriptive statistical 

analysis (not shown in this thesis) but have not done further analysis of this part of the data, which 

could give interesting information.   
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6 Conclusion 

Almost half of abdominal surgery performed in Landspitali was non-elective and co-morbidities were 

common, but short- and long-term mortality was low compared with other similar studies. These 

results highlight the ability to offer full variety of abdominal surgical procedures in a geographically 

isolated small health care system. 

Pre-operative factors independently predictive for long-term mortality after abdominal surgery in 

Landspitali were age, acute kidney injury and severity of surgery. Priority of surgery was predictive of 

short-term mortality but not in the long term. A novel finding was the predictive quality of acute kidney 

injury in patients undergoing non-elective procedures for both short- and long-term mortality. Pre-

operative anemia was independently predictive of long-term mortality at two-years. Interestingly BMI 

ranging from 26-35 kg/m
2
 compared to normal BMI (18-25 kg/m

2
) was associated with lower odds of 

one-year mortality. Patients who developed complications after surgery and those who were admitted 

to ICU had significantly higher long-term mortality than those who were not.  

According to the results of this study, the above described groups should receive heightened 

clinical attention. This could include pre-operative nutrition and physical rehabilitation in some frail 

patients subjected to elective, major surgery and pre-operative optimization where applicable in some 

emergency surgery patients. Furthermore, improved monitoring and vigilance in the surgical wards for 

early diagnosis of complications and a long term, structured post-operative follow-up could be 

effective, considering the increased mortality long after the in-patient post-operative phase. Further 

studies are important to continue the quest for optimal peri-operative management for patients 

undergoing gastrointestinal surgery.  
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Appendix 

 

Diagnostic criteria for post-operative complications (Table 1) 

a) Acute kidney injury (AKI): An increase in s-creatinine ≥ 1.5 times baseline value. 

b) Thrombosis/ embolic event: Confirmed by ultrasound- or computed tomography (CT) imaging. 

c) Transfusion: One or more units of blood given post-operatively, as registered by the blood 

bank registry. 

d) Urinary tract infection (UTI): Confirmed by a positive culture from a urine sample (>100000 

bacteria/ml). 

e) Wound infection: Clinical judgement of managing physicians and a positive culture from the 

wound (>100000 bacteria/ml). 

f) Cardiac arrhythmia: Confirmed by an electrocardiogram (ECG). 

g) Cardiac failure: Clinical judgement of managing physicians. 

h) Pneumonia: Confirmed by a chest X-ray or other diagnostic imaging. 

i) Respiratory failure: Confirmed by arterial blood gas values of PaO2 < 60 mmHg or PaCO2 > 50 

mmHg. 

j) Sepsis: Clinical judgement of managing physicians. 

k) Surgical wound dehiscence: Clinical judgement of managing physicians on ward or confirmed 

by a re-operation. 

l) Anastomosis leak: Confirmed by a CT scan, by a contrast enema or in a re-operation. 

m) Abscess: Intraabdominal abscess confirmed by a CT scan or in a re-operation. 


