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Abstract
Background: For colorectal liver metastases, surgery is a high-risk procedure due to perioperative morbidity. The
objective was to assess severity of complications after fast-track liver surgery for colorectal liver metastases and their
impact on morbidity and mortality.
Methods: All patients were treated according to the same fast-track programme. Complications were graded accord‑
ing to the Clavien–Dindo classification for patients undergoing surgery from 2013 to 2015. Correlation between
complications and length of stay was analysed by multivariate linear regression.
Results: 564 patient cases were included of which three patients died within 3 months (0.53%, 95% CI: 0.17–1.64%).
Complications were common with Grade ≤ 2 in 167 patients (30%) and ≥ Grade 3a in 93 (16%). Patients without
complications had a mean length of stay of 4.1 days, which increased with complications: 1.4 days (95% CI: 1.3–1.5)
for Grade 2, 1.7 days (1.5–2.0) for Grade 3a, 2.3 days (1.7–3.0) for Grade 3b, 2.6 days (1.6–4.2) for Grade 4a, and 2.9 days
(2.8–3.1) for Grade 4b. Following were associated with increased length of stay: complication severity grade, liver
insufficiency, ascites, biliary, cardiopulmonary, and infectious complications.
Conclusions: Complications after liver surgery for colorectal liver metastases, in a fast track setting, were associated
with low mortality, and even severe complications only prolonged length of stay to a minor degree.
Keywords: Colorectal liver metastases, Oncological surgery, Surgical complications, Morbidity after surgery, Lenght
of stay
Background
The surgical approach to colorectal liver metastases
(CRLM) has become increasingly aggressive, resulting in more patients becoming candidates for resection,
without hampering the survival rate [1–4]. For patients
with resectable disease, 5-year survival has improved significantly during the last few decades, and is currently
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reported as high as 50% [5–10]. Due to improved surgical techniques and downstaging neoadjuvant oncological
therapies, extensive surgery for advanced metastatic disease is now an option [10–12].
Complications after liver resection are common, occurring in 4 to 48% of cases, depending on tumour type,
extent of resection, and how complications are assessed
[13–23]. Furthermore, complications are associated
with impaired long-term survival [5, 24, 25]. To improve
perioperative morbidity, hospital stay and costs implementation of enhanced recovery after surgery is a vital
multimodal approach [26].
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The Clavien–Dindo classification of post-surgery complications is widely accepted and validated [27, 28]. However, complications in patients undergoing resection for
CRLM have yet to be described sufficiently, according
to type, incidence, severity, risk factors, impact on survival, and length of hospital stay. In addition, patients
resected for CRLM may differ from patients undergoing
liver resection for other tumours, with respect to type of
resection, chemotherapy, and comorbidity.
The aim of this study was to assess incidence, type,
and severity of postoperative complications, as well as
impact on length of stay and 3–6 months mortality after
liver resection for CRLM in a large homogenous cohort
treated in a validated, standardised enhanced recovery after surgery setting [29]. Furthermore, we aimed to
identify independent risk factors.

Methods
Study design and patient selection

This retrospective single-centre cohort study included
patients who underwent liver resection for CRLM at a
tertiary referral hospital (between 1 January 2013 and 31
December 2015). All patients were evaluated for resectability at a multidisciplinary team conference to determine
the best possible treatment option.
Patients were entered as cases as some patients underwent multiple liver resections.
The inclusion criteria were: Patients with CRLM
undergoing liver resection or open/laparoscopic radiofrequency ablation (RFA) and age ≥ 18 years. Exclusion
criteria were: combined primary colorectal resection
and liver resection, other procedures in addition to liver
resection (except ventral hernia repair), unresectable disease, and percutaneous RFA.
Patients were identified in the hospital surgery management system (Orbit, EVRY Healthcare Systems AB,
Malmö, Sweden) with a search on all liver resection procedure codes, according to the ICD-10 codes. After the
initial search, all cases were reviewed for inclusion.
This study was reported according to the “STrengthening the Reporting of OBservational studies in Epidemiology” (STROBE) statement [30].
Fast‑track programme

All patients were treated according to a previously
described fast-track program based on enhanced recovery after surgery principles, with a consistent surgical
approach [29] (Additional file 2: Table S1). The standard
perioperative care principles in the fast-track programme
are multimodal and include: standardized analgesic opioid sparing regime with epidural analgesia to POD 3,
removal of nasogastric tube after surgery, removal of
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the abdominal drain and urine catheter at POD 1 combined with laxatives, and early mobilization. The programme is modified marginally according to laparoscopic
or open surgery.
Surgical procedure

All resections were done according to international
standards favouring oncological results, with a parenchymal-sparing liver surgery philosophy. RFA was done
when clinically relevant due to parenchymal sparing or
comorbidity. Every surgical report was manually evaluated to ensure correct coding. We registered the number
of segments resected, the number of local resections, and
the number of RFAs. Furthermore, extrahepatic resections, two-stage procedures, and open or laparoscopic
approaches were registered. All questionable cases were
reviewed by two researchers to ensure consistency.
Complications

Complications were graded according to the Clavien–
Dindo classification [27]. Only complications Grade 2 or
higher, occurring within 30 days of surgery, were registered. Grade 1 complications were not recorded, as the
normal postoperative course definition is highly variable between centres according to the varying criteria for
standard of care plans. Each complication was described
and categorised post hoc. Two-stage procedures were
treated as distinct cases with separate complications.
Data collection

All data were collected retrospectively in 2017, using
Research Electronic Data Capture (REDCap), in which all
data were stored on a case level [31].
Basic data were extracted from the surgical management system and imported into REDCap. These included
age, gender, and surgery time. Preoperative data collected
from patient records included: the American Society of
Anaesthesiologists (ASA) score, tumour type and previous liver resection. Two reviewers collected postoperative data from patient records, which involved grading
of complications and length of hospital stay (from day of
surgery to discharge). The method for grading complications was validated in the first 100 cases to achieve consensus. Mortality was assessed using the National Patient
Register, thereby ensuring complete follow-up.
Time to discharge is defined as days from surgery to
primary hospital discharge including any transfers to
other hospital wards. Patients are admitted at the morning of surgery.
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Statistical analysis

The study size was determined by the number of eligible procedures in the period; pre hoc power calculation
was not done. Cases with missing data were excluded
from analysis. General characteristics were described as
mean with standard deviation (SD) if nearly normal distributed or median with interquartile range (IQR) for
continuous variables and number with percentage for
categorical variables. Complications were reported as the
most severe complication grade, as well as the number of
complications per case. The complication categories and
severity grades were described. The statistical analysis
was not independent and was therefore corrected using
a clustered effect.
To describe the survival rate, Kaplan Meier survival
estimates were performed. The impact of complications
on 6-month mortality was analysed by univariate Cox
regression, with cases entered at the time of liver resection and clustered by ID.
To assess risk factors for Grade 3a or more severe complication, a univariate logistic regression was done. Significant variables in the univariate analysis were assessed
in a multivariate model. Complications (independent
variables) impact on the length of stay (dependent variable, natural logarithm transformed) was analysed with a
multivariate linear backwards stepwise regression model.
Logistic regression with a stepwise model was done to
describe differences in type of complication between
major and minor hepatectomy. A p-value of 0.05 or less
was considered significant. Statistical analysis was done
in Stata (StataCorp. 2013. Stata Statistical Software:
Release 13. College Station, TX, USA: StataCorp LP).
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Table 1 General characteristics
n = 564
Age at surgery, mean (SD)
Male, n (%)

67 (10)
353 (63%)

ASA score, missing 16
1

49 (9%)

2

358 (65%)

3

140 (26%)

4

1 (0%)

Liver resection number
1

406 (72%)

2

121 (21%)

3

26 (5%)

4

7 (1%)

5
Surgery duration minutes, mean (SD)

4 (1%)
158 (66)

Two-stage, n (%)

50 (9%)

Laparoscopic, n (%)

35 (6%)

Right hepatectomy, n (%)

81 (14%)

Left hepatectomy, n (%)

27 (5%)

S5 and S8 hepatectomy, n (%)

5 (1%)

S6 and S7 hepatectomy, n (%)

18 (3%)

S2 and S3 hepatectomy, n (%)

25 (4%)

One segment, n (%)

61 (11%)

Other two segments, n (%)

12 (2%)

Other three segments or more, n (%)

26 (5%)

Local resection only, n (%)

274 (48%)

One local resection, n (%)

142 (52%)

Two local resections, n (%)

70 (26%)

Three local resections, n (%)

31 (11%)

Four or more local resection, n (%)

31 (11%)

Only RFA, n (%)

34 (6%)

Ethics approval and consent to participate

Extrahepatic resection, n (%)

39 (7%)

The study was approved by the Danish Patient Safety
Authority (Case Number: 3-3013-1881/1/, Reference:
BELK) and by the Danish Data Protection Agency. All
data in REDCap were anonymised and only the investigators had access to the patient identification key.

Length of stay, median (IQR), missing 25

Results

Preoperative bilirubin, median IQR, missing 169
Preoperative ALAT, median IQR, missing 170

4 (3–6)
7 (5–10)
23 (18–34)

General characteristics of the population. Length of stay is defined as day of
surgery to discharge. N number, RFA radio-frequency ablation, ASA American
Society of Anaesthesiologists score, IQR interquartile range, S segment, ALAT
alanine transaminase

Patient characteristics

In total, 957 cases were initially extracted based on procedure codes from the hospital’s surgery database. This
study included 564 procedures for 462 patients, of which
373 had one, 77 had two, 11 had three, and one had four
resections in the study period. The exclusion of patients
are descried in Additional file 1: Figure S1. No patients
were lost to follow-up at six months, with the mean follow-up at 182 days. The total follow-up was 102.492 days.
General characteristics are described in Table 1. Male
gender was prominent (63%), and mean age at surgery

was 67 years (SD 10). Local resection alone or combined
with RFA was done in 274 (48%) cases. RFA was the only
treatment in 34 (6%) of cases.
Complications

Overall morbidity (≥ Grade 2) within 30 days of surgery
occurred in 260 cases (46%). Figure 1 describes complication grades further, most notably 93 cases (16%) had
a complication of Grade 3 or higher. More than half,
304 (54%) cases, had no ≥ Grade 2 complication, 157

Egeland et al. BMC Surg

(2021) 21:312

Page 4 of 9

(28%) had one, 58 (10%) had two, 28 (5%) had three,
and 17 (3%) had four or more. All complications were
categorised in Table 2. The merely surgical complications occurred as wound complications in 58 cases
(10%), biliary complications in 25 (4%), other surgical
issues in 8 (1%), and bleeding in 7 (1%), with a total of
88 (16%) cases. Wound dehiscence occurred in 18 (3%)
cases. A complete list of complications, and their categorisation, is shown in Additional file 2: Table S1.
Patients undergoing open RFA had following complications: eight patients had a grade 2 complication
(24%), two patients had a grade 3a complication (6%),
and five patients had a grade 3b complication (15%). Out
of the seven patients who had a grade 3 or more complication, all had a wound complication.
Risk factors for severe complications

Complications of ≥ Grade 3a were considered severe, and
risk factors associated with these are listed in Table 3.
Type of surgery was analysed in seven categories, only
segmentectomy of ≥ 3 segments (134, 24%) cases was
associated with severe complications and was comprised
to major resection in further analyses.
Severe complication risk factors in the multivariate model were male gender (OR 2.4, 95% CI: 1.4–
4.0, p = 0.002), surgery duration (OR 1.1 per 30 min, 95%
CI: 1.01–1.2, p = 0.04), and major resection (OR 2.4, 95%
CI: 1.4–4.0, p = 0.001). Three or more liver resections
was nonsignificant (OR 1.8, 95% CI: 0.8–4.0, p = 0.1),
neither was comorbidities evaluated by the ASA score
(reference ASA 1; ASA 2 OR 1.1, 95% CI: 0.5–2.6; ASA
3 or more OR 1.5, 95% CI: 0.6–3.7), preoperative bilirubin (OR 1.4, 95% CI: 0.9–2.4), or ALAT (OR 1.0, 95% CI:
0.7–1.7). More men had a higher ASA score (OR 1.5 by
ordinal logistic regression, 95% CI: 1.04–2.2).

Fig. 1 Distribution of highest grade complication. Highest grade
complication after liver surgery for colorectal liver metastases
according to Clavien–Dindo classification

Table 2 Description of complications
Total

Grade 2

Grade 3a

Grade 3b

Grade 4a

Grade 4b

Grade 5

Infection, n (%)

95 (17%)

92 (97%)

–

1 (1%)

2 (2%)

–

–

Biliary, n (%)

25 (4%)

2 (8%)

19 (76%)

4 (16%)

–

–

–

Post-operative bleeding, n (%)

7 (1%)

4 (57%)

2 (29%)

1 (14%)

–

–

–

Cardio-pulmonary, n (%)

29 (5%)

14 (48%)

11 (38%)

-

4 (14%)

–

–

Liver insufficiency, n (%)

59 (10%)

57 (97%)

1 (2%)

-

-

1 (2%)

–

Anemia, n (%)

44 (8%)

44 (100%)

–

–

–

–

–

Gastrointestinal, n (%)

48 (9%)

48 (100%)

–

–

–

–

–

Wound, n (%)

58 (10%)

6 (10%)

16 (28%)

36 (62%)

–

–

–

Ascites, n (%)

11 (2%)

8 (73%)

2 (18%)

1 (9%)

–

–

Other surgical, n (%)

8 (1%)

–

1 (13%)

6 (75%)

–

–

1 (13%)

Other medical, n (%)

34 (6%)

30 (88%)

4 (12%)

–

–

–

–

Description of complications by total and each grade in numbers and percent. N, number
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Table 3 Risk factors for severe complications
Univariate

Multivariate

OR for ≥ Grade 3a (95%
CI)

p-value

Age at surgery per 10 year

1.1 (0.9–1.4)

0.161

Male

2.5 (1.5–4.2)

0.001

1

Ref

Ref

2

1.1 (0.5–2.6)

0.808

3 or more

1.5 (0.6–3.7)

0.394

OR for ≥ Grade 3a (95%
CI)

p-value

2.3 (1.4–4.0)

0.002

1.1 (1.0–1.3)

0.013

2.2 (1.3–3.7)

0.003

ASA

Liver surgery number
One, n (%)

Ref

Ref

Two, n (%)

1.1 (0.6–1.9)

0.790

Three or more, n (%)

2.0 (0.9–4.3)

0.066

Surgery duration per 30 min

1.2 (1.1–1.4)

< 0.001

Laparoscopic

NA

NA

Number of local resections
One

Ref

Two

0.4 (0.1–1.1)

0.079

Three

0.4 (0.1–1.9)

0.260

Four or more

1.3 (0.5–3.4)

0.541

Local resection only

Ref

Ref

4 or more segments

3.4 (1.9–6.0)

< 0.001

3 segments

3.8 (1.7–8.7)

0.001

2 segments

1.1 (0.5–2.7)

0.800

1 segment

1.3 (0.6–3.1)

0.540

RFA only

2.2 (0.9–5.1)

0.080

Local resection 4 or more

1.8 (0.7–4.5)

0.190

Major resection (≥ 3 segments)

2.9 (1.8–4.6)

< 0.001

Extrahepatic resection

0.6 (0.2–1.6)

0.286

Preoperative bilirubin, logarithmic transformed

1.4 (0.9–2.4)

0.2

Preoperative ALAT, logarithmic transformed

1.1 (0.7–1.7)

0.8

Type of surgery

To analyse risk factors for severe complications (≥ Grade 3a) univariate and multivariate logistic regression models were done. Major resection (≥ 3 segments) were
comprised from the results of the univariate model, thus were other types of surgery not included in the multivariate model. NA (non-applicable) is used as there were
no severe complications. OR odds ratio, N number, RFA radio-frequency ablation, ASA American Society of Anaesthesiologists score, ALAT alanine transaminase

Impact on length of hospital stay

Patients without any complications had a mean length
of stay of 4.1 days, which increased with complications:
1.4 days (95% CI: 1.3–1.5) for Grade 2, 1.7 days (95%
CI:1.5–2.0) for Grade 3a, 2.3 days (95% CI: 1.7–3.0) for
Grade 3b, 2.6 days (95% CI: 1.6–4.2) for Grade 4a, and
2.9 days (95% CI: 2.8–3.1) for Grade 4b. Only 20% of
patients had a length of ≥ 6 days. Complications were
associated with increased length of stay (Table 4). Following were associated with increased length of stay
in the multivariate model: highest complication grade
(OR 1.1, 95% CI: 1.1–1.1), infections (OR 1.2, 95% CI:
1.1–1.4), biliary (OR 1.9, 95% CI: 1.4–2.6) and cardiopulmonary complications (OR 1.3, 95% CI: 1.1–1.7), liver

insufficiency (OR 1.3, 95% CI: 1.1–1.5), and ascites (OR
1.9, 95% CI: 1.5–2.3). Notably, postoperative bleeding
was not significantly associated with length of stay, and
occurred in seven cases (1.6%), of which one was Grade
3b.
Patients with Grade 4 complications (n = 7) had a
median length of stay of eight days (IQR 7–21). Three
patients had postoperative cardiac failure with a prolonged stay in the postoperative anaesthesia care unit of
24–48 hours and received vasopressor and inotropica.
They were discharged to their home after 5, 7 and 8 days,
respectively. One patient had < 1 min cardiac arrest and
was discharged after seven days. One had pneumonia
after aspiration and was admitted after 21 days. One
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Table 4 Correlation between complications and length of stay a multivariate stepwise model
Complication

Coefficient

Lower 95% CI

Upper 95% CI

Highest complication per increase

1.1

1.1

1.1

p-value
< 0.001

Type of complication
Infection

1.2

1.1

1.4

0.005

Biliary

1.9

1.4

2.6

< 0.001

Cardio-pulmonary

1.3

1.1

1.7

0.016

Liver insufficiency

1.3

1.1

1.5

< 0.001

Anemia

1.1

1.0

1.3

0.064

Ascites

1.9

1.5

2.3

< 0.001

Analysis of the correlation between complications and length of stay (logarithmic transformed) in a multivariate stepwise (removal if p ≥ 0.1) linear regression.
Following was removed from the model: Total complications (p = 0.9), bleeding (p = 0.6), other surgical (p = 0.5), wound (p = 0.6), other medical (p = 0.3), anemia
(p = 0.1) and gastrointestinal complications (p = 0.1). Length of stay was defined as time from surgery to discharge. OR odds ratio

had septicaemia from an intraabdominal collection, discharged after 22 days. One patient had mild liver and
kidney insufficiency without need for renal replacement
therapy and shortly respiratory failure discharged after
11 days, but died at day 26 after surgery.
Predictor of short‑term survival

The study includes a total of 564 cases. Three patients
died within three months (mortality rate 0.5%, 95% CI:
0.2–1.6%; survival 99.5 (98.4–99.8%)) and ten patients
died within six months (mortality rate 1.6%, 95% CI:
0.8–3.0%; survival 98.4 (97–99.2%)). Two deaths may be
attributed to surgery: one was caused by thrombosis of
the superior mesenteric artery (two days after surgery)
and one by biliary leak (120 days after surgery). One died
from cardiac decompensation (day 26). Three patients
died from chemotherapy induced infections and multiorgan failure (days 53, 114, and 177). One patient died of
sudden cardiac arrest at home (day 115). Cause of death
was unknown in the last three cases (days 155, 165, and
183).
Complication Grade 3a or higher were not significantly
associated with 6-month mortality (hazard ratio (HR)
3.5, 95% CI: 0.9–13.3, p = 0.07), and neither was the number of complications (HR 1.3, 95% CI: 0.95–1., p = 0.1).
Difference in complications between major and minor liver
surgery

Cases that required major hepatectomy had significantly
more severe complications (OR 1.8, 95% CI: 1.4–2.2)
(Additional file 2: Table S3). Patients undergoing major
hepatectomy had a higher incidence of liver insufficiency
(OR 10.4, 95% CI: 5.0–21.9) and ascites (OR 14, 95% CI:
1.4–137.9), but the incidence of other surgical complications such as (OR 0.1, 95% CI: 0.01–1.0) wound complications (OR 0.2, 95% CI: 0.1–0.5) and postoperative
bleeding (OR 0.3, 95% CI: 0.1–1.0) were lower.

Discussion
In this study of fast-track colorectal liver metastasis surgery in a high-volume centre, the three months mortality rate was only 0.5%, and ≥ Grade 3a complications
occurred after 16% of the procedures. Overall complications (≥ Grade 2) occurred after 46% of the procedures.
Infections (17% of cases) followed by liver insufficiency
(10%) and wound complications (10%) were the most
common. Biliary and bleeding complications were rare
but occurred in respectively 4% and 1% of cases. Complications did not increase the risk of dying within
three or six months after surgery in this study, but
only three patients died within three months and ten at
six months which makes statistical analysis difficult.
The mortality rate in our study was low (0.5%, 95% CI:
0.2–1.6%). In other studies of liver resection for CRLM
mortality was rare, but the rate varied considerably
between centres from 1.6 to 7% [5, 32–34]. However, the
complication rate in our study was not lower with overall
complication rate of 46% (≥ Grade 2) and severe complications in 16%, compared with the literature with overall
complication rate of 20 to 42% and severe complications
in 10 to 20% of cases, but not all cases were CRLM [5, 32,
35, 36]. Improving treatment outcomes after liver resection for CRLM require benchmarking between centres,
despite different thresholds for interventions when complications occur. Furthermore, chemotherapy and baseline liver function may differ between centres and bias
the outcome comparison. Previous publications on fasttrack liver resection from our institution showed similar complication and mortality rates, as reported in this
study [29, 37].
We found that male gender, duration of surgery, and
major hepatectomy were independently associated with
increased risk of severe complications. None of these factors are modifiable and it is well known that large resections, longer the operation and male gender increase the
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risk of complications [13, 36]. Men had a higher comorbidity with a higher ASA score, but the higher risk of
complications may also partly represent the fact that surgery is technically more difficult in men due to size.
The length of stay in this study was 4.1 days and 20%
of patients had a length of ≥ 6 days. In our philosophy
the best way to recover from surgery is at home [26]. The
enhanced recovery after surgery approach (fast-track)
has been successful in decreasing length of stay [29, 37].
The primary care in Denmark is publicly financed and
easily accessible and patients can be discharged to selfcare at home, home care nursing which can administer
parenteral medicine, or to a rehabilitation facility. After
discharge patients are contacted per phone by a surgical nurse the day after discharge and 21 days after surgery. The hospital stay is merely to recover patients to
the extent that home care is safe. However, comparison
of hospital stay between different countries is difficult as
the healthcare systems may support early discharge very
different.
Not surprisingly, severity of the complication led to an
increased length of stay. The surgical complications being
biliary, ascites and liver insufficiency were also associated with an increased length of stay, as were the medical cardiopulmonary and infectious complications. We
established the type of complications after liver resection
for CRLM, which will be used to improve the fast-track
strategy by improving optimization prior to surgery and
postoperative care. The interventions will be discussed in
a multidisciplinary team and evaluated in new studies.
The Clavien–Dindo classification is a concise and validated method, which makes it an excellent registry tool,
as lack of quality may be difficult to assess if not collected in a standardised manner, based on the intervention. However, focus on intervention, rather than type
of complication may limit the clinical impact, but has
proven easier to register retrospectively rather than surgeon reported complications diagnoses. To improve
treatment, it is vital to have detailed knowledge of each
complication.
Recent studies have shown that laparoscopic liver surgery may have advantages compared to open surgery by
lowering complication rates and length of stay [38]. However, in our study the length of stay was four days with
the majority of patients undergoing open surgery which
is similar to large cohorts with patients undergoing laparoscopic surgery [39]. The results found in this study may
illustrate that the benefit from minimal invasive surgery
is not being fully utilized in centres where laparoscopic
surgery is predominant. Our median length of stay in
highly selected laparoscopic cases are two days.
The study was limited by its retrospective nature. The
correlation between complications and mortality could
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not be evaluated sufficiently, as very few cases died.
Readmission rates were not available, as patients may
have been hospitalized outside our region, but our overall readmission rate was between 15% and 19% during
this period (local quality project, not published). Compared to other large studies, this study has a lower rate
of major hepatectomies, but was also more up to date
with a parenchymal sparing strategy. Grade 1 complications were not included in the study which may lead to an
underrepresentation of cases with a deviating postoperative course, but in the light of the present data the influence of grade 1 complication is considered negligible also
because a very extensive plan of care might hide these
complications. Many potential risk factors for complications could not be investigated in our study setting, most
importantly data on chemotherapy were not reported.
This material includes one of the largest cohorts on
resection of colorectal liver metastases, from a modern high-volume centre for three years, using standardised surgical techniques and a fast-track approach as the
standard of care. Other large studies on liver resection for
CRLM were conducted over longer periods up to almost
20 years, increasing the risk of bias [5, 32–34]. We had
very little missing data due to electronic medical records.

Conclusion
In conclusion, fast-track liver surgery with the majority done as open cases, carries a low mortality, but also
a severe morbidity rate, that affects the length of stay
although less than anticipated by their severity. However,
complications irrespective of their classification (≥ Grade
2) increase the length of stay. Fast track protocols and
high volume may reduce mortality considerably, which
warrants further investigation of the consequent use of
fast track also in minimal invasive surgery.
Abbreviations
ALAT: Alanine transaminase; ASA: American Society of Anaesthesiologists
score; CRLM: Colorectal liver metastases; CI: Confidence interval; IQR: Inter‑
quartile range; RFA: Radiofrequency ablation; REDCap: Research electronic
data capture; OR: Odds ratio; SD: Standard deviation; STROBE: STrengthening
the Reporting of OBservational studies in Epidemiology.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12893-021-01301-4.
Additional file 1. Inclusion flowchart in the study. HCC, hepatocellular
carcinoma. N, number.
Additional file 2: Table S1. Fast-track liver resection standard periopera‑
tive care principles. Table S2. All complications described. Table S3. Risk
of complications if comparing major (≥ 3 segments, n = 134) with minor
surgery (n = 430).

Egeland et al. BMC Surg

(2021) 21:312

Acknowledgements
Not applicable.
Authors’ contributions
CE contributed to project design, data collection, analysis and manuscript
writing. AAR contributed to project design, data collection, analysis and
manuscript writing. NS contributed to project design and manuscript review‑
ing. HP contributed to analysis and manuscript reviewing. TD contributed to
data collection and manuscript reviewing. LT contributed to data collection
and manuscript reviewing. AR contributed to project design and manuscript
reviewing. JH contributed to project design and manuscript reviewing. All
authors have read and approved the final manuscript.
Funding
No grants or support was given. The authors salaries were funded com‑
pletely by Department of Surgical Gastroenterology and Transplantation,
Rigshospitalet.
Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request according to the Danish law
on Data Protection of healthcare data.
Declaration
Ethics approval and consent to participate
The study was approved by the Danish Patient Safety Authority (Case Number:
3-3013-1881/1/, Reference: BELK) and by the Danish Data Protection Agency.
Consent for publication
Not applicable.
Competing interests
The authors have no competing interests.
Received: 19 October 2020 Accepted: 28 June 2021

References
1. Misiakos EP, Karidis NP, Kouraklis G. Current treatment for colorectal liver
metastases. World J Gastroenterol. 2011;17(36):4067–75.
2. de Haas R, Wicherts D, Andreani P. Impact of expanding criteria for resect‑
ability of colorectal metastases on short- and long-term outcomes after
hepatic resection. Ann Surg. 2011;253(6):1069–79.
3. Chan KM, Chiang JM, Lee CF. Outcomes of resection for colorectal cancer
hepatic metastases stratified by evolving eras of treatment. World J Surg
Oncol. 2011. https://doi.org/10.1186/1477-7819-9-174.
4. Vigano L, Russolillo N, Ferrero A, Langella S, Sperti E, Capussotti L. Evolu‑
tion of long-term outcome of liver resection for colorectal metastases:
analysis of actual 5-year survival rates over two decades. Ann Surg Oncol.
2012;19(6):2035–44.
5. Mavros MN, Jong M, Dogeas E, Hyder O, Pawlik TM. Impact of complica‑
tions on long-term survival after resection of colorectal liver metastases.
Br J Surg. 2013;100(5):711–8.
6. Jong M, Pulitano C, Ribero D. Rates and patterns of recurrence following
curative intent surgery for colorectal liver metastasis: an international
multi-institutional analysis of 1669 patients. Ann Surg. 2009;250(3):440–8.
7. Morris EJ, Forman D, Thomas JD. Surgical management and outcomes of
colorectal cancer liver metastases. Br J Surg. 2010;97(7):1110–8.
8. Rees M, Tekkis PP, Welsh FK, O’Rourke T, John TG. Evaluation of long-term
survival after hepatic resection for metastatic colorectal cancer: a multi‑
factorial model of 929 patients. Ann Surg. 2008;247(1):125–35.
9. Wei AC, Greig PD, Grant D, Taylor B, Langer B, Gallinger S. Survival after
hepatic resection for colorectal metastases: a 10-year experience. Ann
Surg Oncol. 2006;13(5):668–76.
10. Kanas GP, Taylor A, Primrose JN. Survival after liver resection in metastatic
colorectal cancer: review and meta-analysis of prognostic factors. Clin
Epidemiol. 2012;4:283–301.

Page 8 of 9

11. Sandstrom P, Rosok BI, Sparrelid E. ALPPS improves resectability
compared with conventional two-stage hepatectomy in patients
with advanced colorectal liver metastasis: results from a scandina‑
vian multicenter randomized controlled trial (LIGRO Trial. Ann Surg.
2018;267(5):833–40.
12. Folprecht G, Gruenberger T, Bechstein WO. Tumour response and second‑
ary resectability of colorectal liver metastases following neoadjuvant
chemotherapy with cetuximab: the CELIM randomised phase 2 trial.
Lancet Oncol. 2010;11(1):38–47.
13. Andres A, Toso C, Moldovan B. Complications of elective liver resections
in a center with low mortality: a simple score to predict morbidity. Arch
Surg. 2011;146(11):1246–52.
14. Mizuguchi T, Kawamoto M, Meguro M. Laparoscopic hepatectomy:
a systematic review, meta-analysis, and power analysis. Surg Today.
2011;41(1):39–47.
15. Asiyanbola B, Chang D, Gleisner AL. Operative mortality after hepatic
resection: are literature-based rates broadly applicable? J Gastrointest
Surg. 2008;12(5):842–51.
16. Wu KT, Wang CC, Lu LG. Hepatocellular carcinoma: clinical study of longterm survival and choice of treatment modalities. World J Gastroenterol.
2013;19(23):3649–57.
17. Fong ZV, Tanabe KK. The clinical management of hepatocellular
carcinoma in the United States, Europe, and Asia: a comprehensive and
evidence-based comparison and review. Cancer. 2014;120(18):2824–38.
18. Wang P, Chen Z, Huang WX, Liu LM. Current preventive treatment for
recurrence after curative hepatectomy for liver metastases of colorectal
carcinoma: a literature review of randomized control trials. World J Gas‑
troenterol. 2005;11(25):3817–22.
19. Buell JF, Cherqui D, Geller DA. The international position on lapa‑
roscopic liver surgery: The Louisville Statement, 2008. Ann Surg.
2009;250(5):825–30.
20. Simillis C, Constantinides VA, Tekkis PP. Laparoscopic versus open hepatic
resections for benign and malignant neoplasms—a meta-analysis. Sur‑
gery. 2007;141(2):203–11.
21. Croome KP, Yamashita MH. Laparoscopic vs open hepatic resection for
benign and malignant tumors: an updated meta-analysis. Arch Surg.
2010;145(11):1109–18.
22. Gaillard M, Tranchart H, Dagher I. Laparoscopic liver resections for hepa‑
tocellular carcinoma: current role and limitations. World J Gastroenterol.
2014;20(17):4892–9.
23. Spolverato G, Ejaz A, Hyder O, Kim Y, Pawlik TM. Failure to rescue as a
source of variation in hospital mortality after hepatic surgery. Br J Surg.
2014;101(7):836–46.
24. Yin Z, Huang X, Ma T. Postoperative complications affect long-term sur‑
vival outcomes following hepatic resection for colorectal liver metastasis.
World J Surg. 2015;39(7):1818–27.
25. Schiesser M, Chen JW, Maddern GJ, Padbury RT. Perioperative morbidity
affects long-term survival in patients following liver resection for colorec‑
tal metastases. J Gastrointest Surg. 2008;12(6):1054–60.
26. Melloul E, Hübner M, Scott M, Snowden C, Prentis J, Dejong CHC,
et al. Guidelines for perioperative care for liver surgery: enhanced
recovery after surgery (ERAS) society recommendations. World J Surg.
2016;40(10):2425–40.
27. Dindo D, Demartines N, Clavien PA. Classification of surgical complica‑
tions: a new proposal with evaluation in a cohort of 6336 patients and
results of a survey. Ann Surg. 2004;240(2):205–13.
28. Clavien PA, Barkun J, Oliveira ML. The Clavien–Dindo classification of sur‑
gical complications: five-year experience. Ann Surg. 2009;250(2):187–96.
29. Schultz NA, Larsen PN, Klarskov B. Second generation of a fast-track liver
resection programme. World J Surg. 2018;42(6):1860–6.
30. Elm E, Altman D, Egger M. Strengthening the reporting of observational
studies in epidemiology (STROBE) statement: guidelines for reporting
observational studies. BMJ. 2007;335(7624):806–8.
31. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research
electronic data capture (REDCap)—a metadata-driven methodology and
workflow process for providing translational research informatics sup‑
port. J Biomed Inform. 2009;42(2):377–81.
32. Kingham TP, Correa-Gallego C, D’Angelica MI. Hepatic parenchymal
preservation surgery: decreasing morbidity and mortality rates in 4,152
resections for malignancy. J Am Coll Surg. 2015;220(4):471–9.

Egeland et al. BMC Surg

(2021) 21:312

33. Robertson DJ, Stukel TA, Gottlieb DJ, Sutherland JM, Fisher ES. Survival
after hepatic resection of colorectal cancer metastases: a national experi‑
ence. Cancer. 2009;115(4):752–9.
34. Schiergens TS, Dorsch M, Mittermeier L. Thirty-day mortality leads
to underestimation of postoperative death after liver resection: a
novel method to define the acute postoperative period. Surgery.
2015;158(6):1530–7.
35. Ito H, Are C, Gonen M. Effect of postoperative morbidity on long-term
survival after hepatic resection for metastatic colorectal cancer. Ann Surg.
2008;247(6):994–1002.
36. Breitenstein S, DeOliveira ML, Raptis DA. Novel and simple preopera‑
tive score predicting complications after liver resection in noncirrhotic
patients. Ann Surg. 2010;252(5):726–34.

Page 9 of 9

37. Schultz NA, Larsen PN, Klarskov B. Evaluation of a fast-track programme
for patients undergoing liver resection. Br J Surg. 2013;100(1):138–43.
38. Fretland AA, Dagenborg VJ, Bjornelv GMW. Laparoscopic versus open
resection for colorectal liver metastases: the OSLO-COMET randomized
controlled trial. Ann Surg. 2018;267(2):199–207.
39. Halls MC, Cipriani F, Berardi G. Conversion for unfavorable intraoperative
events results in significantly worse outcomes during laparoscopic liver
resection. Ann Surg. 2018;268(6):1051–7.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

