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INTRODUCTION 

Current advances in surgical procedures, diagnostic and 

interventional imaging, anesthesia and intensive care, and 

adjuvant therapy resulted in remarkable improvement of 

the clinical outcome of liver metastasectomy.1,2 The scope 

of potentially curable patients with CRLM was expanded 

by application of innovative surgical strategies such as 

two-step liver resection, associating liver partitioning and 

ligation of the portal vein and ultrasonography-guided 

single-stage hepatectomy.3 The use of radiofrequency 

energy, ultrasonic waves and pressurized water jet 

devices enabled easier division of the liver parenchyma 

during liver resection.4 Intra-operative blood loss has 

been diminished by the application of low central venous 

pressure (CVP) anesthesia and different inflow/outflow 

hepatic blood flow occlusion techniques.5 

The introduction of targeted pharmacologic therapy, 

based on RAS/RAF mutations, in patients with CRLM 

has improved the response rates to adjuvant 

chemotherapy and prolongation of survival.6,7 Patients 
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with colorectal cancer and synchronous liver metastasis 

require multimodal management that includes surgery, 

chemotherapy and radiotherapy. Three options are 

available depending on the timing of surgery: the 

traditional ‘primary-first’, simultaneous ‘combined liver-

colorectal’ resection and reverse ‘liver-first’ approach. 

The later strategy may commence with liver resection 

“true liver-first” or alternatively by upfront chemotherapy 

followed by liver metastasectomy.8 

Strategies of downsizing and downstaging of CRLM by 

systemic and intra-arterial infusion of neoadjuvant 

chemotherapy has resulted in inclusion of several patients 

in the curative treatment plans who were otherwise 

incurable.9,10 The therapeutic advantages of liver 

resection for N-CRLM became increasingly recognized 

during the last two decades.11 In selected patients, liver 

metastasectomy for non-colorectal non-neuroendocrine 

secondary tumors from the ovary, pancreas, breast, 

kidney and stomach may provide comparable survival 

rates with resection of CRLM.11,12 Since 2012, the 

surgical oncology program at Sohag University has 

extended the scope of clinical services to include patients 

with primary and metastatic liver tumors. In this study, 

the incidence, clinical presentation, surgical approaches 

and clinical outcome of surgical management of patients 

with CRLM will be compared to those with N-CRLM. 

METHODS 

Patients who underwent liver resection (April 2013-May 

2017) at the Sohag University Hospital were identified. 

The medical records of adult (age >18 years), non-

cirrhotic, non-cholestatic patients with American Society 

of Anesthesiologists (ASA) score of I who were treated 

electively by liver resection for metastatic liver 

neoplasms were retrieved and analysed.  

Preoperative workup 

Preoperative clinical evaluation comprised medical 

history, clinical examination and relevant laboratory 

work-up. A standard panel of tumor markers including 

carcino-embryonic antigen, alfa fetoprotein (-FP) and 

carbohydrate antigen 19:9 (CA 19:9) was investigated. 

The levels of other tumor markers were selectively 

determined in specific cases. All patients were examined 

by ultrasonography of the liver and triphasic abdominal 

computed tomography (CT) and contrast enhanced chest 

CT. Liver metastasectomy was deemed feasible if 

sufficient size of future liver remnant with adequate 

arterial and portal inflow and hepatic venous outflow and 

biliary drainage could be secured. Complete tumor 

resection (R0) was concluded if at least one-centimetre 

tumor-free resection margin was microscopically proven.  

Anesthesia, analgesia and surgical interventions  

Analgesia was attained via epidural catheter inserted at 

T9-T10 level. General anesthesia was induced by 

propofol and maintained with isoflurane. The same 

surgical team carried out consistently all liver and other 

visceral resection procedures. The peritoneal cavity was 

entered via bilateral subcostal incision. Using self-

retaining abdominal retractor facilitated wide exposure 

and thorough exploration of the abdominal cavity. 

Hepatic parenchymal transection was carried out under 

portal triad (inflow) occlusion after clamping of 

hepatoduodenal ligament.  

Various techniques of inflow occlusion were used 

(continuous occlusion, intermittent clamping, or ischemic 

preconditioning) consistent with intra-operative 

assessment of the liver parenchyma by the surgical team 

on case-by-case basis. Crushing of the parenchyma by 

small artery clamp was the standard method of 

parenchyma transection in all cases. Intrahepatic bile 

ducts and vessels measuring 3mm or more were clipped 

or ligated while smaller vessels were cauterized using 

bipolar diathermy. Hepatic veins were transacted over 

vascular clamps and controlled by running sutures in 

most patients.  

 

Figure 1: Metastatic right colon cancer (involving 

parts from segments II and III). 

 

Figure 2: Hilar dissection showing the hepatic artery, 

portal vein and common bile duct (red, blue and 

yellow vessel loops, respectively). 

Vascular stapler was used for transection/closure of the 

hepatic veins only in a few patients (Figures 1 to Figure 
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4). In all patients, low CVP (less than 5mm H2O) was 

maintained during hepatic transection to minimize 

hepatic venous back flow with satisfactory urine output 

(at least 30ml/hour). The term multivisceral resection was 

assigned when liver resection was carried out with 

excision of the primary tumor in a single operation 

(excluding gall bladder cancer with liver-limited 

metastasis, which was considered sole liver resection due 

to the intimate anatomic relationship between the liver 

and gall bladder). 

 

Figure 3: Ischemia of the left lobe (after control of the 

left hepatic artery and left portal vein). 

 

Figure 4: Anatomic left hemi hepatectomy completed. 

Assessment of postoperative events and statistical 

analysis 

Postoperative complications were thoroughly registered 

in all patients. Surgical morbidity and mortality within 

the same hospital admission or during the first 

postoperative 30 days were considered “surgery-related”. 

Postoperative complications were ranked according to 

Clavien-Dindo classification into five grades.13,14 The 

study concluded an overall score of postoperative 

complications (ranging from one to seven) for each 

patient by allotting one point to each of grades I, II, IIIa, 

IIIb, IVa, IVb and V in ascending order, respectively. 

Statistical analysis was carried out using student's T test 

using Graph Pad Prism 5. Significant difference between 

groups was concluded if p value was <0.05. 

RESULTS 

Preoperative demographic and clinical data 

Twenty-six patients were enrolled with median age of 52 

(range: 24-74) years and slight predilection toward male 

gender. Indications for liver resection were metastatic 

malignant neoplasms which comprised CRLM (total 15, 

colonic origin 13, rectal origin 2) and N-CRLM (11 

patients in total). The N-CRLM group included 6 

metastatic gall bladders, 2 pancreatic, one breast, one 

lung, and one recurrent ovarian cancer. Preoperative 

demographic and clinical data are shown in Table 1.  

Table 1: Preoperative data. 

Parameter n % 

Demographic and clinical characteristics 

Male gender 14/26 54 

Smoking 11/26 42 

Abdominal pain 21/26 81 

Anorexia 15/26 58 

Weight loss 12/26 46 

Prior abdominal surgery 4/26 15 

Preoperative chemotherapy (CRLM) 3/26 12 

Diabetes 4/26 15 

Indication for liver resection 

CRLM 15/26 58 

N-CRLM 11/26 42 

Timing of metastasis in relation to initial presentation 

CRLM group 

Synchronous 8/15  

Metachronous 7/15  

N-CRLM group   

Synchronous 10/11  

Metachronous 1/11  

Multidisciplinary management plans for synchronous 

metastasis 

CRLM group (total = 8) 

Single-stage resection 6/8 

Two-stage resection: standard approach 

‘liver second’ 
1/8  

Two-stage resection: reverse approach 

‘liver first’ 
1/8  

N-CRLM group (total=10)   

Single-stage resection 10/10  

Repeat ‘second’ liver resection (total = 2) 

Recurrent CRLM (1 colonic, 1 rectal) 2  

(n) number of patients, (%) percentage from total number of 

patients. 

Surgical interventions 

Operative time ranged from 180 to 420 (median: 210) 

minutes. Multivisceral (single-stage resection of the liver 

and other organ‹s›) was carried out in 11 patients (6 with 

CRLM, 2 pancreas cancers, 1 lung cancer, 1 recurrent 

ovarian cancer, and 1 gall bladder cancer with 
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diaphragmatic mass). Operative data were shown in 

Table 2. 

Table 2: Operative data. 

Parameter n. %  

Multivisceral (liver-other 

organ‹s›)* resection 
11/26   42% 

CRLM group   

Colon  5/26 19% 

Rectum 1/26 4% 

N-CRLM group   

Pancreas 2/26 8% 

Gall bladder and diaphragm 1/26 4% 

Lung and diaphragm 1/26 4% 

Ovary  1/26 4% 

Technique of liver parenchyma transection  

Crushing clamp 22/26 85% 

Dissecting sealer 4/26 15% 

Anatomic versus non-anatomic liver resection 

Anatomic resection 17/26 65% 

Non-anatomic resection 9/26 35% 

Extent of liver resection    

Major (3 segments) 19/26 73% 

Minor (<3 segments) 7/26 27% 

Portal triad occlusion   

Continuous  2/26 8% 

Intermittent  21/26 80% 

Ischemic preconditioning  3/26 12% 

Central venous pressure (cm/H2O)§ 4 (1-6)   

Blood loss (ml)† 650 (250-950) 

Red blood cell transfusion (unit)§† 2 (0-4)  

(*) synchronous metastasis (excluding gall bladder cancer with 

metastasis confined to the liver), (n.) number of patients. (%) 

percentage from total number of patients, (§) median (Range), 

(†) significantly lower with anatomic resection. 

 

Figure 5: Complication score in CRLM versus                    

N-CRLM. 

Surgical complications 

Postoperatively, grades of complications showed wide 

array of variations that ranged from no adverse event, 

minor complications, major complications and in-hospital 

death. A summary of postoperative complications 

according to the points that we have assigned to each of 

Clavien-Dindo system of postoperative complications is 

shown in Table 3.  

 

Figure 6: Complication score after multivisceral 

resection in CRLM versus N-CRLM. 

Overall, the complication score was not significantly 

different between CRLM versus N-CRLM groups (Figure 

5). Similarly, among CRLM patients the subgroup of 

multivisceral resections did not exhibit significantly 

different score of postoperative complications compared 

with N-CRLM (Figure 6).  

 

Figure 7: Complication score after sole liver resection 

in CRLM versus N-CRLM. 

Moreover, patients who underwent sole liver resection in 

CRLM group were not significantly different with regard 

to postoperative complication score in comparison with 

those in the N-CRLM group (Figure 7).  

However, further subgroup analysis demonstrated that 

multivisceral resection was associated with increased 

postoperative complication score compared with sole 

liver resection in both CRLM and N-CRLM groups 

(Figures 8 and 9). 
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Impact of systemic factors on postoperative 

complications 

Patients with age more than 70 years (three patients) 

exhibited higher score of postoperative complications 

(median 5; range 3-7) compared with younger patients 

(median, 3; range 1-7), p<0.001. The origin of primary 

tumor (colon/rectum versus other organs), diabetes and 

preoperative chemotherapy were not associated with 

significant increase in morbidity. 

Table 3: Postoperative complications. 

Description of the highest postoperative complication (treatment, 

intervention) 

Complication 

grade 

Complication 

score 

Group 1: Colorectal liver metastasis (CRLM)  

Wound infection (opening at bedside) I 1 

Intra-abdominal bleeding (re-laparotomy) IIIb 4 

Hypoalbuminemia (transfusion of fresh frozen plasma) II 2 

Respiratory tract infection (antibiotics) II 2 

Intra-abdominal abscess (drainage) IIIa 3 

Death due to duodenal leak and sepsis V 7 

Wound infection (opening at bedside) I 1 

None None 0 

Wound infection (opening at bedside) I 1 

Prolonged ileus (medical treatment) I 1 

Anemia (transfusion of packed RBCs) II 2 

Anemia (transfusion of packed RBCs) II 2 

Wound infection (opening at bedside) I 1 

None None 0 

Drainage of biloma IIIa 3 

Group 2: Non-colorectal liver metastasis (N-CRLM)  

Repeated vomiting (antiemetics) I 1 

Anemia (transfusion of packed RBCs) II 2 

Respiratory failure (mechanical ventilation in ICU)  IVb 5 

Hypoalbuminemia (transfusion of fresh frozen plasma) II 2 

Death due to respiratory failure and sepsis V 7 

None None 0 

Prolonged ileus (medical treatment) I 1 

Wound infection (opening at bedside) I 1 

None None 0 

Prolonged ileus (medical treatment) I 1 

Respiratory tract infection (antibiotics) II 2 

 

 

Figure 8: Complication score after multivisceral 

versus sole liver resection in N-CRLM group. 

 

Figure 9: Complication score after multivisceral 

versus sole liver resection in CRLM group. 
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Early postoperative mortality 

Two patients died within the first 30 days 

postoperatively. One patient was 42-year-old male who 

died on day 25, after multivisceral resection for CRLM 

(liver bisegmentectomy, extended right hemicolectomy, 

and right nephrectomy) due to sepsis following 

anastomotic leak. The other N-CRLM patient (73-year-

old male) died after multivisceral resection (liver 

bisegmentectomy, right lower lung lobectomy and 

excision with mesh repair of the diaphragm) on 

postoperative day 9 due to sever sepsis and multiple 

organ failure.  

Survival 

After a mean follow up of 32 (range: 6-50) month, 12 

patients out of 16 were alive in CRLM group compared 

with 7 out of 11 in the N-CRLM group. The reduced 

overall survival rate among N-CRLM compared with 

CRLM patients (64% versus 75%, respectively) was 

related to recurrent disease and complications of 

chemotherapy. 

DISCUSSION 

This study provides a comprehensive analysis on the 

clinical presentation, surgical management, complications 

and mortality after liver resection for CRLM compared 

with N-CRLM at a single center in Southern Egypt.  

Overall, twenty-six patients with diverse types of 

metastatic liver neoplasms were surgically treated with 

curative intent. There was no remarkable difference 

regarding the incidence of liver metastasis in males 

compared with females. The number of patients who 

were eligible for liver metastasectomy due to distant 

spread of malignant colonic and rectal neoplasms was 

higher than that of patients with metastatic cancers 

originating from other organs. More than one fourth of 

our patients were smokers. Abdominal pain, anorexia and 

weight loss were the predominant symptoms associated 

with liver metastasis. The rates of synchronous (8/15) 

versus metachronous (7/15) metastasis were comparable 

in the CRLM group. In sharp contrast, synchronous 

metastasis was found in almost all cases (10/11) of N-

CRLM (from gall bladder, pancreas, lung, and ovary) 

except one patient with metachronous metastasis from 

breast cancer.  

We offered the majority of patients with N-CRLM the 

option of curative surgery if, in addition to other surgical 

and medical prerequisites, the secondary tumors were 

confined to the liver.15 Metastatic gall bladder carcinoma 

was the most frequent variety among N-CRLM patients. 

Preoperative imaging failed to recognize metastasis to the 

peritoneal lining of the right side of the diaphragm in one 

patient who underwent radical resection of the gall 

bladder, liver metastases and right hemi-diaphragm. Of 

note, gall bladder cancer is usually diagnosed at advanced 

stage due to aggressive biological features and 

incompetence of screening test.16  

Simultaneous pancreatico-duodenectomy (Whipple 

procedure) and resection of liver metastasis from 

pancreatic head cancer was reported to be not associated 

with increased postoperative complications.17 We 

reported on two cases of pancreatico-duodenectomy and 

segmental liver resection owing to uncertain diagnosis by 

preoperative imaging and lack of intra-operative frozen 

section biopsy. In both patients, pancreatic metastasis 

was confirmed on postoperative histopathological 

examination. The option of liver metastasectomy in two 

cases of N-CRLM (breast and recurrent ovarian cancer) 

was supported by the relatively long interval between 

resection of the primary tumor and the appearance of 

liver metastasis in the former and the concurrent tumor 

recurrence and liver metastasis, in the later case. Both 

varieties were reported to be associated with long term 

survival after liver resection.18 

Reports on liver resection from lung metastasis remain 

scarce. In a study on the relation between survival rates 

and specific organ metastasis from lung cancer, Tamura 

et al demonstrated that liver metastasis was associated 

with unfavourable prognosis.19 However, long term 

survival after liver resection for metachronous metastasis 

from lung cancer were reported.20,21 We performed 

multivisceral resection in an elderly patient with locally-

advanced lung cancer (that involved the diaphragm and 

liver segment VII). Postoperatively, liver functions were 

normalized on postoperative day 5, however sepsis 

following severe respiratory tract infection was the direct 

cause of postoperative death.  

We considered different plans for tackling synchronous 

CRLM including standard “primary-first”, combined 

(liver-visceral) and reverse “liver-first” approaches.8 

However, most of patients with synchronous CRLM 

underwent combined resection due to the relatively small 

number of metastatic deposits which justified the option 

of upfront liver resection without neo-adjuvant therapy.22 

This strategy conforms with the current guidelines which 

allow combined resections if liver metastasectomy is 

deemed easy due to low burden of metastasis.23 The 

“primary first” approach was applied in one patient with 

symptomatic colon cancer and multiple metastatic 

deposits in the liver. Postoperative chemotherapy has 

successfully downsized the diameter and number of liver 

metastases and therefore enabled sufficient future liver 

volume after metastasectomy. A beneficial downsizing 

effect of chemotherapy in similar situation has been 

previously recommended.23,24 The reverse “liver firstˮ 

strategy was applied in one patient with asymptomatic 

rectal adenocarcinoma to provide opportunity to eradicate 

the rapidly growing metastasis prior to neoadjuvant 

therapy for the primary tumor.24,25 

In this study, the term multivisceral resection denoted 

combined resection of the primary and metastatic liver 
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cancer. We applied this descriptive definition on all 

patients with single stage liver-visceral resections except 

five patients with metastatic gall bladder cancer which 

was confined to the liver (due to the close anatomical 

location of the gall bladder to the liver). Multivisceral 

resection was carried out in almost 50% of patients with 

N-CRLM compared with slightly more than one third of 

patients with CRLM. Published data on the results of 

combined liver-visceral resections on the severity of 

postoperative complications are contradictory.26-28 In this 

study, patients who underwent multivisceral resections 

exhibited higher grades of postoperative complications 

compared with those who had sole liver resection. 

However, no significant difference could be documented 

between subgroups of patients in CRLM versus N-CRLM 

groups who underwent multivisceral resection. Previous 

studies showed increased surgical complications in the 

setting of combined versus staged resection of CRLM 

particularly if major liver resection is performed.8,29 

Advanced age was regarded as risk factor for increased 

postoperative complications following liver resection.30 

Among our patients, we had only three patients who were 

aged over seventy years. Compared with the remaining 

patients, this subgroup was fragile and showed 

remarkably higher score of postoperative complications. 

However, we could not document a negative effect of 

diabetes or preoperative chemotherapy. These finding 

should be considered with caution due to the 

heterogeneity and relatively small number of patient 

subgroups. During a mean follow-up of 32 (range: 6-50) 

months, overall survival was 75% (3 patients died) in 

CRLM compared with 64% (4 patients died) in N-CRLM 

group. Decreased survival in the later group was related 

to disease recurrence and side effects of chemotherapy. 

Previous reports demonstrated longer survival after liver 

resection for CRLM compared with N-CRLM, however 

our results should be interpreted with caution due to the 

relatively small number of patients and short follow-

up.31,32 

CONCLUSION 

In conclusion, our results demonstrate that liver resection 

can be safely accomplished in CRLM and N-CRLM 

patients. Multivisceral resections and advanced age were 

associated with increased severity of postoperative 

complications regardless the location of primary 

neoplasm. 
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