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ABSTRACT

Background. We assessed the feasibility and safety of

single-site laparoscopic surgery for patients with colorectal

cancer who required perioperative heparinization.

Methods. This retrospective study reviewed the medical

records of 390 patients who underwent single-site laparo-

scopic surgery for colorectal cancer from January 2010 to

December 2016. Antithrombotic drugs were stopped pre-

operatively and heparin was administered according to the

operative risk of each patient, based on consultation with

the cardiologist physician or neurosurgeon. Propensity

score modeling was utilized to adjust for baseline

characteristics.

Results. Of 390 patients, 29 were treated with standard

bridging intravenous heparin therapy. Propensity matching

identified 119 patients: 22 patients in the heparinization

group and 97 in the control group. The matched groups

were not significantly different in operation times, bleeding

volumes, or conversion rate. The mean postoperative hos-

pital stay was 17.9 days in the heparinization group and

9.5 days in the control group (p = 0.034). Postoperative

bleeding was observed in 4 patients (18.2%) in the hep-

arinization group and 11 patients (11.4%) in the control

group (p = 0.646), while other complications were similar

in the two study groups (p = 0.502). Of these other com-

plications, thromboembolic events were observed in two

patients in the heparinization group and one patient in the

control group.

Conclusions. We found that single-site laparoscopic sur-

gery for colorectal cancer with heparinization was feasible

and safe. Heparinization did not increase the risk of post-

operative bleeding complications, but postoperative

hospital stay was prolonged.

The colectomy procedure for colorectal cancer has

undergone advances over the years, particularly in mini-

mally invasive surgery techniques.1 The rising use of

minimally invasive surgical approaches, including single-

site laparoscopic colectomy, signals the start of a new age

in the field of colorectal cancer surgery. Single-site

laparoscopic colectomy was designed to minimize inva-

siveness, and is reportedly at least equivalent to

conventional multiport laparoscopic colectomy with regard

to safety, feasibility, postoperative pain, cosmetic outcome,

postoperative delirium, length of hospital stay, and long-

term outcomes.2-5

Recent reports have shown that complete mesocolic

excision (CME) with central vascular ligation (CVL) was

feasible and safe under laparoscopic settings.6-8 In a pre-

vious study, we applied the principles of CME to single-

site laparoscopic colectomy for colon cancer and confirmed

the safety, feasibility, and oncological clearance efficacy of
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this procedure.2 Moreover, these procedures have been

standardized.9 Those findings suggested that to achieve

better oncological outcomes, the principles of CME ?

CVL should be observed, regardless of the patient’s

condition.

Due to the aging of the population in recent years, the

number of patients with cerebral infarction, atrial fibrilla-

tion, or ischemic heart disease has increased. Accordingly,

the number of patients who receive antiplatelet and anti-

coagulation drugs has also increased, and these patients

often require surgery. Because antithrombotic agents are

associated with an increased risk of postoperative hemor-

rhage, the perioperative management of patients receiving

antithrombotic therapy increases the difficulty of abdomi-

nal surgery. Studies have shown that heparinization for

abdominal surgery could increase the risk of postoperative

bleeding.10-12 However, recent reports have shown that

laparoscopic surgery was safe for patients who received

antiplatelets or anticoagulants because it did not increase

the risk of postoperative bleeding.13,14

Patients who undergo single-site laparoscopic surgery

for colorectal cancer are often older and have comorbidi-

ties. It is not uncommon for these patients to be taking

antiplatelet or anticoagulant therapy; however, even for

these patients, surgery according to CME principles is

necessary to improve oncological outcomes when per-

forming single-site laparoscopic surgery with perioperative

heparinization.

We evaluated the feasibility and safety of single-site

laparoscopic surgery that conformed to a CME procedure

for colorectal cancer in patients who required perioperative

heparinization.

MATERIALS AND METHODS

Operative Procedures

Conventional multiport laparoscopic colectomy with

CME was performed in a standard manner. Briefly, five

ports, including the optical port, were placed. The first was

the optical port, with a 12 mm trocar in the umbilicus,

followed by one 12 mm trocar and three 5 mm trocars. For

specimen extraction, the umbilical port was expanded to

2–5 cm, as previously described. According to a previous

report, single-site laparoscopic colectomies were per-

formed using standard laparoscopic instruments.2 Briefly, a

2–3 cm extraction incision was performed in the umbilicus,

and a multichannel access device, such as an EZ Access

(Hakko, Nagano, Japan) or an SILS Port (Covidien,

Mansfield, MA, USA), was fitted into the incision.

Patients and Data Collection

All experimental protocols described in this study were

approved by the Institutional Ethical Review Committee

(UMIN 15046-3: comprehensive agreement) and conform

to the provisions of the Declaration of Helsinki. We ret-

rospectively reviewed the medical records of 390 patients

who underwent single-site laparoscopic surgery for col-

orectal cancer at our institution from January 2010 to

December 2016. Of the 390 patients, 66 were taking anti-

coagulation and/or antiplatelet agents chronically for

various comorbidities prior to surgery. A total of 29

patients received standard bridging intravenous heparin

therapy (heparinization group) after consultation with the

cardiologist physician or neurosurgeon who prescribed the

antithrombotic drugs, and according to the operative risk of

each patient. We compared the heparinization and

untreated control groups with respect to patient back-

ground, perioperative characteristics, and postoperative

outcomes. Postoperative complications were categorized

using the Clavien–Dindo classification system, and we

considered class III or higher as clinically significant.

Perioperative Management of Antithrombotic Drugs

When patients required perioperative heparinization,

warfarin was stopped for 4 days, antiplatelet agents were

stopped for 7 days, and direct oral anticoagulant drugs

were stopped for 1 day before the planned surgery. Intra-

venous unfractionated heparin was started at

10,000–20,000 units per day. Intravenous unfractionated

heparin was stopped 4 h before surgery and restarted

12–24 h after surgery, only after confirming the absence of

any bleeding complications.

Definitions of Postoperative Bleeding

Bleeding was classified as major when at least one of the

following occurred: fatal bleeding, retroperitoneal or

intracranial bleeding, bleeding of critical organs (intraoc-

ular, adrenal, endocardial, or spinal bleeding), surgical-site

bleeding that required surgical intervention, or clinically

overt bleeding that caused at least a 20 g/L decline in

hemoglobin or the need to transfuse C 800 mL of red

blood cells or whole blood. Minor bleeding was defined as

bleeding that did not meet the major bleeding criteria.

Propensity Score Matching

Because the heparinization group was much smaller

than the control group, an imbalance in crucial covariates

related to outcomes could have biased the estimation of the

heparinization effect. To adjust for these covariates, we
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performed a propensity score (PS) analysis. The PS

included 11 effective covariates, including age, sex, body

mass index (BMI), history of previous abdominal surgery,

smoking, alcohol, American Society of Anesthesiologists

(ASA) score, tumor location, tumor size, clinical T stage,

and lymphadenectomy. Each patient’s PS was estimated

using a logistic regression model, and we used the PS to

match patients who received heparinization with corre-

sponding control patients. For more plausible matching, we

allowed duplicate matching (variable rate matching, max-

imum 7:1). The caliper width for PS matching was 0.2.

Statistical Analysis

Student’s t test and Pearson’s Chi square test were used

for comparisons, as appropriate, and p values\ 0.05 were

considered significant. All statistical analyses were per-

formed using JMP� Pro 13.1.0 (SAS Institute Inc, Cary,

NC, USA).

RESULTS

Representative Case of Laparoscopic Surgery

for Advanced Ascending Colon Cancer

Patients received a single, small (3 cm) laparotomy

(electronic supplementary Fig. 1a). The surgeon confirmed

that the CME was definitively completed (electronic sup-

plementary Fig. 1b) and a CVL was performed at the root

of the ileocolic artery and vein (electronic supplementary

Fig. 1c). The operating time was 190 min and the esti-

mated blood loss was 10 g. Resected specimens confirmed

that the CME was properly completed (electronic supple-

mentary Fig. 1d).

Patient Characteristics

Table 1 summarizes the clinical characteristics of the

two groups. Among all 390 patients, age, ASA score, and

disease site were significantly different between the control

and heparinization groups. After variable-rate PS matching

was performed to account for potential cohort biases, we

analyzed a total of 119 patients (control: n = 97; hep-

arinization: n = 22). The PS-matched groups showed no

significant differences in sex, age, BMI, ASA score, dis-

ease site, tumor size, cT grade, cTNM stage, or abdominal

surgery history.

Table 2 shows the characteristics of the 66 patients

treated with antithrombotic agents. The indications for

antithrombotic therapy were ischemic heart disease

(n = 20), atrial fibrillation (n = 14), cerebral infarction

(n = 10), internal carotid artery stenosis (n = 9), valvular

heart disease (n = 5), arteriosclerosis obliterans (n = 5),

deep vein thrombosis (n = 3), and lumbar spinal canal

embolism (n = 2). Two patients in the heparinization group

were treated with both antiplatelet and anticoagulant

agents.

Short-Term Surgical Outcomes

The control and heparinization groups did not differ

significantly, before or after PS matching, in operation

time, blood loss, blood transfusion, or conversion rate

(Table 3). The postoperative major bleeding events of the

control and heparinization groups were seven (1.9%) and

two (6.9%) cases, respectively. Details for bleeding events

are shown in electronic supplementary Table 1. After

propensity matching, the postoperative bleeding events,

including minor bleeding, of each group were 11 (11.4%)

and four (18.2%) cases (p = 0.646), respectively. In addi-

tion, the groups were not significantly different in Clavien–

Dindo Class III or higher complications. Of these other

complications, thromboembolic events were observed in

two patients in the heparinization group (a pulmonary

TABLE 2 Data regarding the

indication for antithrombotic

therapy of the two groups

All patients (n =66)

Control group (n =37) Heparinization group (n =29)

Indication for antithrombotic therapy

Ischemic heart disease 12 8

Atrial fibrillation 6 8

Cerebral infarction 7 3

Internal carotid artery stenosis 8 1

Valvular heart disease 1 4

Arteriosclerosis obliterans 1 4

Deep vein thrombosis 1 2

Lumbar spinal canal stenosis 1 1

Safety of Single-Site Laparoscopic Surgery with Heparinization 4393



embolism and a myocardial infarction) and one patient in

the control group (a deep vein thrombosis). Only postop-

erative stay differed significantly between the two groups,

both before and after propensity matching (before match-

ing: 9.7 vs. 16.5 days, p = 0.002; after matching: 9.5 vs.

17.9 days, p = 0.034).

Long-Term Outcomes

The median follow-up period was 1308 days (range

28–3095). The 5-year cumulative survival rates of the

heparinization and control groups were 82.0% and 88.3%

(p = 0.144), respectively, before propensity matching, and

95.5% and 89.4% (p = 0.651), respectively, after propen-

sity matching (Fig. 1). The 5-year cumulative recurrence-

free survival rates of the heparinization and control groups

were 85.2% and 81.9% (p = 0.835), respectively, before

propensity matching, and 95.5% and 90.0% (p = 0.694),

respectively, after propensity matching (Fig. 1). Thus, both

before and after PS matching, the cumulative overall and

recurrence-free survival curves did not show any signifi-

cant effect of heparinization.

DISCUSSION

In this study, we evaluated how heparinization affected

single-site laparoscopic surgery for colorectal cancer. We

mainly assessed postoperative bleeding because recent

reports that evaluated antiplatelet and anticoagulant ther-

apy effects perioperatively in abdominal surgery

demonstrated that the rates of stent/vessel thrombosis by

heparinization were not significantly different.

In the present study, heparinization did not affect the

operation time, blood loss, blood transfusion rate, or con-

version rate. Although we observed a tendency toward

more frequent postoperative bleeding and postoperative

complications in the heparinization group, the differences

between groups were not statistically significant. More-

over, after PS matching, these trends disappeared. The rate

of major bleeding events of all patients was 2.3%, which is

higher than the 0.95% in JCOG 0404.15 This is because our

study enrolled consecutive cases, which is considered to be

different from JCOG 0404, which registered only healthy

patients. In addition, ASA and PS were matched by PS, and

those with worse general condition were compared with

each other (the rate of patients with an ASA score of 1

before and after matching was 45.1% and 22.7%, respec-

tively). Therefore, it is presumed that the major bleeding

event was more observed in 3 of 119 patients (2.5%) after

matching. Overall, among 66 patients who received

antithrombotic therapy, one developed a pulmonary

embolism and one developed a myocardial infarction
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postoperatively; both these patients had received heparin

treatment. After PS matching, postoperative hospital stay

was prolonged in the heparinization group compared with

controls.

Some previous reports have shown that patients who

received heparinization therapy perioperatively for

abdominal surgery had higher risks of postoperative

bleeding and prolonged postoperative stay (electronic

supplementary Table 2). In the present study, after PS

matching, we observed no difference in postoperative

bleeding, but the heparinization group had a longer median

postoperative hospital stay than the control group. The

prolonged hospitalization was thought to be due to the

continuation of hospitalization until postoperative warfarin

efficacy improved, a unique strategy widely practiced in

Japan. Since there were no factors that caused prolonged

hospitalization other than warfarin, we only considered

warfarin as the cause, from the results of this study.

In this study, we controlled for covariates using PS

matching to obtain a reliable evaluation of perioperative

heparinization. Although the most common adjustment

method in studies with a dichotomous outcome is logistic

regression,16 studies have shown that the PS was more

robust, more precise, and more statistically powerful than

logistic regression.17 Moreover, the variable rate-matching

method that we adopted was considered effective for

removing biases, when the size of the treatment group is

much smaller than the control group, as in this study.18

A previous meta-analysis on CME indicated that CME

increased the risk of blood loss.19 However, the results of

this study indicated that, even with heparinization, a well–

trained surgeon could safely perform single-site laparo-

scopic surgery with a good oncological outcome and

reduced complications, including bleeding.

The present study had some limitations. First, it was a

retrospective study carried out in a single institution, and,

second, the heparinization group was rather small. How-

ever, PS matching was performed to reduce the effects of

these limitations. Therefore, the present analysis demon-

strated that single-site laparoscopic colectomy with CME

for colorectal cancer and bridging heparin therapy could be

safe and feasible. Third, this study examined the safety and

feasibility between cases of single-site laparoscopic

colectomy with and without heparinization. We were not
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able to compare single-site laparoscopic surgery with

standard multiport colectomy because we conducted sin-

gle-site laparoscopic surgeries for colectomy as a standard

strategy. In addition, standard multiport laparoscopic

surgeries were rarely conducted in the study period because

we hypothesized that a single-site colectomy performed by

a single surgeon should reduce the unexpected bleeding

due to manipulation of the assistants. However, the results

of this study demonstrated that patients who require hep-

arinization benefit from the less invasive nature of single-

site laparoscopic surgery. We agree that since similar

research in conventional laparoscopic surgery for colon

cancer has not been performed to date, it is also considered

that examination of the safety of laparoscopic surgery with

heparinization, and comparative examination between

conventional and single-site laparoscopic surgery, should

be conducted in the future.

CONCLUSIONS

This report demonstrates that single-site laparoscopic

surgery for colorectal cancer was feasible and safe, even

when heparinization was performed, without increasing the

risk of postoperative bleeding complications. However, the

heparinization group had longer postoperative hospital

stays than the control group due to the need for medication

adjustments after heparinization.
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