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Abstract

Background: Perioperative measurement to enhance recovery after surgery has been
introduced as a prognostic factor. The effect of surgery on activity level during and after

hospital discharge has been relatively under-explored. The present study aims to measure
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perioperative activity for patients undergoing liver surgery as a benchmark for further

interventional studies on the relationship between postoperative mobilization and outcome.

Methods: In this prospective cohort study we measured activity levels for patients selected for
liver surgery at a single liver surgical center. The activity level was measured before, during
hospital admission, and after discharge with patients wearing pedometers. Clinical parameters

and outcomes were documented.

Results: Thirty-three patients were included. Median activity level was 4303 (2381- 6912),
293 (170-665), and 1250 (613-3300) steps per day preoperatively, perioperatively, and
postoperatively after discharge, respectively. The activity level decreased to 38 (22-62) % after

discharge compared to preoperative levels.

Conclusion: This study quantified the decrease in activity level after liver surgery. Future
studies could further evaluate the intervention effect of perioperative care on postoperative

outcome measures.
Keywords
Activity, mobility, pedometer, liver resection, postoperative care, steps, biometry.

Background

An active lifestyle increases muscle mass and cardiopulmonary function, as well as overall
physical wellbeing. Regular activity is an important factor to reduce the risk of many lifestyle-
related diseases and premature death[1].

It is known that active patients fare better after surgery and patient with better physical
performance status have better postoperative outcome[2, 3]. For the last couple of decades,
standardized postoperative programs have been developed for various surgical procedures
that decrease complications and shorten the length of hospital stay. These programs include,

e.g. early mobilization and food intake[4].
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During the last decade, the use of biometric products that measure activity has increased
drastically[5]. Biometrics is an easy and inexpensive way to measure activity level and will

probably guide future clinical decision making in the future[S5, 6].

Few studies are available that measure activity level with pedometers. A recent study observed
a correlation between poor activity and complications, and the study found a drop to 19% steps
postoperatively compared to preoperatively[5]. This study had few participants and the effect

of surgery on the activity level after hospital discharge needs further investigation.

The present study aims to measure pre-, peri- and postoperative mobility levels using
pedometers for patients undergoing liver surgery with a special investigation on the

relationship between postoperative mobility and outcome.

Methods

All patients over the age of eighteen scheduled for liver resection at the Skane University
hospital during a six months’ period, were asked to participate. Only patients that could reliable
give informed consent were offered participation. Forty-eight patients were offered to
participate in the study and 38 underwent liver resection. Four patients denied participation and

one hade unreliable data, making the final cohort of patients, 33.

Data on perioperative mobility was recorded using a validated pedometer, Yamax SW 200[7].
The patients wore the pedometer on their waist during all waking hours. Pre- and postoperative
mobility was recorded at the patients’ home before admission and after discharge from the
hospital for seven consecutive days. Perioperative mobility was recorded during admission

starting the first postoperative day until discharge or for a maximum seven consecutive days.

An enhanced recovery program was used, and liver resection was performed as previously

described[8].



70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

Clinical data were recorded continuously. Complications were registered using the Clavien-
Dindo classification of surgical complications during the postoperative period until
discharge[9]. The pain severity score was obtained during admission using the validated pain
numeric rating scale (NRS)[10]. A novel nausea score was recorded during admission with
three categorical values as reported by the patients: none, some, or severe nausea. All methods
were performed in accordance with the relevant guidelines and regulations.

Statistics

Summary statistics are presented as whole numbers and/or percentages for categorical
variables, or as medians with interquartile ranges (IQRs) for continuous variables. A Mann-
Whitney U-test was used to compare continuous data and Fischer’s exact test was used for
categorical data. Friedman-test when comparing three continuous variable groups. An Odd
ratio was calculated with a 95% confidence interval using a logistic regression model. A P-
value of less than 0.05 was considered statistically significant. Statistical analysis was
performed using R (R Core Team (2016). R: A language and environment for statistical

computing. R Foundation for Statistical Computing, Vienna, Austria. URL https://www.R-

project.org/).

Results

Thirty-three patients underwent liver surgery during the study period. All but two patients
underwent open liver resection and eight patients underwent major liver resection. The
patients’ characteristics are shown in Table 1.

Table 1. Clinical features of patients

n 33
Age 70 (58-74)
Gender (male) 18 (54.5)
BMI 25.1 (23.9-28.0)
ASA>2 13 (39.4)
Previously cancer diagnosis 19 (57.6)
Chronic pain 2(6.1)
Smokers

Never 17 (561.5)
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Previously 12 (36.4)
Current 4(12.1)
Diabetes 4(12.1)
Neoadjuvant therapy within 3 months 19 (57.6)
Type of liver disease
Synchronous CRLM 12 (36.4)
Metachronous CRLM 13 (39.4)
HCC 3(9.1)
Cholangiocarcinoma 1(3.0)
Other 4(12.1)
Tumor size 3.0 (1.9-4.2)
Number of liver tumors 2(1-3)
Open liver surgery 31(93.9)
Major resection 8(24.2)

Operation time (min)

219 (175-287)

Operative bleeding (ml)

300 (150-1000)

Total intravenous opiate analgesic (mg)

51.8 (27.5-62.5)

Average pain during admission (NRS)

4.40 (3.30, 4.86)

Median nausea score per day during admission 0 (0-1)
Perioperative intravenous analgesic (days) 2 (2-2)
Number of days with IDUC 2(1-3)
Number of days with CVC 1(0-3)

Preoperative steps/day

4303 (2381-6912)

Perioperative steps/day

293 (170-665)

Postoperarive steps/day

1250 (613-3300)

Ratio steps 1 (perioperative/preoperative) (%)

8.86 (4.39-15.15)

Ratio steps 2 (postoperative/preoperative) (%)

37.88 (22.14-62.13)

Discharge other than home 3(9.1)
Length of stay (days) 6 (4-7)
Complications (Clavian Dindo > 3) 5(16.1)

Table 1. Percentages are in parentheses unless otherwise indicated: Continuous data shown with median and interquartile range in parentheses.

BMI. Body mass index. ASA. American Society of Anesthesiologists. CRLM. Colorectal liver metastases. NRS. Numeric rating scale. IDUC.

Indwelling Urinary Catheter. CVC. Central Venous Catheter.

The median length-of-stay was 6 (4-7) days. Median steps per day were 4303 (2381 - 6911)

preoperatively, 293 (170 - 665) during admission, and 1250 (612 - 3300) after discharge, as

shown in Fig. 1.

Steps per day for different periods
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Figure 1. Steps per day preoperatively, perioperatively during hospital admission, and postoperatively, after discharge from hospital.
The ratio of perioperative and preoperative steps and the ratio of postoperative and preoperative
steps are shown in Fig. 2.

Steps ratio for different periods.
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Figure 2. The ratio of perioperative divided by preoperative steps, and postoperative divided by preoperative steps

Nineteen patients (58 %) were physically inactive (as defined by an activity level of less than
5000 steps/day) preoperatively. This group had significantly higher ASA scores, more often
metachronous colorectal liver metastases (CRLM), larger liver tumors, more operative
bleeding, longer operation time, longer Central Venous Catheter (CVC) usage, and had less

postoperative oral fluid intake. The patients’ characteristics are shown in Table 2.

Table 2. Comparison between preoperatively physically inactive and active patients
Inactive Active p
n 19 14
Age 73 (63-77) 63 (56-72) 0.155
Gender (male) 11 (57.9) 7 (50.0) 0.733
BMI 25.9 (24.1-28.2) 24.2 (23.4-26.0) 0.105




111
112
113

114

115

116

117

118

119

120

121

122

ASA > 2 11 (57.9) 2(14.3) 0.015*
Previous cancer diagnoses 13 (68.4) 6 (42.9) 0.173
Chronic pain 2(10.5) 0(0.0) 0.496
Smoke (%) 0.257

Never 12 (63.2) 5(35.7)

Previously 6 (31.6) 6 (42.9)

Current 1(5.3) 3(21.4)
Diabetes 2(10.5) 2 (14.3) 1.000
Neoadjuvant therapy within 3 m 13 (68.4) 6 (42.9) 0.173
Type of liver disease 0.008*

Synchronous CRLM 7 (36.8) 5(35.7)

Metachronous CRLM 11 (567.9) 2 (14.3)

HCC 1(5.3) 2(14.3)

Cholangiocarcinoma 0(0.0) 1(7.1)

Other 0 (0.0) 4 (28.6)
Tumor size (cm) 3.5(2.8-4.9) 2.2 (1.2-3.0) 0.020*
Number of liver tumors 2(1-2) 2(1-3) 0.954
Open liver surgery 19 (100.0) 12 (85.7) 0.172
Major liver resection 6 (31.6) 2 (14.3) 0.416
Operation time (min) 279 (202-344) 199 (130-250) 0.035*
Operative bleeding (ml) 700 (275-1050) 250 (56-288) 0.036*
Total intravenous opiate analgesic (mg) 51.0 (32.9-60.0) 53.2 (25.9-63.3) 0.950
Average pain during admission (NRS) 4.4 (3.2-5.4) 4.4 (3.5-4.7) 0.954
Median nausea score per day during admission 0 (0-0) 0.5 (0-1) 0.303
Perioperative intravenous analgesic (days) 2(2-2) 2(2-2) 0.161
Number of days with IDUC 2(2-3) 2 (2-3) 0.097
Number of days with CVC 2 (1-5) 0.50 (0-2.50) 0.037
Preoperative steps/day 2706 (1162-3894) 7116 (6143-8023) <0.001*
Perioperative steps/day 184 (158-482) 457 (255-692) 0.223
Postoperative steps/day 940 (532-2292) 2118 (873-4136) 0.160
Ratio steps 1 (perioperative/preoperative) (%) 12.0 (4.5-27.5) 6.3 (4.4-10.3) 0.126
Ratio steps 2 (postoperative/preoperative) (%) 49.8 (26.4-69.6) 36.2 (13.7-60.0) 0.380
Discharge other than to home 3(15.8) 0(0.0) 0.244
Hospital length of stay (days) 6 (5-7) 5 (4-7) 0.544
Major morbidity (Clavian Dindo > 3) 3(17.6) 2(14.3) 1.000

Table 2. Percentages are in parentheses unless otherwise indicated: Continuous data shown with median and interquartile range in parentheses.
BMI. Body mass index. ASA. American Society of Anesthesiologists. CRLM. Colorectal liver metastases. NRS. Numeric rating scale. IDUC.

Indwelling Urinary Catheter. CVC. Central Venous Catheter.
The patients that were perioperatively more active (more than 300 steps/day, n=13) had
significantly lower Body Mass Index (BMI) (23.9 (23.3 - 25.1) - 25.9 (24.2-27.1), p=0.042),

had shorter length of CVC usage (1 (0 — 3) vs. 3 (1-6) days, p =0.043).

Five patients (16%) had major complications, three or more on the Clavian-Dindo scale. The
complication group included only males, had significantly higher BMI, more operative
bleeding, and longer operation time, as shown in Table 3. When calculating the odds ratio for
complication in the preoperative active group we found no significant difference when
unadjusted (OR 0.778 (95% CI 0.907-5.465) or adjusted (OR 2.049 (95% CI 0.127-62.930) for

major resection, gender, age, bleeding, and ASA score.
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Table 3. Comparison between patients without and with serious complications (Clavien

Dindo > 3)
Without serious Serious complications p
complications (CD>3)

n 26 5
Age 71 (61-74) 62(55-72) 0.518
Gender (male) 12 (46.2) 5(100.0) 0.048*
BMI 24.2 (23.7-26.7) 28.37 (25.5-32.0) 0.034
ASA >2 10 (38.5) 3(60.0) 0.625
Previous cancer diagnoses 16 (61.5) 1(20.0) 0.148
Chronic pain 2(7.7) 0(0.0) 1.000
Smoke (%) 1.000

Never 13 (50.0) 3(60.0)

Previously 10 (38.5) 2 (40.0)

Current 3(11.5) 0(0.0)
Diabetes (%) 2(7.7) 2 (40.0) 0.112
Neoadjuvant therapy < 3 m 15 (57.7) 3(60.0) 1.000
Type of liver disease 0.059

Synchronous CRLM 9 (34.6) 3(60.0)

Metachronous CRLM 11 (42.3) 0(0.0)

HCC 1(3.8) 2 (40.0)

Cholangiocarcinoma 1(3.8) 0(0.0)

Other 4 (15.4) 0(0.0)
Tumor size (cm) 3.0 (1.4-3.6) 3.3(3.0-4.7) 0.388
Number of liver tumors 2(1-3) 1(1-2) 0.572
Open liver surgery (%) 24 (92.3) 5(100.0) 1.000
Major resection (%) 6 (23.1) 1(20.0) 1.000
Operation time (min) 212 (162-277) 347 (287-462) 0.021*
Operative bleeding (ml) 250 (150-700) 1200 (1200-1400) 0.007*
Total intravenous opiate analgesic (mg) 51.6 (26.8-60) 62.7 (51.2-82.0) 0.166
Average pain during admission (NRS) 4.4 (3.4-4.8) 3.5 (3.0-5.3) 0.831
Median nausea score per day during admission 0(0-1) 0 (0-0) 0.573
Perioperative intravenous analgesic (days) 2 (2-2) 2 (2-4) 0.011*
Number of days with IDUC 2(2-3) 5(3-7) 0.018*
Number of days with CVC 1(0-3) 5(2-7) 0.147
Preoperative steps/day 4380 (2860-7116) 4733 (610-5930) 0.303
Perioperative steps/day 251 (161- 632) 726 (510-746) 0.190
Postoperative steps/day 1250 (629-3300) 623 (402-1349) 0.247
Ratio steps 1 (perioperative/preoperative) (%) 7.11 (4.28-13.30) 15.34 (14.04-56.00) 0.059
Ratio steps 2 (postoperative/preoperative) (%) 46.30 (22.14-62.13) 29.61 (20.06-32.07) 0.214
Discharge other than home 2(7.7) 1(20.0) 0.422
Length of stay (days) 5 (4-6) 5 (4-7) 0.947

Table 3. Percentages are in parentheses unless otherwise indicated: Continuous data shown with median and interquartile range in parentheses.
*. P-value below 0.05. BMI. Body mass index. ASA. American Society of Anesthesiologists. CRLM. Colorectal liver metastases. NRS. Numeric

rating scale. IDUC. Indwelling Urinary Catheter. CVC. Central Venous Catheter.

Discussion

The present study aimed to measure the perioperative level of mobility with a pedometer for
patients undergoing liver surgery with a special investigation on the relationship between
postoperative mobilization and outcome.

Previous studies that have investigated the impact of a better preoperative physical mobility

subjectively with questionnairs have showed a decreased length of hospital stay and decreased
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postoperative complications[2, 11]. With the increased use of wearable biometric devices such
as pedometers, more research has been done to objectively observe mobility after surgical
procedures[5, 12].

Interestingly we found that physical mobility during admission decreased to merely 9% of the
preoperative mobility and increased to 38% after discharge which is well in line with the
previous article by Sun et al[5], which however included only 6 patients subjected to liver
resection. Patients in the present study were much older (median 70 year) as compared to the
median age of 55 years of patients included in the study by Sun et al.> The level of reduction
in physical activity then seems to be a general phenomenon after surgery without real
association to age. It is still to be decided if active mobility intervention pre-, peri- and
postoperatively could promote patient outcomes.

Patients who were less active preoperatively had higher ASA scores, more operative bleeding,
and longer operation times representing more frailty, co-morbidity, and more complex tumor
disease. Interestingly, patients with larger tumors and metachronous CRLM tumors had less
preoperative mobility probably because of the effect of tumor burden and previous cancer
therapies.

During hospital admission mobility decreased to only about nine percent and patients with
fewer days with a central venous catheter and lower BMI were more active. It is easy to imagine
how lower BMI and fewer central venous catheter days could help with early mobility and
central venous catheter usage termination should perhaps be encouraged when possible.

The group that had major complications included only males. The group also had higher BMI,
longer operation time, and intraoperative bleeding as compared to the group without major
complications. It is unknown why only males got major complications but a male gender has

previously been linked to more surgical complications[13, 14].
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The strength of this study is the use of objective measurement to measure physical mobility
before, during, and after surgery. The use of pedometers as a biomarker is a simple and easy
objective and could be used to measure objective well-being. The prospective design of this
study and the well-defined patient group represents additional strengths of the study. The use
of pedometers to measure the activity level also gives some limitations, with the main being
the patients reactivity and inaccurate low-speed measurements. Patients could also be subjected
to the Hawthorne effect where they could increase their activity level because of a positive
feedback loop and the awareness of activity measurements. Other limitations are a modest

number of included patients.

Conclusions

In conclusion, the activity level markedly decreases postoperatively for patients undergoing
liver resections, both during the perioperative period at hospital admission and postoperatively
after discharge. Future studies could further evaluate the intervention effect of perioperative

care on postoperative outcome measures.

List of abbreviations

ASA. American Society of Anesthesiologists.
BMI. Body mass index.

CRLM. Colorectal liver metastases.

CVC. Central Venous Catheter.

IDUC. Indwelling Urinary Catheter.

IQRs. Interquartile ranges

OR. Odds ratio.

11



180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

NRS. Numeric rating scale.

Declarations

Ethics approval and consent to participate. Informed consent was obtained from all the

participants. The study was approved by the regional ethics committee, Lund, Sweden.
Consent for publication. Not applicable.

Availability of data and materials. The datasets generated during and analysed during the
current study are not publicly available due to information that could compromise the privacy

of research participants but are available from the corresponding author on reasonable request.
Competing interests. The authors declare that there is no competing interest.

Funding. This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Authors' contributions. CS conceived of the presented idea. PSH, JR and JM carried out the
experiment. VTV and CS developed the theory. VTV wrote the manuscript and performed

the computations with support from CS.

Acknowledgements. The authors would like to thank our co-workers from the Skane

University Hospital, Lund, Sweden.

References

1. Warburton DER, Nicol CW, Bredin SSD (2006) Health benefits of physical activity:
the evidence. CMAJ 174:801-9. https://doi.org/10.1503/cmaj.051351

2. van Zutphen M, Winkels RM, van Duijnhoven FJB, et al (2017) An increase in
physical activity after colorectal cancer surgery is associated with improved recovery
of physical functioning: a prospective cohort study. BMC Cancer 17:74.

https://doi.org/10.1186/s12885-017-3066-2

12



203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

10.

11.

Reisinger KW, van Vugt JLA, Tegels JJW, et al (2015) Functional Compromise
Reflected by Sarcopenia, Frailty, and Nutritional Depletion Predicts Adverse
Postoperative Outcome After Colorectal Cancer Surgery. Ann Surg 261:345-352.
https://doi.org/10.1097/SLA.0000000000000628

Ljungqvist O, Scott M, Fearon KC (2017) Enhanced recovery after surgery a review.
JAMA Surg 152:292-298. https://doi.org/10.1001/jamasurg.2016.4952

Sun V, Dumitra S, Ruel N, et al (2017) Wireless monitoring program of patient-
centered outcomes and recovery before and after major abdominal cancer surgery.
JAMA Surg 152:852—859. https://doi.org/10.1001/jamasurg.2017.1519

Meij E van der, Ploeg HP van der, Heuvel B van den, et al (2017) Assessing pre- and
postoperative activity levels with an accelerometer: a proof of concept study. BMC
Surg 17:56. https://doi.org/10.1186/S12893-017-0223-0

Coffman MJ, Reeve CL, Butler S, et al (2016) Accuracy of the Yamax CW-701
Pedometer for measuring steps in controlled and free-living conditions. Digit Heal
2:2055207616652526. https://doi.org/10.1177/2055207616652526

Blind PJ, Andersson B, Tingstedt B, et al (2014) Fast-track program for liver resection
- Factors prolonging length of stay. Hepatogastroenterology 61:2340-2344.
https://doi.org/10.5754/hge13687

Dindo D, Demartines N, Clavien P-A (2004) Classification of surgical complications:
a new proposal with evaluation in a cohort of 6336 patients and results of a survey.
Ann Surg 240:205-13. https://doi.org/10.1097/01.SLA.0000133083.54934.AE
Haefeli M, Elfering A (2006) Pain assessment. Eur Spine J 15:S17

McCullough PA, Gallagher MJ, DeJong AT, et al (2006) Cardiorespiratory fitness and
short-term complications after bariatric surgery. Chest 130:517-525.

https://doi.org/10.1378/chest.130.2.517

13



228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

12. Nakajima H, Yokoyama Y, Inoue T, et al (2020) How Many Steps Per Day are
Necessary to Prevent Postoperative Complications Following Hepato-Pancreato-
Biliary Surgeries for Malignancy? Ann Surg Oncol. https://doi.org/10.1245/s10434-
020-08218-x

13. Ambe PC, Kohler L (2015) Is the male gender an independent risk factor for
complication in patients undergoing laparoscopic cholecystectomy for acute
cholecystitis? Int Surg 100:854—-859. https://doi.org/10.9738/INTSURG-D-14-00151

14.  Stroh C, Weiner R, Wolff S, et al (2014) Influences of Gender on Complication Rate
and Outcome after Roux-en-Y Gastric Bypass: Data Analysis of More Than 10,000
Operations from the German Bariatric Surgery Registry. Obes Surg 24:1625-1633.

https://doi.org/10.1007/s11695-014-1252-8
Figure titles and legends.

Figure 1 - title.

Figure 1 — legend. Steps per day preoperatively, perioperatively during hospital admission,
and postoperatively, after discharge from hospital.

Figure 2 - title.

Figure 2 — legend.
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Figure 1

Steps per day preoperatively, perioperatively during hospital admission, and postoperatively, after
discharge 99 from hospital.
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Figure 2

The ratio of perioperative divided by preoperative steps, and postoperative divided by preoperative steps



