Sustainedly Lower Narcotics Consumption after Video-Assisted Thoracoscopic Surgery for Early Stage Non-Small Cell Lung Cancer when Compared to Open Surgery: a One-Year Follow-Up Study

Running Head: Lower Narcotics consumption after VATS

Hsin-Yuan Fang1,4,* , Chih-Yi Chen 1,3,* ,Yao-Ching Wang 2,*, Pin-Hui Wang3,*, Shwn-Huey Shieh5, Chun-Ru Chien 2,4
1Department of Thoracic Surgery, 2 Radiation Oncology, 3Cancer Center, China Medical University Hospital, Taichung, Taiwan; 4School of Medicine, College of Medicine and Department of Health Services Administration, College of Public Health5, China Medical University, Taichung, Taiwan

*: These authors contributed equally to this work.
Word count: abstract (263) and text (1604)
Correspondence: Chun-Ru Chien M.D. Ph.D., School of Medicine, College of Medicine, China Medical University, No.91 Hsueh-Shih Road, North District, Taichung 40402, Taiwan. E-mails: d16181@mail.cmu.edu.tw; TEL: 886-4-22052121-7450; Fax: 886-4-22052121-7460
Footnote: This work was supported by grants from the Department of Health, Taiwan (DOH101-TD-C-111-005) to Chih-Yi Chen and the National Science Council, Taiwan (NSC 98-2314-B-039-014-MY3) to Chien C.R. The author(s) declare that they have no competing interests.
Abstract: 
Objectives: Video-assisted thoracoscopic surgery (VATS) is possibly associated with less acute pain and narcotics consumption when compared to open surgery, but little is known about the long term effect. The goal of our study is to evaluate whether the narcotics consumption is sustainedly lower after VATS for early stage non-small cell lung cancer (NSCLC) when compared to open surgery during one year follow-up.
Methods: This nationwide retrospective cohort study was conducted by using cancer registry and national compulsive comprehensive claims data in Taiwan. Our study cases were those newly diagnosed clinical stage I NSCLC received primary lung resection in year 2007.The date of the index admission during which the index surgery was performed was used as the index date. We compared the use of narcotics within one year after the index date between the VATS and open surgery groups. We defined narcotics as either level one or two regulated drugs in Taiwan. We also used the equian-analgesic dose to convert the narcotics consumption as narcotics equivalent dose. Chi-square and t tests were used for statistical analysis. 
Results: We identified 329 cases (114 for VATS and 215 for open surgery). These two groups were balanced for most clinical variables. VATS was associated with lower narcotics consumption during the index admission (mean equivalent dose in intra-venous morphine (mg): 54.6 vs. 71.4) and the time during 2nd to 12th month after index date (73.8 vs. 149.5)
Conclusions: Narcotics consumption is sustainedly lower after VATS for early stage NSCLC when compared to open surgery. Prospective studies would be of great value in further evaluation of this finding.
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Introduction 

Video-Assisted Thoracoscopic Surgery (VATS) is a minimally invasive alternative to open thoracotomy in early stage non-small cell lung cancer (NSCLC) [1, 2]. Due to its minimal invasive nature, VATS is associated with less acute morbidity such as pain, and also similar or even better long term oncological outcome for early stage NSCLC [3, 4]. Whether VATS is associated with less post-operative pain is controversial [1, 3]. However, most of relevant studies reported short term pain results [5-9], and little is known about the long term impact of VATS on pain or narcotics consumption. To our knowledge, only two studies had reported pain evaluation when comparing VATS to open surgery for at least one year after surgery [10, 11]. Both of them were based on subjective rating. In order to ascertain our hypothesis that VATS is associated with not only less acute pain but also sustained pain effect objectively, we designed this retrospective cohort study to evaluate whether the narcotics consumption is sustainedly lower after VATS for early stage NSCLC when compared to open surgery during one year follow-up.
Materials and Methods 

· Data Source

The Collaboration Center of Health Information Application (CCHIA) database, supervised by Office of Statistics, Department of Health [12], is a set of databases providing complete information regarding cancer registry and reimbursement data for the whole Taiwan population provided by the Bureau of National Health Insurance (NHI) . For six major cancer types including lung cancer, the “Long Form” cancer registry within CCHIA provides information on individual demographics, tumor histology, location, stage of disease, and primary surgical, radiation, and systematic treatment [13]. NHI is a single-payer, compulsory social insurance program that provides insurance coverage to almost all citizens in Taiwan. Extensive services were covered under the NHI, including outpatient visits, hospitalization, medication, home nursing care, certain screening and preventive services, laboratory tests and diagnostic imaging, and dental care et al, without strict referral limitation [14-15]. All the above data were included in the CCHIA with de-identified personal identifiers.
· Study cases identification and study design

Our study cases were those newly diagnosed clinical stage I non-small cell lung cancer received primary lung resection in year 2007. The detail flow chart of cases identification was explained as the followings. We identified those newly diagnosed clinical stage I non-small cell lung cancer diagnosed in year 2007. We limited our study cases to those received index surgery (the most advanced surgery, classified as pneumonectomy vs lobectomy vs sublobectomy) within 3 months after diagnosis, without neoadjuvant treatment. Then we identified the reimbursement codes corresponding to the index admission during which the index surgery was performed. The date of this index admission was used as the index date. We further limited our cases to those with concordant surgical types between “Long Form” in cancer registry and the reimbursement codes so as to ensure data quality. Finally we decided the main explanatory variable (VATS or open surgery) based on the different reimbursement codes for the index surgery. The following codes (thoracoscopic wedge or partial resection of the lung, thoracoscopic lobectomy, thoracoscopic pneumonectomy) were decided as VATS , whereas the following codes (wedge or partial resection of lung, segmental resection, sleeve resection, combined resection of lung cancer, lobectomy, bilobectomy, pneumonectomy (total), pneumonectomy with concomitant thoracoplasty or bronchoplasty) were decided as open surgery [16]. These coding was usually correct given the current fee-for-services reimbursement system in NHI [15]. Surgical details such as surgical approaches were not available in these reimbursement codes. Then we compared the use of narcotics within one year after the index date between the VATS and open surgery groups in this retrospective cohort study based on their reimbursement records. This study was exempt from Institutional Review Board review because the CCHIA contains de-identified person identifiers and is publicly available through the proper application process [17]
· Narcotics identification

        We defined narcotics as either level one or two regulated drugs by Department of Health, Taiwan [18] to represent the potential severe long term surgical sequelae. We did not include non-steroid anti-inflammatory drug because they were usually helpful for mild to moderate but not severe pain [19]. The prescribed dose of these narcotic drugs were obtained from the reimbursement records within one year after index date of our study cases. We also used the equian analgesic dose obtained from the literatures [19-21] to convert the narcotics consumption as narcotics equivalent dose (in unit of intravenous morphine in mg) assuming injected drugs were used via intra-venous route to report the summary narcotics consumption. 
· Statistical analyses

Descriptive analysis, chi-square, and unpaired t-test were used to compare the narcotics consumption between the VATS and open surgery groups. SAS 9.2 (SAS Institute, Cary, NC) was used for all statistical analyses.  

Results 
Patient characteristics of the study cases (Table 1)
  Three hundred twenty-nine newly diagnosed clinical stage I NSCLC patients receiving primary lung resection in 2007 were identified as the study cases. We excluded those received pneumonectomy for only two such cases. Their characteristics are described in Table 1. 114 (34.65%) of our study cases received VATS instead of open surgery. Most of these characteristics were balanced between VATS and open surgery except higher percentage of female and adenocarcinoma received VATS when compared to open surgery.
· Narcotics consumption: drug prescription patterns

The summary of narcotics consumption between VATS and open surgery was presented in table 2. The prescription pattern between VATS and open surgery was significantly different. VATS was associated with higher mean dose of injection morphine and injection fentanyl, where as open surgery was associated with higher mean dose of the other narcotics. 

· Narcotics consumption: temporal trend

    VATS was associated with lower narcotics consumption during the index admission (mean (standard deviation) equivalent dose in intra-venous morphine (mg): 54.6 (77) vs. 71.4 (240)). The trend extended to the time during 2nd to 12th month after index date (mean dose 73.8 (360) vs. 149.5 (848)) and leaded to lower annual narcotics consumption (mean 132 (377) vs. 226 (935) mg). The percentage of narcotics users was gradually decreasing over time (VATS vs open at 1-month, 3-month, and 6-month: 20%, 15%, 11% vs 22%, 15%, 9%). The percentages at 12-month were similarly both less than 5% but were not reported per policy of CCHIA. The per quarter temporal trend was shown in Fig 1.

Discussion 
    Our study provided objective evidence that narcotics consumption is sustainedly lower after VATS for early stage NSCLC when compared to open surgery during one year follow-up. To our knowledge, this is the first solid evidence regarding the impact on narcotics consumption after VATS for up to one year. 

    The impact on pain status after VATS is somehow less clear in the literature. Due to the minimal invasive nature, VATS is possibly associated with less post-operative pain. On the other hand, “VATS procedures still have the potential to induce unbearable pain due to direct intercostal neurovascular injury resulting from excessive torquing of the trocar and endosurgical instrument access in the intercostal spaces” [1]. And as stated in one systematic review [3], “The results of postoperative pain could not be assessed since most studies did not report this outcome”. By the way, thoracotomy is one of the most painful surgical procedures, and the post-operative pain can be long lasting. In addition to the general belief that VATS might be associated with less postoperative pain, few studies have provided evidence regarding its long term impact [10, 11]. And our study was based on narcotics consumption instead of subjective rating, so our result would be more accurate theoretically. The results of our study revealed that VATS is not only associated with less narcotics consumption in the acute stage but the effect also sustains for at least one year. In combined with other cost and effectiveness studies [3], it is likely that VATS is a safe, effective, and cost-effective strategy for eligible early stage NSCLC patients. 

    The major limitation of our study is its retrospective and non-randomized nature so we can not exclude bias exclusively. The selection of open or VATS was non-randomized and possibly related to surgeon’s preferences or other unobserved bias. However, most of clinical variables were comparable between VATS and open groups in our study. There may also be classification bias such as that we can’t differentiated intravenous morphine from intrathecal, epidural, nerve block, or intrapleural usage based on claims data, although the administration route other than intravenous is not likely to be used after discharge while we observed sustainedly lower narcotics consumption even after discharge. We were also unable to differentiate surgical details such as surgical approach and VATS conversion rate of open surgery and the incision size and port number of VATS based on the reimbursement codes. Due to these limitations, the interpretation of our finding should be cautious and further prospective randomized study or registration with more detail would be helpful to clarify this issue. 
Conclusions 
    Narcotics consumption is sustainedly lower after VATS for early stage non-small cell lung cancer when compared to open surgery during one year follow-up in this retrospective cohort study. Prospective studies would be of great value in further evaluation of this finding.
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Table 1. Demographics of study cases

	Variables
	VATS Surgery
	Open Surgery
	p value

	
	N
	%
	N
	%
	

	Age 
	 
	 
	
	
	0.24

	＜65 years
	55
	48
	88
	41
	

	≧65 years
	59
	52
	127
	59
	

	Sex
	
	
	
	
	0.048

	Male
	52
	46
	124
	58
	

	Female
	62
	54
	91
	42
	

	Resident region
	
	
	
	
	0.72

	North
	40
	35
	71
	33
	

	Non-north
	74
	65
	144
	67
	

	Pre-diagnostic Comorbidity score
	
	
	
	
	0.64

	without comorbidity
	53
	46
	93
	43
	

	with comorbidity
	61
	54
	122
	57
	

	Hospital level
	
	
	
	
	0.29

	Medical center
	90
	79
	181
	84
	

	Non-medical center
	24
	21
	34
	16
	

	Histology
	
	
	
	
	0.005

	Adenocarcinoma
	103
	90
	162
	75
	

	squamous cell carcinoma
	10
	9
	49
	23
	

	others
	X
	1
	X
	2
	

	Resection types
	
	
	
	
	1.000

	lobectomy
	102
	89
	191
	89
	

	sublobectomy
	12
	11
	24
	11
	

	Pathological stage
	
	
	
	
	0.25

	stage I
	87
	76
	176
	82
	

	beyond stage I
	27
	24
	39
	18
	

	Adjuvant RT
	X
	3
	7
	3
	0.75

	Adjuvant C/T
	39
	34
	87
	40
	0.29 


C/T: chemotherapy; NSCLC: non-small cell lung cancer; RT: radiotherapy; VATS: video-assisted thoracoscopic surgery; X: not reported by principle of Collaboration Center of Health Information Application due to less than five counts; 
Table 2. Narcotics prescription pattern during one year follow-up

	per person dose ( mean & standard deviation), mg)
	VATS
	Open surgery
	p

	morphine
	oral
	15.35 (139.9) 
	64.00 (478.6) 
	<0.001

	
	Injection
	22.54 (101.5) 
	17.02 (82.1) 
	0.008

	fentanyl
	patch*
	1.12 (7.72) 
	2.55 (17.01) 
	<0.001

	
	Injection
	0.27 (0.64) 
	0.24 (2.22) 
	<0.001

	meperidine
	Injection
	96.93 (168.2) 
	202.09 (331.1) 
	<0.001

	codeine
	oral
	453.95 (2064.2)   
	837.77 (3516.8) 
	<0.001

	
	injection
	1.18 (6.66) 
	1.81 (24.63) 
	<0.001


*: assuming one patch/3 days

Figure Legends:

Figure 1.. Temporal trends in narcotics utilization (per quarter mean & standard error; in narcotics equivalent dose (intravenous morphine in mg))
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