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Abstract

【Background】The number of patients with lung cancer undergoing hemodialysis is increasing 
owing to an aging population. Outcomes following pulmonary resection in patients on 
hemodialysis are known to show a high rate of complications and poor prognosis. In patients 
with serious complications or poor general health, sublobar resection may be performed 
empirically. This study examined the perioperative complications and outcomes of patients with 
lung cancer undergoing hemodialysis.
【Methods】We retrospectively reviewed 1643 patients who underwent pulmonary resection 

for primary lung cancer at our institution between 2008 and 2018. Among these, 15 patients 
were undergoing maintenance hemodialysis at the time of surgery. The clinicopathological 
characteristics and clinical information of these patients were evaluated. 
【Results】The hemodialysis group had a higher percentage of diabetes than the no 
hemodialysis group. Three patients （20%） underwent wedge resection, three （20%） underwent 
segmentectomy, and nine （60%） underwent lobectomy. Patients underwent hemodialysis the 
day after surgery, with the aim to remove fluid aggressively. Ten patients （67%） were able to 
dehydrate to preoperative body weight levels or less. Thirteen （87%） patients had pathological 
stage I and six （40%） experienced postoperative complications; however, their 90-day mortality 
rate was 0%. The percentage of sublobar resection tended to be higher than previously 
reported. The 5-year overall survival and recurrence-free survival rates were 80.0% and 66.7%, 
respectively in the 15 patients.
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Ⅰ．Introduction

The number of Japanese patients undergoing 
hemodialysis （HD） has increased annually, with 
improved outcomes due to advances in HD management
［1］. As the number of patients undergoing HD who 

develop malignant tumors is increasing, cancer-related 
deaths among this population are also expected to 
concomitantly increase. Although radical pulmonary 
resection is the primary treatment for patients with 
early-stage lung cancer, the efficacy of sublobar 
resection for this condition has been recently reported
［2,3］. However, only a few studies have assessed the 
outcomes of sublobar resection in patients undergoing 
maintenance HD.

In 2021, Saito et al.［4］reported postoperative 
outcomes for 95 lung cancer patients on maintenance 
dialysis; the 90-day mortality rate was 3.2%, and the 
5-year survival rate was 52.9%. Of the 37 patients who 
died during the study period, 23 （62.2%） died of a non-
lung cancer cause, which was significantly different 
from 36.5% in the control group. Among 95 cases, 22 
（23.2%） underwent wedge resection and 9 （9.5%）, 
segmentectomy; the ratio of wedge resection was 
significantly higher than that of the control group［4］.

Additionally, patients undergoing HD constitute 
a high-risk group requiring careful perioperative 
management to avoid electrolyte imbalance and 
hemodynamic instability.

We previously reported on the management of 
patients with lung cancer undergoing dialysis at our 
hospital in 2007［5］. In the current study, we aimed to 
provide an update, with a focus on the current status of 
dialysis management and surgical outcomes, particularly 
surgical approaches.

Ⅱ．Materials and methods

To provide an update on the management of patients 
with lung cancer undergoing dialysis, we conducted 
a retrospective review of the medical records of 1643 
patients who underwent pulmonary resection for lung 
cancer at Chiba University Hospital between January 
2008 and December 2018. Among these, 15 patients 
were undergoing maintenance HD at the time of 
surgery, as indicated by medical records. Data regarding 
clinicopathological features, HD duration, surgical 
details, postoperative complications, and pathological 
staging according to the TNM classification for lung 
cancer （7th edition） were collected.

Perioperative management
When patients undergoing HD were referred to 

our hospital, we contacted the physician in charge 
of HD to collect information regarding the patient, 
their conditions, and HD schedule. Subsequently, 
we communicated with the Department of Artificial 
Kidneys and the intensive care unit （ICU） at our 
hospital to schedule surgery and coordinate dialysis 
timing. Perioperative antibiotic dosage and timing were 
discussed with the pharmacy department and adjusted 
according to SANFORD guidelines. Nafamostat 
mesylate was used for HD for 1 week from the day 
before surgery to reduce the risk of posterior bleeding. 

The indications for surgery and surgical procedures 
were discussed at a departmental presurgical conference. 
As we previously reported, the presence or absence of 
postoperative lymph node metastasis was evaluated to 
select appropriate candidates for sublobar resection［6］.

When performing a segmentectomy, we actively used 
endobronchial or intravenous indocyanine green injections 
to safely secure the margin［7］. The surgical risk was 
always evaluated; for example, cardiac function was 

【Conclusion】Surgical complications may be tolerated in patients on hemodialysis who 
undergo lung resection if surgical procedures are appropriately selected and strict perioperative 
management is performed. 
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assessed by the cardiology team, brain blood vessels were 
mapped by magnetic resonance imaging, and the presence 
or absence of interstitial pneumonia was determined.

HD strategy
Patients underwent HD and were dehydrated to their 

dry weight （DW）, as defined by the dialysis hospital, 
the day before surgery. Postoperatively, patients were 
returned to the ICU, and blood gases were evaluated 
every 6 hours for electrolyte assessment. HD was then 
administered the day after surgery and three times each 
week thereafter. We aimed to remove fluid starting from 
the day after surgery and, if possible, set the DW to a 
new lower value. The patient’s condition was monitored 
for approximately one week postoperatively, and the 
dialysis schedule was adjusted with the home doctor 
before discharge.

Surgical procedures
The type of surgical procedure and approach were 

selected for each patient based on our strategy, which 
focused on two aspects: （1） the characteristics of 
the tumor, such as the type of cancer, location, TNM 
staging, and presence or absence of ground-glass 
opacity; and （2） the patient’s condition, including 
their respiratory function, performance status, medical 
history, and social situation. Sublobar resection was 
selected for patients with a low risk of lymph node 
metastasis, advanced age, poor respiratory function, or 
serious comorbidities.

Postoperative complications
Postoperative complications were determined 

from postsurgical medical records and were stratified 
according to the Clavien-Dindo （CD） classification, 
which categorizes surgical complications from grade I to 
V［8］.

Statistical Analysis
Patient characteristics were compared using the chi-

square test or t-test, as appropriate. Survival curves were 
obtained using the Kaplan–Meier method and compared 
using the log-rank test. P-values < 0.05 were considered 
statistically significant. Statistical analyses were 
performed using EZR （Saitama Medical Center, Jichi 
Medical University, Saitama, Japan）, a graphical user 
interface for R （R Foundation for Statistical Computing, 
Vienna, Austria）.

Ⅲ．Results

Table 1 shows the clinicopathological findings of 
all patients according to whether they were undergoing 
maintenance HD. The 15 patients who were undergoing 
HD （seven women and eight men） had a mean age of 
68.8 （range, 46–79） years. In addition, 10 patients had 
a history of smoking, 8 had hypertension, and 6 had 
diabetes mellitus. The HD group had a higher proportion 
of diabetes mellitus patients than the no HD group. 
Additionally, there were 13 cases of clinical stage 0-I, 
1 case of stage II, and 1 case of stage III. The median 

Table 1　Clinicopathological findings according to maintenance HD

HD （n=15） no HD （n=1628） P-value
Age （years） 68.8±8.2 68.2±9.2 0.806
Sex （male/female） 8/7 1060/568 0.341
Smoking （yes/no） 10/5 675/327 0.980
Hypertension （yes/no） 8/7 598/1020 0.402
Diabetes （yes/no） 6/9 247/1367 0.041

Clinical stage
I 13 1261

0.476
II～ 2 332

Procedure
Sublobar resection 6 458

0.310
Lobectomy 9 1169

Operative time （min） 161±50 193±72 0.084
Blood loss （g） 139±157 169±385 0.761

HD: hemodialysis
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Four patients experienced recurrence during follow-
up and three patients, including two with recurrence, 
died. Patient No. 1 experienced local recurrence 
after wedge resection and underwent resection of the 
residual tumor by lobectomy; although there was no 
obvious recurrence, she died 3 years later from an 
unknown cause. Patient No. 5 was a prostate cancer 
gene carrier and had surgically treated laryngeal cancer 
that left behind a permanent tracheal hole, as well as 
post-stenting for myocardial infarction; he underwent 
segmentectomy because of these comorbidities and was 
discharged safely, but experienced recurrence and died 
due to difficulties in additional treatment. Patient No. 
7 underwent radiotherapy after lymph node recurrence 
and died without recurrence, and patient No. 11 was 
confirmed to have survived for 5 years, although he had 
liver metastasis recurrence.

Among all 15 patients, the 90-day mortality rate 
was 0%, and the 5-year overall survival （OS） and 
recurrent-free survival （RFS） rates were 80.0% and 
66.7%, respectively （Fig. 1 a, b）. The 5-year OS/RFS 
rates among patients who underwent lobectomy were 
80.0%/77.8%, and those among patients who underwent 

time to surgery was 159 （80–250） min, and the mean 
operative blood loss was 130 （0–545） g. There were 
no significant differences in background characteristics 
for most items between patients undergoing and not 
undergoing maintenance HD.

The clinicopathological findings and outcomes of 
the 15 patients undergoing HD are summarized in Table 
2. The mean duration of HD before surgery was 6 （0–
19） years. Three patients underwent wedge resection 
and three underwent segmentectomy. Six patients （40%） 
experienced postoperative complications requiring 
therapeutic intervention, defined as CD classification 
grade ≥ 2 （four cases were G2 and two were G3）. The 
pathological stage of lung cancer was I in 13 patients 
and II and III in one patient each. The “difference from 
DW” shown in Table 2 indicates the difference between 
the body weight after dialysis on the day after surgery 
and the patient’s DW. Postoperatively, the body weight 
of six patients （40%） was lower than their DW. One 
patient developed postoperative hypotension, but no 
other complications could be attributed to aggressive 
fluid removal. The median follow-up time was 37 
（10–91） months.

Table 2　Clinical outcomes of the 15 patients undergoing HD

No. Age
（years） Sex %FEV1.0

（%） C-stage
HD 

duration
（years）

Procedure Bleeding
（g）

Operative time
（min） Complications/G

Difference
from DW 
（kg）*

P-stage Type Follow-up OS
（months）

1 78 F 60 IA 9 WR 240 185 PAL/G3 0.9 IA Ad Dead 81.2
2 67 F 75 IA 6 WR 5 80 Hypercalcemia/G2 0.1 IA Ad Alive 91.1
3 65 F 85.2 IIA 10 WR 5 92 0 IA Ad Alive 37.8
4 60 F 95.2 IA 5 Seg 100 151 Atelectasis/G2 0.1 IA Ad Alive 31.2
5 70 M - IA 1 Seg 180 192 Pneumonia/G2 -0.9 IA Ad Dead 10.3
6 69 M 74 IA 3 Seg 20 159 -0.8 IA Ad Alive 35.3
7 71 M 96.7 IA 6 Lob 5 130 0 IIIA Ad Alive 19.5
8 74 M 77.2 IA 0 Lob 140 222 -0.4 IA Ad-Sq Alive 60.2
9 65 F 101 IA 19 Lob 5 131 0 IA Ad Alive 60.5
10 71 M 69.5 IA 14 Lob 145 167 -0.2 IA Ad Dead 51.4
11 77 M 53.9 IA 3 Lob 130 132 0 IB Ad Alive 60.8
12 79 M 91.8 IB 8 Loba 133 160 Pneumonia/G2 0.2 IB Ad Alive 11.9
13 46 F 80.9 IA 0 Lob 30 250 0.6 IA SCLC Alive 64.4
14 68 F 89 IA 18 Lob 400 126 -0.5 0 AIS Alive 17.7
15 72 M 92.2 IIIA 4 Loba 545 240 PAL/G3 -0.1 IIA Ad Alive 18.3
a Patients 12 and 15 underwent bilobectomy.
HD, hemodialysis; G, grade （clavian Dindo classfication） DW, dry weight; OS, overall survival; WR, wedge resection; Seg, segmentectomy; Lob, lobectomy; 
PAL, prolonged air leakage; Ad, adenocarcinoma; Sq, squamous cell carcinoma; SCLC, small cell lung carcinoma; AIS, adenocarcinoma in situ; FEV, forced 
expiratory volume.
*Difference between the body weight after dialysis on the day after surgery and the DW before surgery.
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in reports on lung cancer associated with dialysis, the 
proportion of patients undergoing sublobar resection is 
higher than ever［9,10］. The 5-year survival rate among 
patients on dialysis was 60.8% in 2010［1］. In the 
present study, the five-year OS rate was 80.0%, which 
was superior to that reported in previous studies, as well 
as the natural OS of patients undergoing dialysis （Table 
3）［5,9-19］.

There are several potential explanations for the 
better prognosis in the present study. First, most of 
our patients with lung cancer were diagnosed with 

sublobar resection, 83.3%/41.7% （OS, p=0.64; RFS. 
P=0.70） （Fig. 2 a, b）. There was no difference in 
outcomes between lobectomy and sublobar resection.

Ⅳ．Discussion

This study’s results suggest that sublobar resection 
may be a suitable option for patients with lung cancer 
undergoing dialysis. In recent years, there have been 
numerous reports suggesting the efficacy of sublobar 
resection in patients with lung cancer［2］. Additionally, 

Fig. 1　The OS and RFS curves for 15 patients. （a） The OS curve for all patients undergoing dialysis who underwent lung 
cancer surgery. （b） The RFS curve for all patients undergoing dialysis who underwent lung cancer surgery OS: overall survival, 
RFS: recurrence-free survival.

Fig. 2　The OS and RFS curves for 15 patients according to surgical procedure status. （a） OS curves according to type of 
lung cancer surgery. （b） RFS curves according to type of lung cancer surgery. OS: overall survival; RFS: recurrence-free survival; 
Lob: lobectomy; Sub: sublobar resection.
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perioperative period to avoid postoperative hypotension. 
However, an increased fluid volume can exacerbate lung 
edema and heart failure. Thus, at our hospital, patients 
are managed to have a body weight lower than their 
DW whenever possible. This policy has been enforced 
strictly since 2011. Patient No. 1 and 2 had slightly 
larger values for the difference from DW because their 
surgeries were performed before 2011 （in 2008 and 
2010, respectively）. There were no cases of heart failure 
or pulmonary edema, and no major adverse events 
related to dehydration were observed. Our management 
of dehydration whenever possible may have led to a 
reduction in 90-day mortality.

To our knowledge, the present study is the first 
to report the efficacy of sublobar resection in patients 
with lung cancer undergoing maintenance HD. The 
possibility of reducing the risk of death from other 
diseases after sublobar resection compared to that with 
lobectomy has been reported［2,3］. Sublobar resection 
is not inferior to lobectomy for early-stage lung cancer 
in terms of disease-free survival［20］. However, the 
effectiveness of sublobar resection should be studied 
further to reduce the risk of death from other diseases in 
patients undergoing dialysis. In this study, comparisons 
between lobectomy and sublobar resection do not 
clarify the efficacy of sublobar resection because the 

pathological stage I disease （86.7%）. However, since a 
similarly high percentage of pathological stage I cases 
has been previously reported （Table 3）, other potential 
explanations may be considered more viable. Second, 
the rate of sublobar resection was high in our study, at 
40%. All six patients who underwent sublobar resection 
had pathological stage IA lung cancer, including three 
with wedge resection and three with segmentectomy. 
Postoperative lung cancer patients on maintenance 
dialysis have been reported to have significantly higher 
rates of non-lung cancer death［4］. In patients on 
maintenance dialysis, less invasive procedures such as 
sublobar resection may be effective in reducing non-
lung cancer deaths and contributing to an improved 
prognosis. Third, there were no fatal complications 
or deaths within 90 days, although the number of 
cases with complications was high, at six （40%）. In 
the present study, the high rate of sublobar resection, 
coordination with a dialysis management specialist, and 
observation of patients in the ICU for more than two 
days may have prevented life-threatening postoperative 
complications, which include acute exacerbation of 
interstitial pneumonia, brain bleeding, infection, and 
heart failure［18］.

In general, patients are empirically managed to 
have a body weight higher than their DW during the 

Table 3　Surgical outcomes in studies on patients undergoing hemodialysis who underwent lung cancer surgery

First Author
Year of 

publication
N Lob/Sub P-stage （I/II～） Morbidity 90-day mortality 5-year OS

Tsuchida 2001 7 7/0 2/5 7 100% 2 （28%） -
Ciriaco 2005 6 5/1 4/2 4 67% 0 -

Mizobuchi 2007 9 5/4 4/4 3 33% 0 -
Obuchi 2009 11 10/1 9/2 3 27% 0 28%

Takahama 2010 24 22/2 14/10 13 59% 0 43%
Matsuoka 2013 5 4/1 2/3 2 40% 0 -

Park 2015 7 5/2 4/3 3 43% 1 （14%） 43%
Shomura 2017 7 5/2 6/1 3 43% 0 -
Otsuki 2018 8 6/2 6/2 4 50% 0 58%

Tomizawa 2019 21 18/3 18/3 13 62% 3 （14%） 26%
Yamamoto 2020 39 29/10 32/7 12 31% 1 （2.6%） 58%
Watanabe 2021 43 （38）a 24/19 - 14 33% 1 （2％） -

Saito 2021 95 64/31 45/27 b 10 11% 3 （3.2%） 53％
Present report 2023 15 9/6 13/2 6 40% 0 80%
a Among those who underwent lung resection, 38 （88%） had lung cancer.
b The 22 cases of wedge resection were excluded because accurate pstage assessment was not available.
N: number of patients, Lob: lobectomy, Sub: sublobar resection.
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