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Abstract

Background
Patients who undergo gastrectomy for gastric cancer are likely to have nutritional di�culty after surgery.
Therefore, readmission due to nutritional di�culty is frequently observed in such patients. This study
aimed to identify predictive indicators for readmission due to nutritional di�culty in patients who
underwent gastrectomy for gastric cancer.

Methods
We retrospectively reviewed surgical outcomes in 516 consecutive patients who underwent gastrectomy
for gastric cancer.

Results
The readmission rate within one year was 13.8%. Readmission due to nutritional di�culty was observed
in 20 patients (3.9%), and nutritional di�culty was the second leading cause of readmission. Multivariate
analysis revealed that the type of gastrectomy and the modi�ed frailty index were independent predictive
indicators of readmission due to nutritional di�culty. The readmission rates due to nutritional di�culty
were 1.2%, 4.7%, and 11.5% in patients who underwent distal partial gastrectomy and had low modi�ed
frailty index, in those who underwent distal partial gastrectomy and had high modi�ed frailty index or
those who underwent either proximal partial or total gastrectomy and had low modi�ed frailty index, and
in those who underwent either proximal partial or total gastrectomy and had high modi�ed frailty index,
respectively (P = 0.0008).

Conclusions
Because the readmission rate due to nutritional di�culty is high in patients who underwent either total or
proximal partial gastrectomy with high modi�ed frailty index, intensive follow-up and nutritional support
is needed to reduce readmission due to nutritional di�culty, which can help improve the patients’ quality
of life and reduce additional medical costs.

Background
Readmission to hospital is associated with increased medical costs. Stephen et al. demonstrated that
19.6% of the patients were rehospitalized within 30 days in the Medicare patient population[1]. This study
estimated that the excess healthcare costs to Medicare from unplanned readmissions were USD
17.4 billion. In such a background, the Affordable Care Act mandated the establishment of the Hospital
Readmissions Reduction Program, which penalized payments to hospitals with excess readmissions. In
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addition to increased medical costs, readmission worsens a patient s’ quality of life. Readmission often
forces patients to be hospitalized for long periods, which prevents them from returning to their regular
lives. Furthermore, a recent study demonstrated that readmission was signi�cantly associated with poor
prognosis in patients[2, 3]. Therefore, it is extremely important to avoid readmission of patients who have
undergone surgery. To this end, it is important to develop reliable indicators that predict readmission after
operation.

Gastric cancer (GC) is one of the most common malignancies worldwide[4]. The mainstay of curative
treatment in GC is gastrectomy with regional lymph node dissection. Because gastrectomy is frequently
associated with poor food intake due to decreased stomach volume, some patients experience
readmission due to nutritional di�culty after discharge from hospital. A meta-analysis demonstrated that
the incidence of 30-day readmission after radical gastrectomy was 8% (range, 4–12%)[5]. The main
causes for 30-day readmission were nutritional di�culty and surgical site infections. Although the causes
of readmission varied among patients who underwent gastrectomy for GC, nutritional di�culty was again
one of the main causes of readmission in these patients. Recent studies have demonstrated that planned
nutritional support could improve the nutritional status of patients who underwent gastrectomy for GC[6,
7]. Therefore, it might be possible to avoid readmission due to nutritional di�culty by intensive nutritional
support in these patients. The development of predictive indicators for readmission due to nutritional
di�culty enables the selection of patients who are at high risk of readmission due to nutritional di�culty
after operation. However, such indicators remain unclear in GC patients so far. The current study aimed to
identify predictive indicators for readmission due to nutritional di�culty in patients who underwent
gastrectomy for GC.

Methods

Patients
Five hundred and sixteen consecutive patients with a pathological diagnosis of gastric adenocarcinoma
who underwent gastrectomy at Tottori University Hospital between January 2010 and December 2017
were enrolled in this study. Patients with gastric-tube cancer and synchronous primary cancer were
excluded from this study. These patients underwent distal partial gastrectomy (DG), total gastrectomy
(TG), or proximal partial gastrectomy (PG) with dissection of the regional lymph nodes. Patient
information was obtained retrospectively through a review of the hospital's database. The institutional
review board of Tottori University Hospital approved the study (approval number: 17A152) and the
requirement for informed consent was waived for this retrospective study. Clinicopathologic �ndings were
based on the 15th edition of the Japanese Classi�cation of Gastric Carcinoma[8].

In this study, readmission was de�ned as hospitalization after primary discharge due to unexpectable
causes associated with GC or surgery and treatment for GC. Although admission after primary discharge
for planned chemotherapy was not considered to be readmission in this study, admission due to adverse
events associated with chemotherapy was considered as such. We focused on readmission within one
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year in this study because the condition of patients who undergo gastrectomy for GC is generally
unstable for one year after surgery. In this regard, Kim et al. had reported that approximately 80% of
readmissions were observed within one year after surgery in GC patients who underwent gastrectomy[9].
When patients had multiple causes for readmission, the most signi�cant one was recorded as the cause
of readmission.

Modi�ed Frailty Index (mFI)
mFI is based on the accumulation of 11 physiological de�cits, derived from the original 70-item Canadian
Study of Health and Aging Frailty Index[10]. Patients were assigned 1 point for each of the 11
physiological de�cits, and the total points assigned to each patient were divided by 11. On this scale, a
higher score implied increased frailty[11].

Prognostic nutritional index (PNI)
The serum albumin concentration and total lymphocyte count of the peripheral blood were measured in
the month before surgery. PNI was calculated using the formula: 10 × serum albumin level + 0.005 × total
peripheral lymphocyte count[12].

Statistical analysis
Continuous variables were expressed as mean ± standard deviation. Differences in the interval between
primary discharge and �rst readmission, and in the number of times of readmission between patients
who experienced readmission due to nutritional di�culty and those who experienced readmission due to
other causes were determined using the Mann-Whitney U-test. Differences between the categorized
variables were determined using the Chi-squared test. The Youden index was calculated using receiver
operating characteristic (ROC) analysis to determine optimal cutoffs for continuous variables (age, body
mass index, PNI, and mFI) in analysis of readmission. Univariate and multivariate analyses were
performed to identify predictive indicators for readmission using logistic regression analysis. The
stepwise procedure was used to identify possible predictive factors for readmission in multivariate
analysis. P < 0.05 was considered statistically signi�cant. GraphPad Prismversion 6 (GraphPad Software,
Inc., La Jolla, CA, USA) and SPSS Statistics, version 24 (IBM Corp., Armonk, NY) were used for the
statistical analyses.

Results
Table 1 shows the clinical features of the patients included in this study. Among 516 patients, 94 one-
year readmissions were observed in 71 patients (13.8%): once in 56 patients (78.9%), twice in 10 patients
(14.1%), three times in 3 patients (4.2%), four times in one patient (1.4%), and �ve times in one patient
(1.4%). Table 2 shows the causes of these 94 one-year readmissions. The leading cause of readmission
was palliative care (n = 30), followed by nutritional di�culty (n = 25), ileus (n = 13), and adverse events of
chemotherapy (n = 11). Nutritional di�culty associated with chemotherapy was considered to be an
adverse event of chemotherapy in this study. With regard to readmission for nutritional di�culty, 31 one-
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year readmissions were observed in 20 patients (3.9%): once in 14 patients, twice in 4 patients, four times
in one patient, and �ve times in one patient. Figure 1 shows the interval between primary discharge and
�rst readmission. The 7-day, 30-day, and 90-day readmission rates were 8.5% (6/71), 26.8% (19/71), and
52.1% (37/71), respectively, across all cases. The 7-day, 30-day, and 90-day readmission rates for
nutritional di�culty were 20% (4/20), 50% (10/20), and 75% (15/20), respectively. The interval between
primary discharge and �rst readmission due to nutritional di�culty was signi�cantly shorter than that
due to other causes of readmissions (68.4 ± 88.1 vs. 136.4 ± 101.0; P = 0.002). On the other hand, there
was no signi�cant difference in the number of times of readmission between patients who experienced
readmission due to nutritional di�culty and those who experienced readmission due to other causes (1.6 
± 1.1 vs. 1.2 ± 0.6; P = 0.25).

Because most readmissions due to nutritional di�culty were observed within one year, we determined the
predictive factors of readmission within one year as well. Univariate analysis of clinicopathologic
characteristics to identify the predictive factors for one-year readmission due to nutritional di�culty
revealed that age, the type of gastrectomy, mFI, and PNI were predictive indicators of readmission due to
nutritional di�culty (Table 3). We then included those parameters signi�cant at P < 0.05 in the univariate
analysis in the multivariate analysis. Multivariate analysis and stepwise procedure revealed that mFI and
the type of gastrectomy were independent predictive indicators of readmission due to nutritional di�culty
(Table 3). Figure 2 shows the correlation between the number of independent predictive indicators and
the frequency of readmission due to nutritional di�culty. The readmission rates due to nutritional
di�culty were 1.2%, 4.7%, and 11.5% in patients who underwent DG and had low mFI, in those who either
underwent DG and had high mFI, or underwent either PG or TG and had low mFI, and in those who
underwent either PG or TG and had high mFI, respectively, indicating that the number of independent
predictive indicators (the type of gastrectomy and mFI) was signi�cantly associated with readmission
due to nutritional di�culty (P = 0.0008). Furthermore, ROC analysis indicated that the area under curve
(AUC) of the number of independent predictive indicators was much higher than that of either mFI or the
type of gastrectomy alone (Fig. 3).

Discussion
In this study, we �rst demonstrated that 13.8% of patients who underwent gastrectomy for GC
experienced readmission within one year. Choe et al. reported that 11.7% of patients were readmitted
within one year after gastrectomy[13]. Kim et al. reported that the 5 year-readmission rate was 13.0% in
patients who underwent radical subtotal gastrectomy for early GC[9]. They also reported that
approximately 80% of patients were readmitted within one year, indicating that the one-year readmission
rate was approximately 10%. The one-year readmission rate in this study was slightly higher than their
results, which might be due to the inclusion of advanced GC in our study and the difference in health
insurance systems.

Because gastrectomy reduces the volume of the stomach, many patients who have undergone
gastrectomy for GC experience nutritional di�culty due to insu�cient food intake after surgery. Food
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intake gradually increases in most patients as the number of postoperative days increases. However,
food intake sometimes decreases again in some patients after they leave the hospital because it is often
di�cult to prepare suitable food at home for post-gastrectomy patients. Such patients are likely to be
rehospitalized for nutritional support. Patients who undergo gastrectomy for GC are expected to be at
high risk of readmission due to poor food intake when compared with patients who undergo surgeries
other than gastrectomy. In fact, nutritional di�culty after gastrectomy was the second leading cause of
readmission in patients who underwent gastrectomy for GC in this study. This study revealed that the
interval from primary discharge to �rst readmission due to nutritional di�culty was signi�cantly shorter
than that due to other causes. In fact, 50% of patients with readmission within one year experienced 30-
day readmission in this study. Therefore, the short interval from primary discharge to �rst readmission
was the unique characteristic of readmission due to nutritional di�culty compared with readmission due
to other causes.

It is important to note that readmission due to nutritional di�culty could be avoidable. Baker et al. have
suggested that home enteral nutrition for 6 weeks through a feeding jejunostomy tube did not affect oral
intake of a regular diet and improved postoperative nutrition following TG[6]. Recently, oral nutritional
supplements (ONS) have been of great interest as perioperative nutritional interventions in patients with
GC who underwent gastrectomy. Kimura et al. demonstrated that administration of 300 kcal/day of ONS
for 6 to 8 weeks in the early post-gastrectomy period reduced body weight loss not only at 6 to 8 weeks
postoperatively but also at 1 year in patients who underwent TG[7]. Therefore, nutritional support might
be useful in preventing readmission due to nutritional di�culty. However, it is not practical to provide
intensive nutritional support for all patients who undergo gastrectomy for GC. Therefore, it is
indispensable to predict patients who are at high risk of readmission due to nutritional di�culty and
provide intensive nutritional support for those patients. In this study, we identi�ed that the type of
gastrectomy and the mFI were independent predictive indicators for readmission due to nutritional
di�culty. With regard to the type of gastrectomy, total gastrectomy and proximal gastrectomy were risk
factors for readmission due to nutritional di�culty. According to the Post Gastrectomy Syndrome
Assessment Study, one-year body weight reduction rates after gastrectomy for GC were 13.8 %, 10.9 %,
7.9 % and 8.9 % in TG, PG, DG with Billroth-I reconstruction, and DG with Roux-en-Y reconstruction,
respectively, indicating that higher body weight reduction rates were observed more frequently in patients
with ether TG or PG than in those with DG[14, 15]. Therefore, patients who underwent ether TG or PG are
more likely to have nutritional di�culty after surgery than those who undergo DG. Furukawa et al. recently
reported that subtotal gastrectomy with a very small remnant stomach had more favorable short-term
outcomes and nutritional status than total and proximal gastrectomy[16]. Even though the remnant
stomach is very small, it seems to be useful in maintaining ghrelin secretion and reducing gastro-
esophageal re�ux through preservation of the gastric cardia, which contributes to a favorable
postoperative nutritional status. Therefore, it might be possible to reduce readmission due to nutritional
di�culty through the improvement of surgery.

Frailty is a syndrome characterized by decreased physiological reserve. It has been reported to be
associated with an increased risk of adverse outcomes in patients who undergo surgery[17–20]. A
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standardized, quanti�able assessment of frailty may enable surgeons to evaluate patients’ risk of
adverse outcomes after surgery. Therefore, the development of a useful and less complex tool to evaluate
frailty is indispensable to improve patient outcomes. The modi�ed frailty index (mFI) is one such tool
based on the assessment of 11 physiological de�cits collected by the American College of Surgeons
National Surgical Quality Improvement Program (NSQIP)[11]. These 11 items are easily identi�able
during patient encounters and are de�ned as the proportion of potential de�cits that are present in an
individual to the 11 potential de�cits that were evaluated. The mFI has been found to be predictive for
postoperative short-term outcomes in several surgical populations, including patients undergoing
abdominal, vascular, and head and neck surgery[21–24]. However, the correlation between mFI and
readmission due to nutritional di�culty has not been well determined so far. In this regard, Choe et al.
reported that preoperative assessment of frailty could predict readmission within one year of discharge
after gastrectomy[13]. In their study, frailty was assessed using the Study of Osteoporotic Fractures frailty
index. Furthermore, all causes associated with one-year readmission were included in their study. On the
other hand, we used mFI to evaluate frailty and found a close correlation between mFI and one-year
readmission due to nutritional di�culty. Our study clearly demonstrated that frail GC patients were at
high risk of readmission due to nutritional di�culty. This indicates the possibility that frail GC patients
�nd it more di�cult to adjust to the post-gastrectomy status than non-frail GC patients. To the best of our
knowledge, this is the �rst study to demonstrate the close correlation between mFI and one-year
readmission due to nutritional di�culty.

Our study demonstrated that the combination of mFI and the type of gastrectomy was more useful in
predicting readmission due to nutritional di�culty than single use of those indicators. Because
readmission rate due to nutritional di�culty was high in patients who underwent either TG or PG with
high mFI, intensive follow-up and nutritional support should be performed in such patients to reduce
readmission due to nutritional di�culty.

The present study had some limitations. First, its retrospective design was associated with some bias.
Second, only a small number of patients were included, and a larger trial is required to con�rm our results.
Third, all patients included in this study were Japanese. Because insurance systems are different for each
country, the indications for readmission might also be different for each country; this is likely to affect the
predictive factors for readmission.

In conclusion, we demonstrated that the type of gastrectomy and the mFI were predictive indicators for
readmission due to nutritional di�culty in patients who underwent gastrectomy for GC. Because the
readmission rate due to nutritional di�culty was high in patients who underwent either TG or PG with a
high mFI, intensive follow-up and nutritional support should be provided in such patients to reduce
readmission due to nutritional di�culty, to improve patients’ QOL and prognosis, and to reduce additional
medical costs.

Abbreviations



Page 8/13

AUC
area under curve; DG:distal partial gastrectomy; GC:gastric cancer; mFI:modi�ed frailty index;
NSQIP:national surgical quality improvement program; ONS:oral nutritional supplements; PG:proximal
partial gastrectomy; PNI:prognostic nutritional index; ROC:receiver operating characteristic; TG:total
gastrectomy; USD:United States dollar

Declarations
Ethics approval and consent to participate: All procedures followed were in accordance with the ethical
standards of the responsible committee on human experimentation (institutional and national) and with
the Helsinki Declaration of 1964 and later versions. This study was approved by Certi�ed Review Board,
Tottori University Hospital, and the requirement for informed consent was waived.

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 their containing 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 they have no competing interests.

Funding: The authors received no grants, equipment or funding for this study.

Authors’ contributions: TO and HS participated in the design of the study, interpretation of data, analysis,
and drafting the article. WM, YS, KM, TM, and ST collected data. YF revised the article. All authors
approved the �nal version of the article.

Acknowledgments

We would like to thank Editage (www.editage.com) for English language editing.

References
1. Jencks SF, Williams MV, Coleman EA: Rehospitalizations among patients in the Medicare fee-for-

service program. The New England journal of medicine 2009, 360(14):1418–1428.

2. Fernandez FG, Khullar O, Force SD, Jiang R, Pickens A, Howard D, Ward K, Gillespie T: Hospital
readmission is associated with poor survival after esophagectomy for esophageal cancer. The
Annals of thoracic surgery 2015, 99(1):292–297.

3. Chen SY, Stem M, Gearhart SL, Safar B, Fang SH, Azad NS, Murphy AG, Narang AK, Wolfgang CL,
Efron JE: Readmission Adversely Affects Survival in Surgical Rectal Cancer Patients. World journal
of surgery 2019, 43(10):2506–2517.



Page 9/13

4. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A: Global cancer statistics 2018:
GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA: a
cancer journal for clinicians 2018, 68(6):394–424.

5. Dan Z, YiNan D, ZengXi Y, XiChen W, JieBin P, LanNing Y: Thirty-Day Readmission After Radical
Gastrectomy for Gastric Cancer: A Meta-analysis. The Journal of surgical research 2019, 243:180–
188.

�. Baker ML, Halliday V, Robinson P, Smith K, Bowrey DJ: Nutrient intake and contribution of home
enteral nutrition to meeting nutritional requirements after oesophagectomy and total gastrectomy.
European journal of clinical nutrition 2017, 71(9):1121–1128.

7. Kimura Y, Nishikawa K, Kishi K, Inoue K, Matsuyama J, Akamaru Y, Tamura S, Kawada J, Kawase T,
Kawabata R et al: Long-term effects of an oral elemental nutritional supplement on post-gastrectomy
body weight loss in gastric cancer patients (KSES002). Annals of gastroenterological surgery 2019,
3(6):648–656.

�. Japanese Gastric Cancer Association: Japanese Classi�cation of Gastric Carcinoma. Tokyo:
KANEHARA & CO., LTD.; 2017.

9. Kim MC, Kim KH, Jung GJ: A 5 year analysis of readmissions after radical subtotal gastrectomy for
early gastric cancer. Annals of surgical oncology 2012, 19(8):2459–2464.

10. Mitnitski AB, Mogilner AJ, Rockwood K: Accumulation of de�cits as a proxy measure of aging.
TheScienti�cWorldJournal 2001, 1:323–336.

11. Velanovich V, Antoine H, Swartz A, Peters D, Rubinfeld I: Accumulating de�cits model of frailty and
postoperative mortality and morbidity: its application to a national database. The Journal of surgical
research 2013, 183(1):104–110.

12. Onodera T, Goseki N, Kosaki G: [Prognostic nutritional index in gastrointestinal surgery of
malnourished cancer patients]. Nihon Geka Gakkai zasshi 1984, 85(9):1001–1005.

13. Choe YR, Joh JY, Kim YP: Association between frailty and readmission within one year after
gastrectomy in older patients with gastric cancer. Journal of geriatric oncology 2017, 8(3):185–189.

14. Takiguchi N, Takahashi M, Ikeda M, Inagawa S, Ueda S, Nobuoka T, Ota M, Iwasaki Y, Uchida N,
Kodera Y et al: Long-term quality-of-life comparison of total gastrectomy and proximal gastrectomy
by postgastrectomy syndrome assessment scale (PGSAS-45): a nationwide multi-institutional study.
Gastric cancer: o�cial journal of the International Gastric Cancer Association and the Japanese
Gastric Cancer Association 2015, 18(2):407–416.

15. Terashima M, Tanabe K, Yoshida M, Kawahira H, Inada T, Okabe H, Urushihara T, Kawashima Y,
Fukushima N, Nakada K: Postgastrectomy Syndrome Assessment Scale (PGSAS)-45 and changes in
body weight are useful tools for evaluation of reconstruction methods following distal gastrectomy.
Annals of surgical oncology 2014, 21 Suppl 3:S370-378.

1�. Furukawa H, Kurokawa Y, Takiguchi S, Tanaka K, Miyazaki Y, Makino T, Takahashi T, Yamasaki M,
Nakajima K, Mori M et al: Short-term outcomes and nutritional status after laparoscopic subtotal
gastrectomy with a very small remnant stomach for cStage I proximal gastric carcinoma. Gastric



Page 10/13

cancer: o�cial journal of the International Gastric Cancer Association and the Japanese Gastric
Cancer Association 2018, 21(3):500–507.

17. Partridge JS, Harari D, Dhesi JK: Frailty in the older surgical patient: a review. Age and ageing 2012,
41(2):142–147.

1�. Buettner S, Wagner D, Kim Y, Margonis GA, Makary MA, Wilson A, Sasaki K, Amini N, Gani F, Pawlik
TM: Inclusion of Sarcopenia Outperforms the Modi�ed Frailty Index in Predicting 1-Year Mortality
among 1,326 Patients Undergoing Gastrointestinal Surgery for a Malignant Indication. Journal of the
American College of Surgeons 2016, 222(4):397–407.e392.

19. Wagner D, DeMarco MM, Amini N, Buttner S, Segev D, Gani F, Pawlik TM: Role of frailty and
sarcopenia in predicting outcomes among patients undergoing gastrointestinal surgery. World
journal of gastrointestinal surgery 2016, 8(1):27–40.

20. Wagner D, Büttner S, Kim Y, Gani F, Xu L, Margonis GA, Amini N, Kamel IR, Pawlik TM: Clinical and
morphometric parameters of frailty for prediction of mortality following hepatopancreaticobiliary
surgery in the elderly. The British journal of surgery 2016, 103(2):e83-92.

21. Karam J, Tsiouris A, Shepard A, Velanovich V, Rubinfeld I: Simpli�ed frailty index to predict adverse
outcomes and mortality in vascular surgery patients. Annals of vascular surgery 2013, 27(7):904–
908.

22. Louwers L, Schnickel G, Rubinfeld I: Use of a simpli�ed frailty index to predict Clavien 4
complications and mortality after hepatectomy: analysis of the National Surgical Quality
Improvement Project database. American journal of surgery 2016, 211(6):1071–1076.

23. Obeid NM, Azuh O, Reddy S, Webb S, Reickert C, Velanovich V, Horst HM, Rubinfeld I: Predictors of
critical care-related complications in colectomy patients using the National Surgical Quality
Improvement Program: exploring frailty and aggressive laparoscopic approaches. The journal of
trauma and acute care surgery 2012, 72(4):878–883.

24. Adams P, Ghanem T, Stachler R, Hall F, Velanovich V, Rubinfeld I: Frailty as a predictor of morbidity
and mortality in inpatient head and neck surgery. JAMA otolaryngology– head & neck surgery 2013,
139(8):783–789.

Tables
Due to technical limitations, table 1,2,3 is only available as a download in the Supplemental Files section.

Figures



Page 11/13

Figure 1

The interval from primary discharge to �rst readmission in patients who underwent gastrectomy for
gastric cancer.
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Figure 2

The readmission rates due to nutritional di�culty, according to the type of gastrectomy and mFI.
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Figure 3

ROC curve combining the type of gastrectomy and the mFI for readmission due to nutritional di�culty.
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