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Is 72 h of antimicrobial prophylaxis better than 24 h in elective gastric cancer surgery?
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1. Introduction
Gastric cancer is the fourth most common cancer and 
the second most frequent cause of death in the world, 
with curative surgery remaining the primary therapeutic 
approach for gastric cancer (1). Despite the great progress 
made in surgical skills and perioperative management 
during the past decades, complication rates after 
gastrectomy vary from 10.5% to 40.1% in different medical 
centers (2–6). Several studies have reported that the 
incidence of complications was regarded as a risk factor 
for gastric cancer patients’ prognosis (7,8).

Postoperative application of prophylactic antibiotics 
is used to prevent infectious complications, such as 
surgical site infection (SSI) or remote infection, for 
clean-contaminated surgery. Patients could receive some 
benefits from short-term antimicrobial prophylaxis, such 
as reducing the development of bacterial resistance and 
lowering the expenses (9). The guidelines of the Centers 
for Disease Control and Prevention (CDC) recommend 
that intravenous antimicrobial prophylaxis be limited to 
within 24 h postoperatively (10). However, most of the 
previous studies comparing short-term with long-term 
antibiotic regimens focused on colorectal surgery (11,12) 
or cholecystectomy (13,14). There is not much evidence 

about the duration of antimicrobial prophylaxis in relation 
to the risk of infectious complications following curative 
gastrectomy with D2 lymphadenectomy. This study aims to 
investigate the efficacy of 24 h versus 72 h of antimicrobial 
prophylaxis in Chinese gastric cancer patients.

2. Materials and methods
Gastric cancer patients between July 2016 and January 
2018 undergoing elective surgery at Ren Ji hospital 
were included in this study. The surgical procedure 
was potentially curable gastrectomy for cancer with D2 
lymphadenectomy. Patients were excluded if they were 
aged less than 20 or more than 80 years, pregnant, or 
allergic to penicillins or cephalosporins; had received 
antibiotic treatment in the past 2 weeks; had perioperative 
infection or another organ cancer; were of ASA grade 
III; had a microscopic or macroscopic residual tumor, 
emergent surgery, moderate or severe liver disease 
(alkaline phosphatase, alanine aminotransferase, aspartate 
aminotransferase, or total bilirubin more than five times 
the upper limit of normal), or severe renal impairment 
(serum creatinine level above 2.0 mg/dL); or had received 
preoperative chemotherapy or chemoradiotherapy and 
combined resection. We retrospectively reviewed medical 
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histories and postoperative complications. This study was 
approved by Ren Ji Hospital’s ethics committee.

This study was designed to investigate the efficacy of 
24 h or 72 h of antimicrobial prophylaxis regimens with 
cefazolin or quinolones on infectious complications 
including SSI and remote infection. Thirty minutes before 
the operation both groups received 1 g of cefazolin by slow 
intravenous infusion over 15 min. An additional dose 
was administered if the operation was prolonged beyond 
3 h. For 24-h prophylaxis, postoperative antibiotics 
were administered twice in the 24 h after the end of the 
surgery. For 72-h prophylaxis, postoperative antibiotics 
were given twice daily for 72 h. The reasons for 72-h 
antibiotic prophylaxis administration included age more 
than 65 years old, late tumor stage, prolonged operation 
time, or suspicion of pneumonia after the operation. 
The allocation was objectively dependent on patients’ 
conditions. Perioperative management protocols and 
wound management were similar in both groups. 

The primary endpoint was the incidence of SSI and 
remote infection. Determination of the presence of SSI 
was based on criteria developed by the CDC (10). Remote 
infection complications, defined as a postoperative 
infection at a site other than the surgical site, were defined 
as recommended by the Clavien–Dindo classification (15), 
such as pneumonia, enteritis, or urinary tract infection.

The chi-square test or Fisher’s exact test was used to 
compare nominal variables. For comparison of continuous 
variables, the Mann–Whitney U test was used. A binary 

logistic regression model was used for multivariate 
analysis. Univariate and multivariate logistic regression 
analyses were applied to identify the factors independently 
influencing the risk of development of infectious 
complications. P < 0.05 was considered to denote statistical 
significance. Statistical analyses were performed using 
SPSS 13.0 (SPSS Inc., Chicago, IL, USA).

3. Results
Among the 1095 gastric cancer patients who underwent 
elective surgery from July 2016 to January 2018, 105 cases 
were excluded (combined resection n = 53, noncurative 
resection n = 33, neoadjuvant chemotherapy n = 6, other 
reasons n = 13; Figure). As summarized in Table 1, the 
characteristics of these 990 included patients (708 in 24-h 
group and 282 in 72-h group) were balanced except for 
age. In the 72-h prophylaxis group the mean age was 64.2 
± 11.2 years, which was significantly older than in the 24-h 
prophylaxis group (61.6 ± 10.9 years). 

The overall number of infections was 115 in the 24-h 
prophylaxis group and 45 in the 72-h prophylaxis group 
(P = 0.912). Regarding SSI, the overall incidence was 
5.5% (54 of 990 patients). The incidence of SSI was 5.2% 
in the 24-h prophylaxis and 6.0% in the 72-h prophylaxis 
group, respectively. There were no significant differences 
in superficial or deep incisional SSI or organ/space SSI 
between the two groups (Table 2). On the basis of multiple 
logistic regression analysis (Table 3), the odds ratios (ORs) 
for surgical-site infections with 72 h of antimicrobial 

 16 

 17 

 18 

Excluded:  
Combined resection n=53 
Non-curative resection n=33    

  neoadjuvant chemotherapy n=6 
  other reasons n=13  

Allocated to 72h prophylaxis n=282  
   Laparoscopic partial gastrectomy n=40 
   Laparoscopic total gastrectomy n=15 
   open partial gastrectomy n=142 
   open total gastrectomy n=85 

Allocated to 24h prophylaxis n=708   
   Laparoscopic partial gastrectomy n=123 
   Laparoscopic total gastrectomy n=54 
   open partial gastrectomy n=344 
   open total gastrectomy n=187 

990 patients were enrolled according to the 
including and excluding criteria 

Assessed for eligibility  n=1095 

Figure. Flowchart of the presented study.
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prophylaxis were 1.03 (95% CI: 0.47–2.30) before and 1.15 
(95% CI: 0.49–2.90) after adjusting for nine variables (age, 
sex, BMI, duration of operation, estimated blood loss, 
transfusions, postoperative cancer stage, laparoscopy, and 
open and distal or total gastrectomy)

The incidence of remote infection was 11.0% in 24-h 
prophylaxis and 9.9% in 72-h prophylaxis (Table 4). The 
rate of pulmonary infection rate was lower in the 72-h 
prophylaxis group but this was not significant (24-h 
group 9.3% versus 72-h group 7.8%). In logistic regression 
analysis (Table 5), the unadjusted OR for remote infection 
after 72 h of prophylaxis was 0.89 (95% CI: 0.51–1.56). 
The adjusted OR with 72 h of prophylaxis was 0.62 (95% 
CI: 0.31–1.27) after accounting for nine variables (age, 
sex, BMI, duration of operation, estimated blood loss, 
transfusions, postoperative cancer stage, laparoscopy, 
and open and distal or total gastrectomy). However, age 
more than 60 years (OR: 2.08; 95% CI: 1.08–3.99) and 
pathological stage ≥III (OR: 1.88; 95% CI: 1.02–3.48) were 
independent risk factors for remote infection.

4. Discussion
This retrospective study was designed to compare the 
incidence of SSI and remote infection in patients given 
antibiotic prophylaxis for 24 h with that of patients 
administered antibiotic prophylaxis for 72 h after elective 
gastric cancer surgery. It was concluded that antibiotic 
prophylaxis for 24 h does not increase the incidence of SSI 
or remote infection in gastric cancer patients.

Antibiotic prophylaxis should be effectively given for 
the shortest interval because extended use of antibiotics 
is associated with great costs and might increase the risk 
of adverse effects. However, controversies on the duration 
of antibiotic prophylaxis still exist in clinical practice 
(16,17). A survey in South Korea and Japan showed that 
at 11 institutions antimicrobial prophylaxis was routinely 
given for longer than 24 h after open gastrectomy (18). 
However, national surgical infection prevention guidelines 
in the United States recommend that antibiotics be 
discontinued within 24 h of surgery. The reason behind 
the longer use of antibiotics might be differences in the 
extent of lymphadenectomy: differing from the extended 

Table 1. Baseline and operative data. 

24-h prophylaxis
n = 708

72-h prophylaxis
n = 282 P

Age (years)* 61.6 (10.9) 64.2 (11.2) 0.008

Sex ratio (M:F) 450:258 190:92 0.076

BMI (kg/m2)* 22.9 (9.6) 22.5 (3.4) 0.798

pT category 0.176

  pT1 183 (25.8%) 75 (26.6%)

  pT2 81 (11.4%) 21 (7.4%)

  pT3–4 445 (62.8%) 186 (66.0%)

pN category 0.474

  pN0 307 (43.4%) 122 (43.3%)

  pN1 90 (12.7%) 44 (15.6%)

  pN2 134 (18.9%) 56 (19.9%)

  pN3 177 (25.0%) 60 (21.3%)

Pathological 
stage 0.729

  I 231 (32.6%) 86 (30.5%)

  II 63 (8.9%) 21 (7.4%)

  III 363 (51.3%) 152 (53.9%)

  IV 51 (7.2%) 23 (8.2%)

During of 
operation (h) 0.920

  ≥4 354 (50.0%) 142 (50.4%)

  <4 354 (50.0%) 140 (49.6%)

Estimated
blood loss (mL) 0.330

  ≥150 96 (13.6%) 45 (16.0%)

  <150 612 (86.4%) 237 (84.0%)

Intraoperative 
blood 
transfusion

0.535

  Yes 45 (6.4%) 21 (7.4%)

  No 663 (93.6%) 261 (92.6%)

Laparoscopy 0.065

  Yes 177 (25.0%) 55 (19.5%)

  No 531 (75.0%) 227 (80.5%)

Gastrectomy 0.671

  Partial 467 (66.0%) 182 (64.5%)

  Total 241 (34.0%) 100 (35.5%)

*Values are mean (±SD); BMI = body mass index; pT = primary 
tumor; pN = lymph node status.

Table 2. Incidence of surgical-site infection.

24-h 
prophylaxis
n = 708

72-h 
prophylaxis
n = 282

P

Overall surgical-site 
infections 37 (5.2%) 17 (6.0%) 0.616

Superficial incisional 14 (2.0%) 6 (2.1%) 1.000
Deep incisional 6 (0.8%) 2 (0.7%) 1.000
Organ/space 18 (2.5%) 9 (3.2%) 0.571
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D2 lymphadenectomy in East Asia (4,19), D0 or D1 
lymphadenectomy was generally accepted in the United 
States and Europe (20,21). Most Japanese surgeons 
believe that the surgical stress related to gastrectomy with 

such lymph node dissection might deteriorate the host 
immune system and increase the risk of postoperative 
complications, including SSIs and remote infections, 
which might be prevented by longer antibiotic use (9).

Table 5. Univariable and multivariable logistic regression analyses for the association between risk factors and remote infections.

Univariate analysis Multivariate analysis

Odds ratio (95% CI) P Odds ratio (95% CI) P

72-h prophylaxis 0.89 (0.51–1.56) 0.692 0.62 (0.31–1.27) 0.192
Age >60 2.41 (1.41–4.12) 0.001 2.08 (1.08–3.99) 0.029
Male sex 1.77 (1.06–2.99) 0.029 1.19 (0.64–2.22) 0.580
BMI ≥ 25 kg/m2 1.16 (0.62–2.17) 0.633 1.27 (0.63–2.54) 0.509
Duration of operation ≥4 h 1.31 (0.79–2.16) 0.297 1.19 (0.66–2.15) 0.566
Estimated blood loss ≥150 mL 1.39 (0.70–2.77) 0.342 0.77 (0.31–1.90) 0.564
Intraoperative blood transfusion 1.52 (0.68–3.32) 0.429 1.08 (0.51–2.81) 0.811
Pathological stage  ≥III 1.36 (0.85–2.19) 0.198 1.88 (1.02–3.48) 0.043
Open 0.86 (0.51–1.45) 0.565 0.64 (0.33–1.24) 0.187
Total gastrectomy 1.20 (0.76–1.91) 0.43 0.66 (0.35–1.26) 0.209

Table 4. Incidence of remote infection.

24-h prophylaxis
n = 708

72-h prophylaxis
n = 282 P

Remote infections 78 (11.0%) 28 (9.9%) 0.617
Respiratory  66 (9.3%) 22 (7.8%) 0.448
Urinary tract 8 (1.1%) 5 (1.8%) 0.622
Enteritis 5 (0.7%) 2 (0.7%) 1.000

Table 3. Univariable and multivariable logistic regression analyses for the association between risk factors and surgical-
site infections.

Univariate analysis Multivariate analysis

Odds ratio (95% CI) P Odds ratio (95% CI) P

72-h prophylaxis 1.03 (0.47–2.30) 0.934 1.15 (0.49–2.90) 0.818
Age >60 1.27 (0.59–2.75) 0.538 1.39 (0.55–3.50) 0.492
Male sex 0.61 (0.30–1.27) 0.185 0.59 (0.25–1.37) 0.220
BMI ≥25 kg/m2 1.10 (0.40–3.03) 0.794 1.36 (0.48–3.82) 0.562
Duration of operation ≥4 h 0.84 (0.37–1.92) 0.683 0.71 (0.29–1.78) 0.470
Estimated blood loss ≥150 mL 0.91 (0.26–3.12) 1.000 0.70 (0.20–2.52) 0.586
Intraoperative blood transfusion 1.56 (0.46–5.36) 0.729 1.03 (0.47–2.30) 0.275
Pathological stage ≥III 1.97 (0.87–4.63) 0.100 1.78 (0.63–5.05) 0.276
Open 1.55 (0.58–4.10) 0.377 0.70 (0.20–2.49) 0.581
Total gastrectomy 2.17 (1.05–4.74) 0.032 2.32 (0.97–5.57) 0.058



1139

XIA et al. / Turk J Med Sci

To date, four randomized controlled trials (RCTs) 
(9,22–24) have examined the optimal duration of antibiotic 
prophylaxis after gastric cancer surgery. Two studies 
recruited patients receiving various types of surgery, such 
as total gastrectomy, distal gastrectomy, and proximal 
gastrectomy with D1 + D2 lymphadenectomy; the other two 
studies focused on total gastrectomy and distal gastrectomy 
respectively with D1–D3 lymphadenectomy. They all came 
to the conclusion that 24 h of antimicrobial prophylaxis 
did not increase the incidence of SSI after gastrectomy. In 
this study, we focused on Chinese gastric cancer patients 
undergoing gastrectomy with D2 lymphadenectomy. 
Our findings about SSI were in agreement with those of 
the above studies. Regarding remote infection, Takagane 
et al. reported that shortened antimicrobial prophylaxis 
might increase the incidence of remote infection in total 
gastrectomy, especially pulmonary (22). In our study, 24 
h of antimicrobial prophylaxis did not increase the risk 
of remote infections including lung, urinary tract, and 
enteritis infections. This result was similar to those of the 
other two RCTs (9,23). 

Several factors are reported to be associated with SSIs, 
such as aging, obesity, malnutrition, prolonged operation, 
and combined adjacent organ resection (9,25,26). In our 
study, however, 24-h prophylaxis, age more than 60 years, 
sex, BMI, operation time, estimated blood loss of more 
than 150 mL, transfusion, pathological stage ≥III, open 
surgery, and total gastrectomy were not significant risk 
factors, which is in agreement with the findings of Takagane 

et al. (22). For remote infection, the risk factors may be 
different (27,28). In this study, age more than 60 years 
and pathological stage ≥III were significantly associated 
with remote infection, suggesting that advanced age 
and pathological stage might increase the risk of remote 
infection. Thus, for those patients, extended antimicrobial 
prophylaxis, perioperative respiratory rehabilitation, and 
early mobilization should be recommended to prevent 
remote infection (22,29).

The present study has several limitations. This 
retrospective research was performed at a single 
institution. Thus, the retrospective nature of our database 
may introduce inevitable bias compared to RCTs. 
However, data originating from a single institution avoid 
any interhospital variation and different perioperative 
managements.

The results of the current study indicate that 24-h 
antibiotic prophylaxis is adequate for preventing SSIs and 
remote infections in patients undergoing gastrectomy with 
D2 lymphadenectomy. However, for advanced age and 
pathological stage III patients, treatments such as extended 
antibiotics, rehabilitation, or early mobilization should be 
given to take precautions against remote infection.

Acknowledgments
This study was supported by the Shanghai Sailing Program, 
No. 17YF1415700; the Shanghai Municipal Commission 
of Health and Family Planning, No. 2017BR043; and the 
Hospital Development Center, No. 16CR2022A.

References

1. Moodley J, Onyangunga OA, Maharaj NR. Hypertensive dis-
orders in primigravid black South African women. A one year 
descriptive analysis. Hypertens Pregnancy 2016; 8: 1-7.

2. Wang Y, Sun J, Gu Y, Zhao S, Groome LJ, Alexander JS. D2-40/
podoplanin expression in the human placenta. Placenta 2011; 
32: 27-32.

3. Govender N, Moodley J, Gathiram P, Naicker T. Soluble fms-
like tyrosine kinase-1 in HIV infected pre-eclamptic South Af-
rican Black women. Placenta 2014; 35: 618-624.

4. Govender N, Naicker T, Moodley J. Endoglin in HIV-associated 
preeclamptic placentae. Hypertens Pregnancy 2015; 34: 342-54.

5. Pinheiro MB, Martins-Filho OA, Mota APL, Alpoim PN, Go-
doi LC, Silveira ACO, Teixeira-Carvalho A, Gomes KB, Dusse 
LM. Severe preeclampsia goes along with a cytokine network 
disturbance towards a systemic inflammatory state. Cytokine 
2013; 62: 165-173.

6. Alitalo K, Carmeliet P. Molecular mechanisms of lymphan-
giogenesis in health and disease. Cancer Cell 2002; 1: 219-
227.

7. Norrmén C, Tammela T, Petrova TV, Alitalo K. Biological ba-
sis of therapeutic lymphangiogenesis. Circulation 2011; 123: 
1335-1351.

8. Martel C, Li W, Fulp B, Platt AM, Gautier EL, Westerterp M, 
Bittman R, Tall AR, Chen SH, Thomas MJ et al. Lymphatic vas-
culature mediates macrophage reverse cholesterol transport in 
mice. J Clin Invest 2013; 123: 1571-1579.

9. Onyangunga OA, Moodley J, Merhar V, Ofusori DA, Naicker 
T. Lymphatic vascular endothelial hyaluronan receptor-1 im-
munoexpression in placenta of HIV infected pre-eclamptic 
women. J Reprod Immunol 2016; 117: 81-88.

10.  Fukunaga M. Expression of D2-40 in lymphatic endothelium 
of normal tissues and in vascular tumours. Histopathology 
2005; 46: 396-392.

11.  Kato H, Takeuchi O, Sato S, Yoneyama M, Yamamoto M, Mat-
sui K, Uematsu S, Jung A, Kawai T, Ishii KJ et al. Differential 
roles of MDA5 and RIG-I helicases in the recognition of RNA 
viruses. Nature 2006; 441: 101-105.

12.  Schmid K, Birner P, Gravenhorst V, End A, Geleff S. Prognostic 
value of lymphatic and blood vessel invasion in neuroendo-
crine tumors of the lung. Am J Surg Pathol 2005; 29: 324-328.



1140

XIA et al. / Turk J Med Sci

13.  Ordóñez NG. D2-40 and podoplanin are highly specific and 
sensitive immunohistochemical markers of epithelioid malig-
nant mesothelioma. Hum Pathol 2005; 36: 372-380.

14.  Liu H, Li Y, Zhang J, Rao M, Liang H, Liu G. The defect of both 
angiogenesis and lymphangiogenesis is involved in preeclamp-
sia. Placenta 2015; 36: 279-286.

15.  Al-Husaini A. Role of placenta in the vertical transmission of 
human immunodeficiency virus. J Perinatol 2009; 29: 331-336.

16.  Schwartz DA, Sungkarat S, Shaffer N, Laosakkitiboran J, Su-
papol W, Charoenpanich P, Chuangsuwanich T, Mastro TD. 
Placental abnormalities associated with human immunode-
ficiency virus type 1 infection and perinatal transmission in 
Bangkok, Thailand. J Infect Dis 2000; 182: 1652-1657.

17.  Astarita JL, Cremasco V, Fu J, Darnell MC, Peck JR, Nieves-
Bonilla JM, Song K, Kondo Y, Woodruff MC, Gogineni A et 
al. The CLEC-2-podoplanin axis controls the contractility of 
fibroblastic reticular cells and lymph node microarchitecture. 
Nature Immunol 2015; 16: 75-84.

18.  Portmann-Lanz CB, Schoeberlein A, Huber A, Sager R, Malek 
A, Holzgreve W, Surbek DV. Placental mesenchymal stem cells 
as potential autologous graft for pre-and perinatal neuroregen-
eration. Am J Obstet Gynecol 2006; 194: 664-673.

19.  Kitano H, Kageyama SI, Hewitt SM, Hayashi R, Doki Y, Ozaki 
Y, Fujino S, Takikita M, Kubo H, Fukuoka J. Podoplanin ex-
pression in cancerous stroma induces lymphangiogenesis and 
predicts lymphatic spread and patient survival. Arch Pathol 
Lab Med 2010; 134: 1520-1527.

20.  Zumsteg A, Christofori G. Myeloid cells and lymphangiogen-
esis. Cold Spring Harb Perspect Med 2012; 2: a006494.

21.  Barozzi P, Luppi M, Facchetti F, Mecucci C, Alù M, Sarid R, 
Rasini V, Ravazzini L, Rossi E, Festa S et al. Post-transplant 
Kaposi sarcoma originates from the seeding of donor-derived 
progenitors. Nature Med 2003; 9: 554-561.

22.  Hultgård-Ekwall AK, Mayerl C, Rubin K, Wick G, Rask-An-
dersen H. An interstitial network of podoplanin-expressing 
cells in the human endolymphatic duct. J Assoc Res Otolaryn-
gol 2006; 7: 38-47.

23.  Graf R, Schönfelder G, Mühlberger M, Gutsmann M. The peri-
vascular contractile sheath of human placental stem villi: its 
isolation and characterization. Placenta 1995; 16: 57-66.

24.  Laresgoiti-Servitje E, Gómez-López N, Olson DM. An immu-
nological insight into the origins of pre-eclampsia. Hum Re-
prod Update 2010; 16: 510-524.

25.  Saito S. Th17 cells and regulatory T cells: new light on patho-
physiology of preeclampsia. Immunol Cell Biol 2010; 88: 615.

26.  Peters A, Burkett PR, Sobel RA, Buckley CD, Watson SP, Bet-
telli E, Kuchroo VK. Podoplanin negatively regulates CD4+ ef-
fector T cell responses. J Clin Invest 2015; 125: 129-140.

27.  Suzuki-Inoue K, Kato Y, Inoue O, Kaneko MK, Mishima K, Ya-
tomi Y, Yamazaki Y, Narimatsu H, Ozaki Y. Involvement of the 
snake toxin receptor CLEC-2, in podoplanin-mediated plate-
let activation, by cancer cells. J Biol Chem 2007; 282: 25993-
26001.

28.  Chaipan C, Steffen I, Tsegaye TS, Bertram S, Glowacka I, 
Kato Y, Schmökel J, Münch J, Simmons G, Gerardy-Schahn 
R et al. Incorporation of podoplanin into HIV released from 
HEK-293T cells, but not PBMC, is required for efficient 
binding to the attachment factor CLEC-2. Retrovirology 
2010; 7: 47.

29.  Valensise H, Vasapollo B, Gagliardi G, Novelli GP. Early and 
late preeclampsia two different maternal hemodynamic states 
in the latent phase of the disease. Hypertens 2008; 52: 873-880.

30.  Ramirez MI, Millien G, Hinds A, Cao Y, Seldin DC, Williams 
MC. T1α, a lung type I cell differentiation gene, is required for 
normal lung cell proliferation and alveolus formation at birth. 
Dev Biol 2003; 256: 62-73.


