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Abstract

We performed a literature review to describe the risk of surgical-site infection (SSI) inminimally invasive surgery (MIS) compared to standard
open surgery. Most studies reported decreased SSI rates among patients undergoing MIS compared to open procedures. However, many were
observational studies and may have been affected by selection bias. MIS is associated with reduced risk of surgical-site infection compared to
standard open surgery and should be considered when feasible.
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Surgical-site infections (SSIs), defined as infections affecting
the incision site or the deep tissue of the operative site,1 occur
in 0.5%–3% of patients undergoing inpatient surgery.2–4 Overall,
21,186 SSIs were reported to the Center for Disease Control and
Prevention’s National Healthcare Safety Network in 2021.3 SSIs
contribute to increased length of stay; each SSI associated with up
to 11 additional hospital days5 SSIs also contribute to increased
mortality, with a 2- to 11-fold increase in risk of death among
surgical patients with an SSI compared to those without an SSI.6,7

Additionally, SSIs are estimated to contribute $3.5–10 billion
annually in healthcare costs.8

Risk factors for SSI can be divided into intrinsic patient-related
factors and procedure-related factors.9 Up to 60% of SSIs are
estimated to be preventable using evidence-based guidelines.10,11

Surgical approach may also affect the risk of SSI, and minimally
invasive surgery (MIS) potentially decreases risk. The MIS
technique entails the use of laparoscopic and/or robotic techniques
to perform surgical procedures while avoiding the morbidity of
conventional open surgical wounds.12 MIS is thought to reduce the
risk of SSI due to smaller incisions, less retraction of the surgical
site, and less local soft-tissue trauma.13 We undertook a literature
review to describe the risk of SSI in MIS compared to open surgery
because a comprehensive review has not been published.

Methods

We searched the Medline database on June 9, 2023, for studies
published in English and completed in the last 20 years that
reported the incidence of SSI in patients undergoing MIS

compared to open surgery. Search terms used included “minimally
invasive surgery,” “laparoscopic surgery,” “robotic surgery,”
“endoscopic surgery,” and “surgical site infection.” Studies were
excluded if they lacked a control group of patients undergoing
open surgery or if they were published prior to June 9, 2003.

Results

Our findings are summarized in Table 1. In total, 25 studies were
identified, including randomized controlled trials, prospective
cohort studies, and retrospective analyses of pre-existing clinical
databases.13–37 A wide range of patient populations were studied,
including infants, adults, and age-mixed populations. Orthopedic,
abdominal, pelvic, and spinal surgeries were included, as were
both elective and emergent procedures. Most studies compared
laparoscopic surgeries to open surgeries; however, 4 included
robotic approaches in their analyses.14,24,28,34 Moreover, 21 studies
(84%) showed statistically significant decreases in the rate of SSI
among patients undergoing MIS compared with open procedures.
In addition, MIS was associated with decreased length of hospital
stay in multiple studies. One study found decreased 30-day
mortality among patients undergoing MIS for emergent indica-
tions as opposed to those who underwent open surgery.21 Another
study showed decreased hospital readmission rates among patients
with septic arthritis undergoing arthroscopy compared to open
arthrotomy.18

Discussion

In this literature review, we found that MIS is associated with
decreased rates of SSI across many different surgical procedures
and among a wide variety of patient populations. SSIs are serious
healthcare-associated infections with a high burden of morbidity
and mortality, as well as a substantial financial cost.9 Numerous
patient and procedural risk factors have been associated with
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Table 1. Summary of Studies Assessing Impact of Minimally Invasive Surgery on Frequency of Surgical-Site Infections

Author Year Study Design
Patient
Population Surgical Procedure(s)

MIS
Type

Sample
Size Outcome(s)

Ramamurti
et al

2022 Retrospective
cohort

All ages with a
diagnosis of
septic ankle
arthritis

Open arthrotomy or arthroscopy AS 962
patients

In multivariate analysis, SSI (OR, 4.407;
P = .014) and hospital readmission (OR, 1.915;
P < .001) were significantly higher in open
arthrotomy compared with arthroscopy. There
were no significant differences in reoperation
rates.

Hoffman T
et al

2021 Prospective
cohort

Adults Elective colorectal resection LS 865
patients

Patients undergoing laparoscopic surgery
were less likely to be diagnosed with SSI than
those undergoing open surgery (18.5% vs
32.3%; P < .001), and were also younger, had
fewer comorbidities, and had lower risk index
scores.

Matsukuma
et al

2021 Retrospective
cohort

Adults Liver resection LS 240
patients

Superficial incisional SSI was lower in
laparoscopic compared to open surgery (0%
vs 14%; P < .001). There were no significant
differences in rates of organ-space SSI (4% vs
10%; P = .071) or deep incisional SSI (0% vs
1%; P= 1.0). Length of stay was shorter for
laparoscopic surgeries (12 days vs 17 days;
P < .001).

Arnold et al 2020 Retrospective
cohort

All ages
undergoing
emergency
surgery

Appendectomy,
cholecystectomy, peptic ulcer
disease surgery, or intestinal/
exploratory surgery related to
bowel obstruction

LS 190,264
patients

On multivariate analysis, use of MIS
techniques was associated with decreased
odds of 30-day mortality, surgical-site
infection, and length of hospital stay in all
groups (P < .001). Utilization of MIS increased
over time in all groups (P < .001).

Alkaaki
et al

2019 Retrospective
cohort

Adults (aged
≥14 y)

Abdominal surgery, excluding
vascular, gynecological,
urological, and plastic
procedures

LS 337
patients

Decreased incidence of SSI in laparoscopic
compared to open procedures (4% vs 35%;
P < .001).

Caroff et al 2019 Retrospective
cohort

Adults Colon surgery LS 229,726
patients

Adjusted model results showed a significant
association of laparoscopy with lower odds of
SSI (OR, 0.43; 95% CI, 0.41–0.46; P < .001).

McCracken
et al

2019 Retrospective
cohort

Adults Pancreatoduo-denectomy LS,
RS

6,882
patients

Compared with the laparoscopic approach
(15.2% SSI rate), both robotic (21.6%) and
open (24.2%) procedures had higher rates of
infection (P = .03 and 0.001, respectively). SSIs
were comparable between open and robotic
approaches (P = .60).

Mueller
et al

2019 Retrospective
cohort

Adults Lumbar decompression and/or
instrumented fusion for
degenerative disease

NS 1,442
procedures

SSI rate for MIS was less than open (0.5% vs
3.3%; P = .0003). For decompression only, the
infection rate for MIS and open was 0.4% vs
3.9% (P = .04), and for decompression with
fusion it was 0.7% vs 2.6%, respectively
(P = .68).

Wang et al 2019 Prospective
cohort

Adults Gastrointestinal surgery LS,
RS

1290
patients

Patients undergoing laparotomy had a
significantly higher incidence of SSI than
those undergoing laparoscopic or robotic
surgeries (8.2% vs 3.1%; P < .001).

Ali et al 2018 Randomized
controlled
trial

Children Appendectomy LS 126
patients

No significant difference in wound infection
(11% in laparoscopic vs 17% in open surgery;
P = .31). Shorter LOS in laparoscopic
compared to open surgery (34 h vs 40 h;
P = .01).

Yu et al 2016 Randomized
controlled
trial

Children (aged
6–12 y)

Appendectomy LS 260
patients

Lower incidence of complications (defined as
wound infections, intestinal obstruction, and
intraperitoneal abscess) among laparoscopic
compared to open surgery (4.6% vs 12.3%;
P < .05). Decreased rate of wound infection
(1.5% vs 6.2%) among laparoscopic compared
to open surgery, and similar rates of
intraperitoneal abscess (3.1% vs 4.6%).
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Table 1. (Continued )

Author Year Study Design
Patient
Population Surgical Procedure(s)

MIS
Type

Sample
Size Outcome(s)

Colling et al 2015 Retrospective
cohort

Adults Abdominal hysterectomy LS,
RS

986
patients

More SSI occurred in open-surgery cases
(6.5%) than laparoscopic (0%) or robotic
(2.2%; P < .0001). Cases converted to open
surgery also had an increased rate of SSI
(13.3%).

Pasam et al 2015 Retrospective
cohort

All ages Colectomy and proctectomy LS 170,529
patients

SSI rates after open colectomy, open
proctectomy, laparoscopic colectomy, and
laparoscopic proctectomy were 15.2, 17.6, 8.6,
and 10.1%, respectively (P < .001), and for
obese patients, the rates were 18.7, 22.3, 10.7,
and 13.3% (P < .001). Laparoscopy reduced
the risk of SSI by at least 35% across all body
mass index classes and procedures, an effect
that persisted on multivariate analysis even in
obese patients undergoing proctectomy.

Xiao et al 2015 Retrospective
cohort

All patients Appendectomy LS 16,263
patients

LS was associated with a decrease in overall
SSI (OR, 1.24; P = .04) or incisional SSI (OR,
1.32; P = .01)

Gandaglia
et al

2014 Retrospective
cohort with
propensity
score
matching

Adults and
children

Appendectomy, colectomy,
hysterectomy, and radical
prostatectomy

NS 254,008
patients

Lower rates of postoperative SSI in patients
undergoing MIS vs open procedures for
appendectomy (3.8% vs 7.0%; P < .001),
colectomy (9.3% vs 15.0%; P < .001),
hysterectomy (1.8% vs 3.9%; P < .001), and
radical prostatectomy (1.0% vs 2.4%;
P < .001).

Mahdi et al 2014 Retrospective
cohort

Adults Gynecologic cancer surgery NS 6,854
patients

SSI after laparotomy was 3.5 times higher
compared with MIS (7% vs 2%; P < .001). SSI
was associated with longer mean hospital
stay and higher rate of reoperation, sepsis,
and wound dehiscence.

Dobson
et al

2011 Prospective
cohort

Adults and
children

Intestinal tract surgery LS 2,849
patients

Decreased rates of SSI were identified in
laparoscopic surgery patients (5.8%)
compared to open surgery patients (4.8%),
although this finding was not statistically
significant (P = .32).

Aimaq et al 2011 Retrospective
cohort

All patients Colorectal surgery LS 23,939
patients

Patients in the laparoscopic group had an SSI
rate of 9.4% vs 15.7% for the open-surgery
group (P < .0001).

Tollefson
et al

2011 Retrospective
cohort

Adults and
children

Retropubic radical
prostatectomy and robotic-
assisted radical prostatectomy

RS 5,908
patients

Patients undergoing robotic-assisted radical
prostatectomy (6 of 1,084; 0.6%) were
significantly less likely to develop an SSI than
patients undergoing retropubic radical
prostatectomy (216 of 4,824; 4.5%; P < .001).

Howard
et al

2010 Prospective
cohort

Adults Colorectal surgery LS 122
patients

SSI rate was significantly lower in the
laparoscopic than open group (7% vs 25%;
P = .015). Hospital stay was also shorter for
laparoscopic patients (P = .0001)

Kaafarani
et al

2010 Randomized
controlled
trial

Adults Ventral incision hernia repair LS 145
patients

Patients who underwent open VIH had
significantly more SSIs than those who
underwent laparoscopic VIH (22.1% vs 3.4%;
P = .002).

Varela et al 2010 Retrospective
cohort

Adults and
children

Appendectomy,
cholecystectomy, antireflux
surgery, and gastric bypass
surgery

LS 131,630
patients

Incidence of SSI was significantly lower in
laparoscopic (483 of 94,665, 0.5%) than in
open surgery (669 of 36,965, 1.8%; P < .01).

Tuggle et al 2010 Retrospective
cohort

Adults (18
years and
older) with
complicated
appendicitis

Appendectomy LS 2,790
cases

Superficial SSI was 70% less likely to occur in
laparoscopic appendectomy (OR, 0.304; P =
.000). Organ-space infection was 2-fold more
likely to occur in laparoscopic appendectomy
than open surgery (OR, 2.19; P = .003).
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increased risk of SSI among patients undergoing surgery, with the
SHEA SSI Prevention Guideline recommending corresponding
antimicrobial and procedural interventions to reduce these risks.9

This guideline noted that MIS procedures may be associated with a
lower risk of infection but called for additional data to guide further
recommendations.

MIS procedures are distinguished from open procedures by
method of access, method of exposure, and extent of operative
trauma.16 Patients undergoingMIS procedures are thought to have
a decreased risk for SSI compared to those undergoing open
procedures due to smaller surgical incisions, decreased tissue
trauma and contamination, and elimination of surgical retrac-
tion.16 Furthermore, SSIs occurring after MIS may be less severe
given a smaller surgical site leading to a smaller affected anatomic
area. Compared to those undergoing open surgeries, patients
undergoing MIS experience less local tissue trauma, less systemic
stress, decreased impairment of immediate postoperative pulmo-
nary function, and improved immunologic response, all of which
contribute to improved outcomes.38–42

However, the benefits of MIS may be overstated given several
potential sources of bias. First, sicker patients or those undergoing
more complex surgical procedures may be more likely to undergo
open surgery instead of MIS43; therefore, there may be a selection
bias for patients who are healthier at baseline and those with less
complex surgical needs to bemore likely to undergoMIS compared
to open surgery. Randomized controlled trials (RCTs) minimize
the impact of confounding factors; however, in this literature
review, we only identified 4 RCTs, with mixed results and relatively
small sample sizes. Additional well-designed RCTs are warranted
for further investigation into the relationship between surgical
approach and risk of SSI. Notably, many of the studies identified
were retrospective, and therefore prone to selection and recall bias.
Second, because performing MIS requires additional, specialized
training on the part of surgeons, improved outcomes in MIS may
be partly due to improved technical expertise and experience
among surgeons performing MIS compared to those performing
open surgical procedures. Finally, MIS procedures may be more
likely to occur atmore highly resourced referral centers, whichmay
have more SSI prevention interventions in place than smaller,
community centers.

In conclusion, MIS has many advantages over open surgery,
including decreased risk of SSIs in addition to improved cosmesis,
decreased pain, and shorter hospital length of stay.43 As a result,

MIS may contribute to decreased morbidity, mortality, and
costs compared to open surgery. However, the projected
benefits may be due in part to a bias for healthier or less
surgically complex patients to be more likely to be selected for
MIS instead of open surgery. MIS may not be appropriate for all
patients or all procedures, but should be considered, when
feasible, to reduce the risk of SSI.

Acknowledgments.

Financial support. No financial support was provided relevant to this article.

Competing interests.All authors report no conflicts of interest relevant to this
article.

References

1. Horan TC, Gaynes RP,MartoneWJ, JarvisWR, Emori TG. CDC definitions
of nosocomial surgical site infections, 1992: a modification of CDC
definitions of surgical wound infections. Am J Infect Control 1992;20:
271–274.

2. Berríos-Torres SI, Umscheid CA, Bratzler DW, et al. Centers for Disease
Control and Prevention guideline for the prevention of surgical-site
infection, 2017. JAMA Surg 2017;152:784–791.

3. National Health and Safety Network. 2021 National and State Healthcare-
Associated Infections Progress Report. Centers for Disease Control and
Prevention website. https://arpsp.cdc.gov/profile/national-progress-44/
united-states. Published 2022. Accessed December 15, 2023

4. Seidelman JL, Baker AW, Lewis SS, et al. Surgical site infection trends in
community hospitals from 2013 to 2018. Infect Control Hosp Epidemiol
2023;44:610–615.

5. Zimlichman E, Henderson D, Tamir O, et al. Healthcare-associated
infections: a meta-analysis of costs and financial impact on the US
healthcare system. JAMA Intern Med 2013;173:2039–2046.

6. Engemann JJ, Carmeli Y, Cosgrove SE, et al. Adverse clinical and economic
outcomes attributable to methicillin resistance among patients with
Staphylococcus aureus surgical-site infection. Clin Infect Dis 2003;36:
592–598.

7. Kirkland KB, Briggs JP, Trivette SL, Wilkinson WE, Sexton DJ. The impact
of surgical-site infections in the 1990s: attributable mortality, excess length
of hospitalization, and extra costs. Infect Control Hosp Epidemiol 1999;20:
725–730.

8. Scott R. The direct medical costs of healthcare-associated infections in US
hospitals and the benefits of prevention. Centers for Disease Control and
Prevention website. https://www.cdc.gov/hai/pdfs/hai/scott_costpaper.pdf.
Published 2009. Accessed December 15, 2023.

Table 1. (Continued )

Author Year Study Design
Patient
Population Surgical Procedure(s)

MIS
Type

Sample
Size Outcome(s)

Romy et al 2008 Retrospective
cohort

All ages Appendectomy,
cholecystectomy, and colon
surgery

LS 7,656
surgeries

After adjustment, laparoscopic interventions
were associated with a decreased risk for SSI:
OR, 0.61 (95% CI, 0.43–0.87) in appendectomy;
OR, 0.27 (95% CI, 0.16–0.43) in
cholecystectomy; and OR, 0.43 (95% CI, 0.29–
0.63) in colon surgery. This was due to a
reduction in the rates of incisional infections,
rather than organ-space infections.

St. Peter
et al

2006 Randomized
controlled
trial

Infants (aged
<3 mo)

Pyloromyotomy LS 200
patients

Wound infection occurred in 4 open patients
compared to 2 laparoscopic patients (P = .68).
There were no significant differences in length
of stay.

Note. OR, odds ratio; SSI, surgical site infections; MIS, minimally invasive surgery; LOS, length of stay; AS, arthroscopic surgery; LS, laparoscopic surgery; RS, robotic surgery; NS, not specified.

560 Stephanie F. Sweitzer et al

https://doi.org/10.1017/ice.2023.277 Published online by Cambridge University Press

https://arpsp.cdc.gov/profile/national-progress-44/united-states
https://arpsp.cdc.gov/profile/national-progress-44/united-states
https://www.cdc.gov/hai/pdfs/hai/scott_costpaper.pdf
https://doi.org/10.1017/ice.2023.277


9. Calderwood MS, Anderson DJ, Bratzler DW, et al. Strategies to prevent
surgical site infections in acute-care hospitals: 2022 Update. Infect Control
Hosp Epidemiol 2023;44:695–720.

10. Meeks DW, Lally KP, Carrick MM, et al. Compliance with guidelines to
prevent surgical site infections: as simple as 1-2-3? Am J Surg 2011;201:
76–83.

11. Umscheid CA, Mitchell MD, Doshi JA, Agarwal R,Williams K, Brennan PJ.
Estimating the proportion of healthcare-associated infections that are
reasonably preventable and the related mortality and costs. Infect Control
Hosp Epidemiol 2011;32:101–114.

12. Jaffray B. Minimally invasive surgery. Arch Dis Child 2005;90:537–542.
13. Gandaglia G, Ghani KR, Sood A, et al. Effect of minimally invasive surgery

on the risk for surgical site infections: results from the National Surgical
Quality Improvement Program (NSQIP) Database. JAMA Surg 2014;149:
1039–1044.

14. Tollefson MK, Frank I, Gettman MT. Robotic-assisted radical prostatec-
tomy decreases the incidence and morbidity of surgical-site infections.
Urology 2011;78:827–831.

15. Dobson M, Geisler D, Fazio V, Razio F, Hull T, Vogel J. Minimally invasive
surgical wound infections: laparoscopic surgery decreases morbidity of
surgical site infections and decreases the cost of wound care. Colorectal Dis
2011;13:811–815.

16. Varela JE, Wilson SE, Nguyen NT. Laparoscopic surgery significantly
reduces surgical-site infections compared with open surgery. Surg Endosc
2010;24:270–276.

17. Tuggle KRM, Ortega G, Bolorunduro OB, et al. Laparoscopic versus open
appendectomy in complicated appendicitis: a review of theNSQIP database.
J Surg Res 2010;163:225–228.

18. Ramamurti P, Agarwal AR, GuA, et al. Increased risk of 90-day surgical-site
infection and hospital readmission but not reoperation after open
arthrotomy when compared with arthroscopy for septic ankle arthritis.
Arthrosc J Arthrosc Relat Surg 2022;38:1999–2006.

19. Hoffman T, Shitrit P, Chowers M. Risk factors for surgical site infections
following open versus laparoscopic colectomies: a cohort study. BMC Surg
2021;21:376.

20. Matsukuma S, Tokumitsu Y, Nakagami Y, et al. Laparoscopic resection
reduces superficial surgical site infection in liver surgery. Surg Endosc
2021;35:7131–7141.

21. Arnold M, Elhage S, Schiffern L, et al. Use of minimally invasive surgery in
emergency general surgery procedures. Surg Endosc 2020;34:2258–2265.

22. Alkaaki A, Al-Radi OO, Khoja A, et al. Surgical site infection following
abdominal surgery: a prospective cohort study. Can J Surg J Can Chir
2019;62:111–117.

23. Caroff DA, Chan C, Kleinman K, et al. Association of open approach vs
laparoscopic approachwith risk of surgical site infection after colon surgery.
JAMA Netw Open 2019;2:e1913570.

24. McCracken EKE, Mureebe L, Blazer DG. Minimally invasive surgical-site
infection in procedure-targeted ACS NSQIP pancreaticoduodenectomies.
J Surg Res 2019;233:183–191.

25. Mueller K, Zhao D, Johnson O, Sandhu FA, Voyadzis JM. The difference in
surgical-site infection rates between open and minimally invasive spine
surgery for degenerative lumbar pathology: a retrospective single center
experience of 1,442 cases. Oper Neurosurg 2019;16:750–755.

26. Ali R, Anwar M, Akhtar J. Laparoscopic versus open appendectomy in
children: a randomized controlled trial from a developing country. J Pediatr
Surg 2018;53:247–249.

27. Yu G, Han A, Wang W. Comparison of laparoscopic appendectomy with
open appendectomy in treating children with appendicitis. Pak J Med Sci
2016;32:299–304.

28. Colling KP, Glover JK, Statz CA, Geller MA, Beilman GJ. Abdominal
hysterectomy: reduced risk of surgical-site infection associated with robotic
and laparoscopic technique. Surg Infect 2015;16:498–503.

29. Pasam RT, Esemuede IO, Lee-Kong SA, Kiran RP. The minimally
invasive approach is associated with reduced surgical site infections in
obese patients undergoing proctectomy. Tech Coloproctology 2015;19:
733–743.

30. Mahdi H, Gojayev A, Buechel M, et al. Surgical site infection in women
undergoing surgery for gynecologic cancer. Int J Gynecol Cancer
2014;24:779–786.

31. Howard DPJ, Datta G, Cunnick G, Gatzen C, Huang A. Surgical site
infection rate is lower in laparoscopic than open colorectal surgery.
Colorectal Dis 2010;12:423–427.

32. Romy S, Eisenring MC, Bettschart V, Petignat C, Francioli P, Troillet N.
Laparoscope use and surgical-site infections in digestive surgery. Ann Surg
2008;247:627–632.

33. St Peter SD, Holcomb GW, Calkins CM, et al. Open versus laparoscopic
pyloromyotomy for pyloric stenosis: a prospective, randomized trial. Ann
Surg 2006;244.

34. Wang Z, Chen J, Wang P, et al. Surgical-site infection after gastrointestinal
surgery in China: a multicenter prospective study. J Surg Res 2019;240:
206–218.

35. Xiao Y, Shi G, Zhang J, et al. Surgical-site infection after laparoscopic and
open appendectomy: a multicenter large consecutive cohort study. Surg
Endosc 2015;29:1384–1393.

36. Aimaq R, Akopian G, Kaufman HS. Surgical-site infection rates in
laparoscopic versus open colorectal surgery. Am Surg 2011;77:1290–1294.

37. Kaafarani HMA, Kaufman D, Reda D, Itani KMF. Predictors of surgical-site
infection in laparoscopic and open ventral incisional herniorrhaphy. J Surg
Res 2010;163:229–234.

38. Nguyen NT, Lee S, Goldman C, et al. Comparison of pulmonary function
and postoperative pain after laparoscopic versus open gastric bypass: a
randomized trial. J Am Coll Surg 2001;192:469–476.

39. Nguyen N, Lee S, Anderson J, Palmer L, Canet F, Wolfe B. Evaluation of
intra-abdominal pressure after laparoscopic and open gastric bypass. Obes
Surg 2001;11:40–45.

40. Nguyen NT, Goldman CD, Ho HS, Gosselin RC, Singh A, Wolfe BM.
Systemic stress response after laparoscopic and open gastric bypass. J Am
Coll Surg 2002;194:557–566.

41. Wichmann MW, Huttl TP, Winter H, et al. Immunological effects of
laparoscopic vs open colorectal surgery: a prospective clinical study. Arch
Surg 2005;140:692–697.

42. Whelan R, Franklin M, Holubar S, et al. Postoperative cell mediated
immune response is better preserved after laparoscopic vs open colorectal
resection in humans. Surg Endosc 2003;17:972–978.

43. Zhao Z, Gu J. Open surgery in the era of minimally invasive surgery. Chin J
Cancer Res 2022;34:63–65.

Infection Control & Hospital Epidemiology 561

https://doi.org/10.1017/ice.2023.277 Published online by Cambridge University Press

https://doi.org/10.1017/ice.2023.277

	The impact of minimally invasive surgical approaches on surgical-site infections
	Methods
	Results
	Discussion
	References


