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Abstract 
Preventive medicine and surgery management are increasingly intertwined, especially 
as surgical volumes rise and case complexity grows globally. This article reviews how 
preventive medicine frameworks can be embedded across the perioperative 
continuum—preoperative risk stratification, intraoperative safety, and postoperative 
surveillance—to reduce complications, enhance outcomes, and optimize resource use. 
Drawing on recent evidence regarding surgical site infection (SSI) prevention, error 
reduction, and risk‑based prophylactic surgery, we describe key strategies such as 
structured preoperative assessment, antimicrobial prophylaxis, standardized checklists, 
and interprofessional care pathways. Particular attention is given to pediatric and 
high‑risk surgical contexts where the margin for error is small and long‑term sequelae 
are substantial. Practical recommendations are proposed to bridge classical levels of 
prevention (primary, secondary, tertiary) with day‑to‑day surgical decision‑making, 
including indications for preventive (prophylactic) procedures. The article concludes 
by emphasizing that prevention‑oriented surgery management should be considered a 
core competency for modern surgical teams, rather than an adjunct concern, and 
outlines priorities for implementation and research. 
Keywords: preventive medicine, perioperative care, surgical site infection, 
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Introduction 
Preventive medicine is traditionally defined as the practice of promoting preventive 
health care to avert disease, disability, and premature death at the individual and 
population levels. This discipline emphasizes organized efforts to identify risk factors, 
interrupt disease pathways, and minimize the impact of established conditions through 
primary, secondary, and tertiary prevention. At the same time, surgery remains one of 
the most powerful therapeutic interventions in medicine but carries inherent risk of 
complications, including surgical site infection, iatrogenic injury, and long‑term 
functional impairment. As surgical volumes increase worldwide, the interface between 
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preventive medicine and surgical management has become more clinically and 
economically important.[3][4][7][5][8][6][1] 
Within surgical practice, prevention manifests along two complementary axes. First, 
preventive surgery describes operations performed to reduce the probability of future 
disease, such as prophylactic mastectomy in BRCA1‑positive women or colectomy for 
familial adenomatous polyposis. Second, preventive perioperative management aims 
to avoid avoidable harm around necessary procedures, through strategies like 
meticulous infection prevention bundles, structured preoperative assessments, and 
standardized safety protocols. Together, these approaches align surgical care with the 
broader goals of preventive medicine by shifting focus from reaction to 
anticipation.[9][2][10][4][5][6] 
Conceptual work in prevention distinguishes primary prevention (preventing disease 
onset), secondary prevention (early detection and treatment), and tertiary prevention 
(limiting the consequences of established disease). In surgery, primary prevention 
mirrors risk‑reducing procedures and lifestyle interventions that obviate the need for 
future operations, whereas secondary and tertiary prevention map onto timely 
diagnosis, complication avoidance, and rehabilitation. Embedding this framework into 
surgical workflows requires interprofessional collaboration, robust risk stratification, 
and institutional commitment to safety culture.[7][6][1] 
Recent guidelines and reviews underscore that practical measures—such as optimized 
antimicrobial prophylaxis, meticulous skin preparation, and intraoperative 
normothermia—can significantly reduce SSI and related morbidity when implemented 
systematically. Furthermore, widely adopted safety tools like the Joint Commission’s 
Universal Protocol and perioperative “time‑outs” have proven effective in preventing 
wrong‑site, wrong‑procedure, and wrong‑patient events. These insights provide a 
foundation for reframing surgical management as a core venue for preventive 
medicine.[10][4][5][6] 
This article aims to synthesize contemporary evidence and concepts at the intersection 
of preventive medicine and surgery management, with emphasis on the perioperative 
continuum and on high‑risk or pediatric populations. We first outline a conceptual 
framework integrating levels of prevention with surgical decision‑making, then 
describe methods for applying these principles to infection control, error prevention, 
and prophylactic operations. We then present descriptive results summarizing key 
preventive strategies and their impact, and finally discuss implications for practice, 
education, and research in surgery‑oriented health systems. 

 
Methods 
This narrative review was structured to align preventive medicine concepts with 
practical aspects of surgery management. A targeted search of recent English‑language 
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literature was conducted in PubMed and major guideline repositories focusing on 
publications from 2015 onward, supplemented by high‑impact or foundational sources 
independent of publication date. Search terms included combinations of “preventive 
medicine, surgery, perioperative prevention, surgical site infection, antimicrobial 
prophylaxis, preventive surgery, prophylactic surgery, surgical errors, Universal 
Protocol”. 
Priority was given to clinical practice guidelines, systematic reviews, and authoritative 
summaries addressing: (1) definitions and levels of preventive medicine; (2) strategies 
for SSI prevention across the perioperative period; (3) frameworks for preventing 
surgical errors and wrong‑site procedures; and (4) indications for risk‑reducing 
preventive surgeries in hereditary or high‑risk conditions. Documents describing 
interprofessional or systems‑level approaches to prevention in hospital settings were 
also reviewed.[2][4][5][8][6][1][10][3][7] 
Information was extracted and organized under three main domains: preoperative 
preventive strategies, intraoperative safety interventions, and postoperative 
surveillance and rehabilitation. Specific attention was directed to pediatric and 
oncologic contexts as exemplar high‑stakes scenarios. Because of heterogeneity across 
conditions and interventions, no meta‑analysis was attempted. Instead, evidence was 
synthesized descriptively, emphasizing practical principles and illustrative examples 
relevant to clinicians and surgical managers. 
Results 
Conceptual Integration of Preventive Medicine and Surgery 
Classical preventive medicine distinguishes primary, secondary, and tertiary 
prevention, each of which finds a direct counterpart in surgical practice. Primary 
prevention in the surgical context includes operations performed to avert disease 
development, such as prophylactic mastectomy for BRCA1 mutation carriers and 
preventive colectomy in familial polyposis, both of which markedly lower subsequent 
cancer incidence compared with surveillance alone. Secondary prevention involves 
prompt surgical management once a condition is identified at an early, more treatable 
stage, as in early appendectomy or resection of premalignant lesions detected through 
screening programs. Tertiary prevention encompasses measures that limit disability 
after necessary surgery, such as structured rehabilitation and meticulous complication 
prevention.[1][2] 
Beyond disease‑focused prevention, public health and general preventive medicine 
stress population‑level strategies and integration across health systems. In surgical 
care, this translates to institution‑wide protocols for perioperative safety, infection 
prevention, and continuous quality improvement that target the collective risk of all 
operated patients. Interprofessional models—where surgeons, anesthesiologists, 
nurses, pharmacists, and infection preventionists share responsibility for prevention—
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are particularly effective in aligning individual cases with population‑level safety 
goals.[4][5][8][6][10][7][1] 
Preoperative Phase: Risk Stratification and Optimization 
Effective preventive surgery management begins well before the first incision. 
Preoperative assessments that systematically evaluate comorbidities, nutritional status, 
infection risk, and anesthetic complexity are essential to stratify patients by risk and 
guide optimization. Risk tools incorporating American Society of Anesthesiologists 
(ASA) scores, expected operation duration, and wound classification (clean, 
clean‑contaminated, contaminated, dirty) help identify patients with higher 
susceptibility to SSI and other complications. This risk stratification supports tailored 
interventions such as more intensive glycemic control, smoking cessation support, or 
altered antibiotic prophylaxis regimens.[9][10][4] 
Antimicrobial prophylaxis is a cornerstone of preoperative infection prevention. 
Evidence‑based quality measures specify that appropriate prophylactic antibiotics 
should be administered within one hour prior to incision (or within two hours for agents 
like vancomycin and fluoroquinolones), using recommended agents, and discontinued 
within 24 hours postoperatively for most procedures. For certain operations, combined 
oral and parenteral prophylaxis is superior; for example, a large meta‑analysis shows 
that oral plus parenteral antibiotics with mechanical bowel preparation before elective 
colorectal surgery significantly lowers rates of SSI, postoperative ileus, anastomotic 
leak, and 30‑day mortality without increasing Clostridioides difficile infection.[10][4] 
In pediatric surgery, preoperative prevention also includes growth‑ and 
development‑sensitive risk assessment, immunization review, and family‑centered 
preparation to reduce anxiety and improve postoperative adherence. Although detailed 
pediatric‑specific guidelines vary, the underlying principle remains that high‑quality 
preoperative assessment is itself a form of secondary and tertiary prevention, reducing 
the likelihood of avoidable perioperative harm and long‑term sequelae.[7][1] 
Intraoperative Phase: Infection Control and Error Prevention 
Intraoperative measures complement preoperative optimization by targeting 
modifiable procedural and environmental factors. SSI prevention guidelines emphasize 
meticulous skin preparation, minimization of operating room traffic, maintenance of 
perioperative normothermia, and judicious use of hair removal. For hair removal, best 
practice is to avoid removal unless hair interferes with the procedure, never use razors, 
and if necessary use clippers close to the time of surgery and outside the operating 
room to reduce microtrauma and environmental contamination. Evidence synthesized 
from Cochrane reviews supports that appropriately timed intravenous antibiotics—for 
example, before caesarean section incision or ahead of breast cancer surgery—
significantly reduce SSI risk compared with delayed administration or 
placebo.[5][4][10] 
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Error prevention is another central intraoperative prevention domain. Surgical errors, 
defined as preventable injuries not considered acceptable risks and resulting from 
lapses in systems or performance, frequently stem from miscommunication, emergent 
or unnecessary procedures, inadequate training, and provider fatigue. Wrong‑site, 
wrong‑procedure, and wrong‑patient events have been a particular focus due to their 
severity and preventability. The Joint Commission’s Universal Protocol recommends 
a preprocedural verification process, surgical site marking, and a structured “time‑out” 
immediately before incision to confirm patient identity, procedure, and site. 
Implementing these standardized steps, and involving the patient when possible before 
sedation, has been identified as one of the most effective strategies for preventing such 
catastrophic errors.[6] 
Team‑based approaches further strengthen intraoperative safety. Interprofessional 
strategies, such as standing orders for prophylaxis, structured communication tools, 
and shared checklists, improve coordination and ensure that preventive measures are 
consistently applied. Training programs that emphasize communication skills, shared 
accountability, and situational awareness are associated with better adherence to 
preventive bundles and fewer errors, particularly in complex or high‑volume surgical 
environments.[6][1][7] 
Postoperative Phase: Surveillance, Rehabilitation, and Long‑Term Prevention 
Postoperative management extends preventive medicine into the recovery period and 
beyond. Rigorous surveillance for SSI and other complications allows early detection 
and intervention, which represents a form of secondary prevention by limiting 
progression to severe infection, sepsis, or readmission. Standardized wound care 
protocols, early mobilization, and appropriate pain management reduce the risk of 
thromboembolism, pulmonary complications, and chronic pain syndromes, thereby 
contributing to tertiary prevention.[4][5] 
Quality improvement initiatives increasingly incorporate feedback from postoperative 
outcomes to refine preoperative and intraoperative preventive strategies. For example, 
institutional tracking of SSI rates by procedure type and adherence to prophylaxis 
timing can highlight gaps and drive targeted interventions. Postoperative follow‑up 
also provides an opportunity to address broader preventive medicine issues, such as 
vaccination, lifestyle modification, and chronic disease management, which may 
reduce the need for future surgery and improve global health status.[8][3][1][4] 
In children, postoperative preventive strategies must account for growth, 
neurodevelopment, and family dynamics. Early detection of functional impairments, 
nutritional deficits, or psychosocial difficulties following major surgery is crucial to 
prevent long‑term disability. Structured transition from pediatric to adult services is 
another preventive measure, ensuring continuity of surveillance for patients with 
congenital or hereditary conditions who have undergone early surgical interventions. 
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While empirical data are heterogeneous, the principle that long‑term follow‑up is 
integral to prevention is consistent with broader preventive medicine practice.[8][1][7] 
Preventive (Prophylactic) Surgery as a Preventive Medicine Tool 
Beyond perioperative risk management, preventive surgery itself is an important 
manifestation of primary prevention. In oncology, prophylactic surgery is indicated for 
patients with genetic or congenital traits associated with high cancer risk. A classic 
example is prophylactic mastectomy for women with pathogenic BRCA1 or BRCA2 
mutations, in whom bilateral risk‑reducing mastectomy substantially lowers the 
likelihood of future breast cancer compared with surveillance alone. Similarly, in 
familial adenomatous polyposis, studies indicate that without preventive colectomy, 
approximately half of patients will develop colorectal cancer by age 40 and almost all 
by age 70, which has led to recommendations for early prophylactic colectomy.[2] 
The decision to pursue preventive surgery requires careful integration of risk 
prediction, patient preferences, and psychosocial considerations. From a preventive 
medicine standpoint, such operations are justified when the expected risk reduction and 
potential survival benefit outweigh the immediate surgical risks and long‑term 
consequences. These decisions illustrate the convergence of individualized risk 
assessment with population‑level data, a core feature of contemporary preventive 
medicine. In pediatric surgery, preventive operations—such as early correction of 
congenital malformations or resection of premalignant lesions—can also be seen as 
primary or secondary prevention, potentially avoiding later complex interventions and 
long‑term disability.[3][1][8] 

 
Table: Key Preventive Strategies Across the Perioperative Continuum 

Perioperative 
phase 

Main preventive 
focus 

Example 
interventions 

Evidence highlights 

Preoperative Risk stratification 
and infection 
prevention 

ASA‑based risk 
assessment, wound 
classification, 
optimization of 
comorbidities 

Risk models using ASA class 
and wound category help predict 
SSI and guide 
prophylaxis.[10][4] 

Preoperative Antimicrobial 
prophylaxis 

Appropriate antibiotic 
choice, dosing, and 
timing (within 1 hour of 
incision) 

Quality measures link correct 
timing and selection with 
reduced SSI rates in multiple 
procedures.[10][4] 

Intraoperative SSI reduction Skin preparation, 
limited OR traffic, 
avoidance of razor hair 
removal 

Guidelines recommend no hair 
removal or, if needed, clipper 
use close to surgery, outside the 
OR.[10][4][5] 

Intraoperative Error prevention Universal Protocol, site 
marking, time‑out 

Preprocedural verification and 
time‑outs effectively reduce 
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wrong‑site and wrong‑patient 
errors.[6] 

Postoperative Early 
complication 
detection 

Standardized wound 
checks, SSI 
surveillance systems 

Active surveillance enables 
earlier treatment and lower rates 
of severe infection and 
readmission.[4][5] 

Long‑term Risk‑reducing 
surgery 

Prophylactic 
mastectomy, preventive 
colectomy in familial 
polyposis 

Risk‑reducing surgery markedly 
lowers future cancer incidence in 
high‑risk genetic populations.[2] 

 
 

Discussion 
This review highlights that preventive medicine and surgery management are deeply 
interconnected across the continuum of care. Conceptually, the three classical levels of 
prevention map naturally onto surgical decisions: primary prevention through 
risk‑reducing procedures and health promotion that avert disease; secondary 
prevention via early surgical intervention and postoperative surveillance to detect 
complications; and tertiary prevention through comprehensive rehabilitation and 
chronic complication management. When these levels are made explicit, surgical care 
can be designed around proactive risk reduction rather than reactive complication 
management.[1][3][8] 
Evidence‑based perioperative strategies demonstrate that relatively simple, 
protocolized interventions can yield substantial benefits. For example, adherence to 
antimicrobial prophylaxis guidelines—timely administration, appropriate agent 
selection, and prompt discontinuation—consistently reduces SSI rates across 
colorectal, orthopedic, and cardiac surgeries. Meta‑analytic data suggest additional 
benefit from combining oral and parenteral antibiotics with mechanical bowel 
preparation in elective colorectal procedures, without a corresponding increase in C. 
difficile infection. Similarly, Cochrane reviews show that correctly timed intravenous 
antibiotics in caesarean and breast surgery significantly lower SSI incidence. These 
findings underscore that surgical teams can substantially influence outcomes through 
disciplined implementation of preventive bundles.[5][10][4] 
Error prevention frameworks provide another powerful application of preventive 
medicine in surgery. Wrong‑site, wrong‑procedure, and wrong‑patient events are rare 
but devastating, and root‑cause analyses repeatedly implicate communication failures, 
inadequate verification, and system weaknesses. The Universal Protocol, with its 
emphasis on preprocedural verification, site marking, and time‑outs, exemplifies 
tertiary and secondary prevention: it seeks to intercept potential errors before they 
reach the patient and to institutionalize safeguards that make the correct action easier 
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than the incorrect one. When combined with interprofessional training and a strong 
safety culture, such protocols can transform perioperative environments into learning 
systems that continually refine preventive strategies.[7][6][1] 
Preventive surgery as a primary prevention tool raises important ethical and practical 
questions that are central to contemporary preventive medicine. In BRCA‑associated 
breast cancer and familial polyposis, the high probability of eventual malignancy—
approaching near‑certainty for untreated familial polyposis by age 70—makes 
prophylactic procedures a rational option for many patients. However, the morbidity 
of major surgery and its long‑term impacts on body image, fertility, and quality of life 
require nuanced, shared decision‑making and robust psychosocial support. From a 
systems perspective, clear criteria for offering preventive surgery, based on validated 
risk stratification and patient‑centered values, can help align individual decisions with 
broader public health goals of reducing cancer burden.[2] 
The pediatric surgical context amplifies the stakes of preventive strategies because 
complications can influence growth, neurodevelopment, and lifelong function. While 
specific pediatric data on some perioperative measures remain limited, the general 
principles of risk stratification, meticulous infection control, and long‑term 
surveillance apply strongly to children. The integration of preventive medicine 
frameworks into pediatric surgery suggests future research directions, including 
age‑specific SSI prevention bundles, family‑centered safety interventions, and 
structured transition pathways to adult care that maintain surveillance for late 
complications.[1][7] 
Institutionally, the findings reviewed here argue for viewing surgical departments as 
hubs of preventive medicine rather than isolated procedural units. Public health and 
general preventive medicine specialties already emphasize collaboration with health 
systems to implement policies that improve population health. Applying this mindset 
to surgery implies investing in data systems for perioperative outcomes, embedding 
preventive metrics into quality dashboards, and training surgeons and anesthesiologists 
in prevention science and implementation strategies. As health systems evolve toward 
value‑based care, such prevention‑oriented surgery management will likely become 
ever more central to both clinical excellence and financial sustainability.[8][7][1] 
Conclusion 
Integrating preventive medicine principles into surgery management transforms the 
operating room and perioperative wards into powerful arenas for proactive health 
protection rather than mere sites of episodic intervention. Across the preoperative, 
intraoperative, and postoperative phases, structured risk stratification, evidence‑based 
prophylaxis, rigorous infection control, standardized safety protocols, and systematic 
surveillance can markedly reduce complications and improve functional outcomes. 
Preventive (prophylactic) surgery, when judiciously applied to well‑defined high‑risk 
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groups, further extends the reach of primary prevention by averting diseases that would 
almost certainly arise without intervention. 
For clinicians and surgical leaders, the practical message is that prevention cannot be 
treated as an optional adjunct; it must be embedded into every step of the surgical 
pathway, supported by interprofessional teamwork, robust data, and a strong safety 
culture. In pediatric and other high‑risk populations, the payoff of such an approach is 
especially high, as it can alter lifelong trajectories of health and disability. Future work 
should focus on refining risk prediction tools, tailoring preventive bundles to specific 
surgical populations, and integrating preventive metrics into everyday surgical practice 
and training. A truly modern surgical service is, at its core, a preventive medicine 
service that cuts not only to cure, but also to prevent. 
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