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Abstract 
 

 

Background: Tobacco smoking is a well-established modifiable risk factor for poor postoperative outcomes, including 

delayed wound healing, increased infection risk, wound dehiscence, tissue hypoxia, and cardiopulmonary 

complications. In Indonesia, smoking prevalence remains high among surgical patients, while access to and compliance 

with preoperative cessation interventions remain limited. Heated tobacco products (HTPs), which deliver nicotine by 

heating rather than combusting tobacco, have emerged as a potential harm reduction alternative; however, their role 

and safety in surgical populations remain uncertain. Objective: This review aimed to evaluate current biological, 

toxicological, and clinical evidence comparing HTPs with conventional cigarettes in relation to wound healing and 

perioperative complications, and to assess their potential role as a harm reduction strategy in surgical patients. 

Methods: A narrative review was conducted using literature obtained from PubMed, Scopus, and Google Scholar, 

supplemented by grey literature from authoritative public health institutions. Publications from January 2010 to June 

2025 were considered. Eligible studies included original articles, reviews, systematic reviews, human clinical studies, 

observational studies, and relevant preclinical studies reporting toxicological profiles, tissue oxygenation, immune 

response, inflammation, endothelial function, wound healing, infection, or perioperative complications. Data were 

extracted and synthesized thematically. Discussion: Conventional cigarette combustion generates numerous harmful 

substances, including tar, carbon monoxide, polycyclic aromatic hydrocarbons, tobacco-specific nitrosamines, 

aldehydes, heavy metals, and reactive oxygen species, which contribute to endothelial dysfunction, vasoconstriction, 

tissue hypoxia, oxidative stress, immune suppression, impaired fibroblast activity, reduced collagen synthesis, delayed 

wound healing, surgical site infection, and wound dehiscence. HTPs avoid direct combustion and may substantially 

reduce exposure to tar, carbon monoxide, and selected toxicants, potentially supporting better tissue oxygenation, 

vascular function, and microvascular perfusion. However, HTP aerosols still contain nicotine, volatile organic 

compounds, aldehydes, heavy metals, and tobacco-specific nitrosamines, which may continue to interfere with wound 

healing. Current evidence suggests that HTPs may pose a lower biological risk than conventional cigarettes, but direct 

clinical evidence in surgical populations remains limited. Conclusion: HTPs may offer a transitional harm reduction 

option for selected surgical patients unable or unwilling to achieve complete smoking cessation. Nevertheless, HTPs 

are not risk-free and should not replace complete smoking cessation as the standard of care for minimizing 

perioperative complications. Further prospective clinical trials and wound healing studies are required to evaluate the 

safety and effectiveness of HTPs in surgical populations. 
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Background 
 

Tobacco use remains one of the most significant 

modifiable risk factors influencing surgical outcomes, 

including impaired wound healing, increased 

susceptibility to infection, and heightened risk of 

cardiopulmonary complications.1-4 Smoking affects 

nearly every phase of the tissue repair cascade by 

disrupting perfusion, oxygenation, immune response,  
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and collagen synthesis, which collectively contribute 

to poorer postoperative recovery.3,4 

In Indonesia, the tobacco epidemic remains a major 

public health concern, particularly in the surgical 

population. As of 2021, national smoking prevalence 

reached 34% of the adult population, with 63% of 

Indonesian men and 5% of women identified as active 

smokers.5 Indonesia ranks among the top five 

countries globally in cigarette consumption, and most 

smokers use high-tar clove cigarettes, which deliver 

higher levels of tar and nicotine than standard white 

cigarettes.5 Despite widespread knowledge regarding 

the adverse effects of smoking, real-world cessation 

rates remain low. Fawwaz and Pardede reported that 

only 2.4% of surgical patients in Indonesia received 

pharmacological smoking cessation support 

preoperatively, and more than 50% relapsed within 

two weeks after surgery.6 

In recent years, heated tobacco products have emerged 

as alternative nicotine delivery systems that heat 

processed tobacco without combustion.7-10 These 

products are designed to deliver nicotine while 

reducing exposure to harmful combustion byproducts 

such as tar and carbon monoxide. The absence of 

combustion, which is the primary driver of many 

tobacco-related toxicants, positions HTPs as a 

potential harm reduction tool.9-11 

The Royal College of Physicians and other 

international bodies have suggested that newer 

nicotine delivery systems may offer lower-risk 

alternatives for current smokers, although controversy 

persists.11 In Indonesia, awareness and use of HTPs are 

increasing, particularly in urban areas, but little is 

known about their safety profile in surgical 

populations. Given the limited uptake of preoperative 

smoking cessation interventions, it is important to 

explore whether HTPs can serve as a transitional risk-

reduction approach for patients who are unable or 

unwilling to quit completely before surgery. 

This review critically evaluates current evidence on the 

biological and clinical impact of HTPs compared with 

conventional cigarettes in the context of perioperative 

outcomes and wound healing. The review also seeks to 

clarify the potential role of HTPs as a harm reduction 

strategy for surgical patients while acknowledging 

their limitations and the need for further clinical data. 

Methods 
 

This article was prepared as a narrative review to 

synthesize and evaluate current evidence regarding the 

effects of HTPs compared with conventional cigarettes 

on surgical outcomes and wound healing. The review 

followed established guidance for narrative reviews in 

biomedical sciences, emphasizing clarity, 

reproducibility, and clinical relevance. 

Data Sources and Search Strategy 

A comprehensive literature search was conducted 

using PubMed, Scopus, and Google Scholar, 

supplemented by grey literature from authoritative 

public health institutions, including the World Health 

Organization, U.S. Food and Drug Administration, and 

Royal College of Physicians. The search covered 

publications from January 2010 to June 2025, 

capturing foundational toxicological studies and recent 

clinical and regulatory developments. 

Search terms included combinations of Medical 

Subject Headings and free-text keywords with 

Boolean operators: "heated tobacco products" OR 

"HTPs" OR "heat-not-burn tobacco" OR "IQOS" AND 

"conventional cigarette" OR "combustible tobacco" 

OR "smoking" AND "surgical outcomes" OR 

"perioperative complications" OR "wound healing" 

OR "postoperative recovery". 

Eligibility Criteria 

Articles were included if they were published in 

English between 2010 and 2025; were peer-reviewed 

original studies, reviews, or systematic reviews; 

included human clinical trials, observational studies, 

or preclinical studies relevant to surgical outcomes; 

and reported at least one outcome related to wound 

healing, tissue oxygenation, immune response, 

infection rate, inflammation, endothelial function, or 

perioperative complication. 

Articles were excluded if they were case reports, letters 

to the editor, abstracts without full text, non-peer-

reviewed publications, studies focusing solely on non-

surgical populations or non-tobacco nicotine products, 

or articles with high risk of bias or insufficient 

methodological transparency. 

Data Extraction and Synthesis 

Data extraction was performed independently by the 

authors. Extracted data included study design and 

population, type of tobacco product, exposure 

characteristics, toxicological profile, biological 

effects, and reported outcomes related to wound 
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healing or surgical complications. Findings were 

synthesized thematically. 

Results 

 
The reviewed literature showed that conventional 

cigarette smoking is consistently associated with 

biological mechanisms that impair surgical outcomes 

and wound healing. Conventional cigarettes burn 

tobacco at temperatures exceeding 600°C, producing 

numerous harmful substances, including tar, carbon 

monoxide, polycyclic aromatic hydrocarbons, 

tobacco-specific nitrosamines, aldehydes, heavy 

metals, and reactive oxygen species. These 

combustion-derived toxicants contribute to endothelial 

dysfunction, oxidative stress, vasoconstriction, tissue 

hypoxia, immune suppression, impaired collagen 

synthesis, and delayed wound repair.12-14,19,21 

In contrast, HTPs heat processed tobacco at lower 

temperatures, generally below 350°C, without direct 

combustion. This mechanism reduces the formation of 

several combustion-related toxicants compared with 

conventional cigarettes. Previous toxicological studies 

reported that non-combustion nicotine delivery 

systems may reduce exposure to selected harmful 

constituents, including carbon monoxide and tar-

related compounds.7-11,15,16 This reduction may 

theoretically provide biological advantages in the 

perioperative setting by decreasing carbon monoxide 

exposure, improving tissue oxygenation, reducing 

oxidative stress, and supporting microvascular 

perfusion, all of which are important for normal wound 

healing.19,20 

Despite the lower emission profile, HTPs are not free 

from potentially harmful substances. Aerosols from 

heated tobacco and related nicotine delivery products 

may still contain nicotine, volatile organic compounds, 

aldehydes, tobacco-specific nitrosamines, and heavy 

metals such as nickel, chromium, and lead.7,8,15-18 

Nicotine remains clinically relevant because it 

stimulates catecholamine release, causing peripheral 

vasoconstriction and reduced blood flow to the wound 

area.21,22 In addition, residual aldehydes and other 

toxicants may induce oxidative stress, inflammation, 

and cellular dysfunction, which can interfere with 
fibroblast activity, angiogenesis, and collagen 

deposition.15,17,18,20 

Evidence regarding conventional cigarette smoking 

demonstrated a clear association with increased 

postoperative complications. Smoking impairs wound 

healing through reduced tissue perfusion, tissue 

hypoxia, immune dysfunction, impaired inflammatory 

response, reduced fibroblast proliferation, decreased 

type I collagen synthesis, and delayed tissue 

remodelling.19,21-25 These mechanisms increase the risk 

of delayed wound healing, surgical site infection, 

wound dehiscence, and tissue necrosis.23-29 Previous 

studies also reported that smokers have a higher risk of 

postoperative wound complications compared with 

nonsmokers, while smoking cessation before surgery 

may improve tissue oxygenation and immune function, 

thereby reducing postoperative wound-related 

complications.1,3,19,23 

Comparative evidence suggests that HTPs may pose a 

lower biological risk than conventional cigarettes 

because of the absence of combustion and reduced 

exposure to selected toxicants. Experimental and 

toxicological studies indicate that aerosols from 

newer-generation tobacco and nicotine products may 

have lower cytotoxic and inflammatory effects than 

conventional cigarette smoke, with less impairment of 

endothelial and immune-related cellular 

responses.16,20,30 These findings suggest a potential 

harm reduction role for HTPs in selected surgical 

patients who are unable or unwilling to stop smoking 

completely. 

However, direct clinical evidence evaluating HTP use 

in surgical populations remains limited. Most available 

data are derived from toxicological, experimental, 

observational, or indirect clinical studies rather than 

prospective perioperative trials. Therefore, although 

HTPs may reduce exposure to combustion-derived 

toxicants and may theoretically lower perioperative 

biological risk, current evidence is insufficient to 

conclude that HTPs significantly reduce surgical site 

infection, delayed wound healing, wound dehiscence, 

or other postoperative complications compared with 

conventional cigarette smoking.16,18,20,30 

Overall, the findings indicate that HTPs may represent 

a lower-risk exposure compared with conventional 

cigarettes, particularly through reduced tar and carbon 

monoxide exposure. Nevertheless, HTPs remain 

harmful because they continue to deliver nicotine and 

residual toxicants that may interfere with wound 

healing. Complete smoking cessation remains the 

preferred strategy for reducing perioperative 

complications, while HTPs should only be considered 

as a temporary harm reduction option under medical 

supervision in selected patients who cannot achieve 

complete cessation.19,20,23 
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Discussion 

 
Smoking remains a well-established risk factor for 

adverse postoperative outcomes, particularly wound 

healing complications. Its detrimental effects are 

mediated through multiple biological pathways that 

interfere with nearly every phase of the wound healing 

process.21 

Nicotine stimulates catecholamine release, including 

epinephrine and norepinephrine, leading to peripheral 

vasoconstriction. This reduces blood flow to the 

wound site and impairs delivery of oxygen and 

nutrients required for fibroblast and endothelial cell 

function during tissue regeneration.21,22 

Carbon monoxide from cigarette smoke binds 

hemoglobin with approximately 200 times greater 

affinity than oxygen, forming carboxyhemoglobin and 

decreasing the oxygen-carrying capacity of blood. This 

hypoxia disrupts the inflammatory and proliferative 

phases of healing.21,22 

Toxic compounds in tobacco smoke impair neutrophil 

and macrophage function, compromising antibacterial 

defense and increasing the risk of surgical site 

infection.23-25 Smoking also inhibits fibroblast 

proliferation and reduces both the quantity and quality 

of type I collagen, weakening wound tensile strength 

and delaying remodelling. These disruptions elevate 

the risk of wound dehiscence.21,24 

 
Figure 1. Impact of smoking on wound healing across all phases of the healing process, consistently associated with 

exacerbation of impaired wound repair.22 

 
Figure 2. Molecular pathways linking cigarette smoke exposure to impaired wound healing and tissue remodelling.21 

 

Tar, a composite of numerous combustion-derived 

chemicals, plays a critical role in mediating the 

harmful effects of smoking on tissue healing. It 

contributes to tissue hypoxia through elevated carbon 

monoxide exposure and promotes vasoconstriction 

through catecholamine release, reducing blood 

perfusion to surgical sites.26 Tar compounds also 

suppress key immune cell activity and generate 

oxidative stress through reactive oxygen species, 

impairing fibroblast function and angiogenesis.15,27 

Tar exposure has been shown to alter collagen 

metabolism by decreasing collagen synthesis and 

increasing collagen degradation through the 

upregulation of matrix metalloproteinases. This 

imbalance leads to structurally weaker scar tissue and 

a heightened risk of wound dehiscence.21 The 

biochemical and pathophysiological effects of tar may 

culminate in delayed wound healing, increased 

infection rates, wound dehiscence, and tissue 

necrosis.25-28 
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Figure 3. Comparative effects of cigarette smoke and newer-generation tobacco or nicotine product extracts on 

endothelial function. Conventional cigarette smoke triggers earlier antioxidant and pro-inflammatory responses than 

newer-generation products, although adverse effects may still occur.30 
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Are Heated Tobacco Products Safer for Surgical 

Patients? 

Perioperative use of HTPs represents a developing area 

of clinical interest within the broader context of tobacco 

harm reduction. Conventional cigarettes are well-

established contributors to poor surgical outcomes, 

primarily because of combustion-derived toxicants such 

as tar, carbon monoxide, and reactive oxygen species. 

HTPs offer a distinct chemical profile that may confer 

comparatively lower biological risk in surgical settings. 

By eliminating combustion, HTPs may reduce exposure 

to key toxicants associated with impaired wound 

healing, vasoconstriction, hypoxia, and 

immunosuppression.19 Early experimental and 

toxicological data suggest that HTP aerosol has less 

cytotoxicity and inflammatory potential than cigarette 

smoke, with reduced impairment of endothelial cells, 

fibroblasts, and immune cells. These mechanistic 

advantages may translate into lower rates of surgical site 

infection, improved tissue oxygenation, and more 

effective collagen deposition, although direct clinical 

outcome studies remain limited.16 

It is essential to underscore that HTPs are not risk-free. 

The presence of nicotine, aldehydes, heavy metals, and 

volatile organic compounds in HTP aerosols continues 

to pose potential harm, particularly in vulnerable 

surgical populations with comorbidities such as diabetes 

or cardiovascular disease. Additionally, the lack of long-

term randomized controlled trials in perioperative 

settings limits the strength of current conclusions. 

Conclusion 

 
Heated tobacco products may pose a lower 

biological risk than conventional cigarettes because they 

avoid direct combustion and reduce exposure to tar, 

carbon monoxide, and selected harmful constituents. 

However, HTPs remain potentially harmful because 

they continue to deliver nicotine, volatile organic 

compounds, aldehydes, heavy metals, and tobacco-

specific nitrosamines. Complete smoking cessation 

remains the gold standard for minimizing perioperative 

complications. Further prospective clinical trials are 

needed to determine whether HTPs can meaningfully 

reduce surgical complications in real-world 
perioperative populations. 

Recommendations 

 
HTPs should not be considered a replacement for 

complete smoking cessation, which remains the gold 

standard for minimizing surgical complications. In 

patients who are unwilling or unable to quit smoking, 

switching to HTPs may be considered as a transitional 

harm reduction strategy under close medical 

supervision. Surgeons and perioperative teams should 

be educated about toxicological differences between 

tobacco products to provide evidence-based counselling 

to patients. Further research, including prospective 

clinical trials and wound healing models, is needed to 

evaluate the real-world impact of HTP use in surgical 

populations. 
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