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Chapter 3

Going into surgery: risk factors for hypertrophic scarring

Risk factors hypertrophic scarring

Abstract
The aim of this study was to examine the association between possible risk factors for
excessive scarring and the formation of hypertrophic scars. Hypertrophic skin scarring remains a difficult problem in medicine and can cause considerable morbidity. Nevertheless,
few extensive prospective studies have been conducted which assess risk factors in relation
to hypertrophic scar formation.
Therefore, a prospective observational study was performed. Patients who had elective
cardiothoracic surgery were followed for the duration of one year and information was
collected about a variety of possible risk factors in these patients. The associations between
the risk factors and the development of hypertrophic scars were investigated.
Body mass index, ethnic background and scar related factors are positively associated
with hypertrophic scar formation. Anti-hypertensive therapeutics and factors influencing
erythropoiesis are negatively associated with hypertrophic scar formation.
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Introduction
Significant numbers of burns as well as surgical incisions result in hypertrophic skin scars1.
Hypertrophic scars (HTS) are defined as scars which are raised above skin level and are
confined to the margins of the original wound1. These scars often are rigid, red and shiny
and can cause considerable morbidity both aesthetically and physically1.
HTS result from a derailment of the wound healing cascade2. When the natural skin
barrier is disrupted either traumatically or surgically, the wound healing process starts
immediately in order to protect the organism from serious blood loss and infection. Wound
healing consists of a complex cascade of processes and is roughly divided into four successive phases, which overlap each other: haemostasis, inflammation phase, proliferative
phase and remodeling phase2. Disruption of one or more of these processes can result in
excessive scar formation. According to current literature HTS formation is the result of increased or prolonged inflammation, excessive proliferation and disturbed remodeling with
reduced apoptosis2. However, the exact mechanism of hypertrophic scar formation remains
unknown.
Certain factors are known to increase the risk of derailment of the normal wound
healing process and, as such, probably contribute to the process of HTS formation. For
example, the observation that individuals with African and Asian ethnic backgrounds develop HTS more often is widely shared among clinicians. However, in general little scientific
research has been conducted on risk factors associated with hypertrophic scarring. Table
1 presents an overview of possible risk factors described by other authors up to now. Dark
skin, thick skin and skin subjected to stretch produce more HTS3. Age is negatively associated with HTS formation4. Immunologically, the incidence of HTS formation is higher in
skin colonized by bacteria, infected skin and skin of individuals who suffer from allergies1.
Substances that decrease the risk of HTS formation are ACE-inhibitors, statins and chemotherapy3. Smoking has also been negatively associated with HTS formation4. However,
current literature on risk factors for HTS has several limitations. Often conclusions are
based on weak evidence such as expert opinions and a clear definition, which distinguishes
hypertrophic scars from keloids is often lacking.
Identifying (pre-existing) risk factors for hypertrophic scarring will give more direction
to research on the exact mechanism of and possible treatment strategies for hypertrophic
scarring. In addition, both established as well as newly developed therapies can be adapted
to the risk factor profiles of patients who suffer from hypertrophic skin scars in order to
produce tailor made treatments. And there is hope that in the future the analysis of patients
risk factor profiles can even predict scar outcome – normotrophic versus hypertrophic –
before or just after wounding. Therefore, a prospective observational study was conducted
to gain more insight in a broad range of possible risk factors for HTS formation.
33
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Risk factor
Genetic background
Dark skin
Age
Allergy

Association with scar formation
No association29
↑ HTS30
↓ HTS4,30,31
↑ HTS32
no association33
Bacterial colonization/infection
↑ HTS in burns34
↑ HTS1,35-37
Skin thickness
↑ HTS38
Stretch
↑ HTS39
Chemo therapy
↓ HTS40
Smoking
↓ HTS4
ACE-inhibitors
↓ HTS16
Statins
↓ HTS41,42
Table 1: risk factors suggested in literature HTS = hypertrophic scarring, ↓ = negative association with scar formation, ↑ = positive association with scar formation (for example: dark skin is
positively associated with HTS formation).

Materials and methods
An observational study was conducted amongst 120 thoracic surgery patients in the St. Antonius Hospital in Nieuwegein, the Netherlands and 44 patients in the University Medical
Center Groningen, the Netherlands. The study was supervised by plastic surgeons. Prior to
the start of the study, permission was obtained from the local Medical Ethics Committees.
All subjects signed an informed consent form, stating that they had knowledge of, understood and agreed with the procedures concerning the study.
Patients who received elective cardiothoracic surgery through median sternotomy
incisions were included in the study. The wounds resulting from the incisions were used as
a standardized presternal skin wound healing model. The surgical procedures were carried
out by a small group of cardiothoracic surgeons, who made the incisions and closed the
surgical wounds in a comparable manner using the same techniques.
Patients with scars in the latero-anterior thorax area or with connective tissue disorders
(like Ehlers-Danlos, scleroderma and other disorders associated with abnormal scarring)
were excluded.
Patients were seen by the investigators four months and one year following surgery.
Scars were labelled normotrophic (NTS) or (partly) hypertrophic (HTS). HTS was defined
as clearly raised (at least 1 mm) above skin level and not protruding beyond the margins of
34
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the original wound. Patients were subjected to a questionnaire to investigate a large variety
of risk factors in the categories socio demographic, treatment related factors and medical
history/co-morbidity (table 2). Also, blood pressure was measured using a sphygmomanometer and a stethoscope. Skin types were classified using the Fitzpatrick score. Joint
mobility was assessed by means of the Beighton score, where a score zero indicates normal
joint mobility and higher scores indicate the degree of joint hyper mobility5. At the end of
each visit standardized clinical digital photographs were taken by a professional medical
photographer with a distance of 1.5 m between subject and camera. This enabled a team of
plastic surgeons to evaluate the scars.
The endpoint was the presence or absence of hypertrophy in the presternal scar at
twelve months following surgery.
Sociodemographic / congenital properties
Date of birth
Male/female
Ethnic origin, Fitzpatrick skin type
Weight (kg)
Length (cm)
Blood type (ABO, rhesus)
Life style (smoking, diet etc.)
(Family) history of HTS and keloid
Joint mobility (Beighton score)
Treatment related
Type of procedure
Duration of surgery (minutes)
Type of heart-lung machine
Medicines used during surgery
ASA-score
Post-surgery hospital stay (days)
History / co-morbidity / medication
Other cardiovascular diseases
Respiratory diseases
Kidney-/liver diseases
Metabolic/hormonal disorders
Malignancy
Other diseases
Medication
Scar treatment
Table 2: studied risk factors

Statistical analysis
For continuous variables tests of normality were performed by means of the Shapiro-Wilk
test. The following statistical tests were used to calculate differences of means and differences of proportions of the risk factors with respect to the end points: T-test for continuous
data and Chi-square test for categorical data. Correlations between continuous variables
were calculated and linear and logistic regression analyses (forward stepwise) were performed to investigate the influence of the different variables on the end points. Differences
35
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were considered significant at a p value of < 0.05.

Results
A total of 132 out of 164 patients completed the follow-up. The remaining 32 patients
were lost to follow-up due to death or inability to revisit the clinic. The study population
contained 24 females (18%) and 108 males (82%). Their mean age was 62 years (range 37
to 83 years). One year after surgery 53 (40%) patients had developed HTS in one or more
parts of the presternal scar. None of the scars resulted in keloid formation. Baseline characteristics comprised age, sex, type of surgery and use of extracorporeal circulation (heart
lung machine). Baseline characteristics of patients with normotrophic scars were similar to
those of patients with HTS (table 3).
Variable
HTS (n = 53)
NTS (n = 79)
p value
Males (%)
42 (39%)
66 (61%)
0.532#
CABG (%)
48 (91%)
70 (89%)
0.721#
ECC (%)
47 (89%)
71 (90%)
0.828#
Mean age
61 ± 10
63 ± 10
0.148*
Table 3: research population characteristics Data are presented as number (percentage) or mean
± SD. CABG = coronary artery bypass graft, ECC = extracorporeal circulation, * = T-test, # =
Chi-square.

Over 90 possible risk factors were studied. In order to achieve more statistical power,
several comparable risk factors were combined into 17 different categories (see table 4).
Significant differences in the incidence of HTS formation were found with respect to body
mass index (BMI), ethnic background, anti-hypertensive therapeutics, factors influencing
erythropoiesis and scar related factors. Logistic regression (forward stepwise) produced a
risk model for the prevalence of HTS consisting of painful and itchy scar and scar treatment. Also see table 4 for a summary of the results.
1. Body mass index
The average BMI was higher in the HTS group compared to the NTS group (28 kg/m2 and
26 kg/m2 respectively; average weight 83 kg and 82 kg respectively; average length 1.73 m
and 1.76 m respectively). This difference was statistically significant (p = 0.029; T-test).
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Variable
BMI (kg/m2)

HTS (n = 53)
28 ± 4

NTS (n = 79)
26 ± 4

p value
0.029*

Caucasian (%)
30 (36%)
53 (64%)
0.023#
Co-morbidity
26 (49%)
45 (57%)
0.374#
Treatment related:
3 (10%)
11 (24%)
0.513#
- Inflammation reducing
14 (47%)
14 (30%)
- Inflammation stimulating
13 (43%)
21 (46%)
- Mix
Pro-inflammatory conditions
20 (38%)
35 (44%)
0.300#
Anti inflammatory substances
47 (89%)
69 (88%)
0.818#
Analgesics
16 (30%)
31 (39%)
0.289#
Anticoagulants
52 (98%)
77 (97%)
0.808#
Anti hypertensive therapeutics
47 (89%)
77 (97%)
0.039#
Cholesterol reducing therapeutics
39 (74%)
66 (84%)
0.166#
Erytropoiesis influencing factors:
0 (0%)
2 (3%)
0.024#
- Promoting
13 (25%)
27 (34%)
- Inhibiting
1 (2%)
7 (9%)
- Mix
Hormone influencing therapeutics
5 (9%)
5 (6%)
0.510#
Micronutrient influencing factors:
4 (8%)
6 (8%)
0.208#
- Micronutrients
21 (40%)
27 (34%)
- Inhibitor of uptak
3 (6%)
14 (18%)
- Mix
Muscle relaxing therapeutics
1 (2%)
6 (8%)
0.153#
Photosensitising therapeutics
19 (36%)
34 (43%)
0.411#
RAAS affecting therapeutics
23 (43%)
33 (42%)
0.854#
Rhythm affecting therapeutics
3 (6%)
8 (10%)
0.365#
Scar related factors:
3 (9%)
4 (7%)
0.008#
- Ointment
5 (14%)
0 (0%)
- Ointment & discomfort
14 (40%)
13 (24%)
- Discomfort
Table 4: results Data are presented as number (percentage) or mean ± SD. HTS = hypertrophic
scar, NTS = normotrophic scar, * = T-test, # = Chi-square.
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2: Ethnic background
Also, significantly more HTS patients had a non-Caucasian ethnic background (64%)
compared to patients with NTS (36% non-Caucasian; p = 0.023; Chi-square test). Although
the non-Caucasian subjects had higher Fitzpatrick scores than the Caucasian subjects (p =
0.00; Chi-square test), no significant difference in this score was found between the group
with HTS and the group with normal scars.
3. Treatment related factors
Treatment related factors comprised type of suture material and duration of surgery. The
suture material consisted of Vicryl to close the subcutis and either Monocryl or Vicryl to
close the epidermis. There were no significant differences between the HTS- and NTS
groups regarding treatment related factors (p = 0.513; Chi-square test).
4. Anticoagulants
The majority of patients (98%) used anticoagulants. Anticoagulants comprised platelet
aggregation inhibitors and vitamin K antagonists. Fifty two patients (98%) in the HTS
group took anticoagulants compared to 77 patients (97%) in the NTS group. No significant
differences were observed with respect to use of anticoagulants between both groups (p =
0.808, Chi-square test).
5. Antihypertensive therapeutics
Forty-seven of HTS patients (89%) took antihypertensive agents such as β-blockers and
ACE-inhibitors compared to 77 patients (97%) with normal scars. This difference was
statistically significant (p = 0.039, Chi-square test). However, blood pressure had no significant association with HTS formation (data not shown).
6. Erythropoiesis influencing substances
Erythropoiesis influencing substances comprised proton pump inhibitors, folic acid
antagonists, erythropoietin and micronutrients involved in erythropoiesis. These factors
had a significant negative association with HTS formation: 27% of HTS patients used one
or more erythropoiesis influencing substances against 46% of NTS patients (p = 0.024,
Chi-square test).
7. Scar related factors
There were significant differences between the HTS- and NTS groups regarding scar related factors such as pain and itch (p = 0.008; Chi-square test). Painful and itchy scars at four
38
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months post-operative were more likely to end up hypertrophic at 12 months post-operative
(p = 0.005; Chi-square test). Scar treatment in the form of ointments (scar crèmes or body
lotions) was associated with a higher prevalence of HTS as well (p = 0.038; Chi-square
test). None of the subjects used other types of scar therapy. Ointments were not applied
before the wound was closed.
There were no significant differences between the HTS- and NTS groups with respect to
the other studied risk factors (table 4).

Discussion
According to literature, HTS results from increased or prolonged inflammation, excessive proliferation and altered remodeling2. Five factors showed a significant association
with HTS formation in this study population: BMI, ethnic background, antihypertensive
therapeutics, erythropoiesis influencing substances and scar discomfort. To elucidate the
possible mechanisms behind the association of the risk factors with HTS formation, the
influences of risk factors on the different phases of wound healing are reviewed as well.
Treatment related factors and anticoagulants are also discussed, because were expected to
influence one or more phases of the wound healing process.
1. Body mass index
In this study, BMI was positively associated with HTS formation. Fat tissue is associated
with inflammation and overweight gives rise to a prolonged inflammatory phase during
wound healing6. The prolongation of the inflammatory phase in overweight patients could
cause a prolonged secretion of pro-inflammatory and pro-fibrotic cytokines. This could
attract more fibroblasts to the wound site and give the fibroblasts more time and stimuli to
deposit collagen into the wound bed. Furthermore, skin of obese persons could be subject
to more stretch compared with non-obese persons. Stretch stimulates proliferation and collagen deposition7. However, there is no scientific proof for an association between obesity
and skin stretch8. In contrast, several authors report that fat cells even inhibit fibroblast
proliferation and decrease collagen deposition9.
Looking at the results, high BMI exerts mixed effects on wound healing, making it
difficult to pinpoint the cause of its association with HTS.
2. Ethnic background
Despite the generally accepted idea that non-Caucasian patients (especially African and
Asian) tend to develop HTS more often compared to Caucasians, this has not been reported
39
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yet in many articles. This study supports the association of ethnic background and HTS
development. Fibroblasts from African skin produce more pro-inflammatory chemokine
ligand 2 (CCL2) compared to Caucasian and has larger mast cell granules10. Keratinocytes
in African skin may proliferate more than keratinocytes of Caucasian skin, which would
accelerate re-epithelialization10. In addition, dark skin contains more and bigger fibroblasts,
which deposit more collagen11.
All in all, non-Caucasian, pigmented skin seems to have pro-inflammatory and
pro-proliferative properties, which explains the association with HTS formation.
3. Treatment related factors
No significant differences in HTS formation were found with respect to treatment related
factors. Treatment related factors comprised type of suture material and duration of surgery. Sutures stimulate inflammation in wounds, especially absorbable suture material12. In
the present study the epidermis was closed with either Vicryl or Monocryl, which are both
absorbable suture materials. Vicryl has been shown to cause more tissue reaction (inflammation and angiogenesis) than Monocryl12. Also, surgery and anaesthesia trigger inflammation13. Therefore, it is not surprising that a longer duration of surgery causes more inflammation14. However, there were no significant differences concerning duration of surgery or
type of suture materials between the NTS and HTS group.
Concluding, Vicryl sutures and longer duration of surgery stimulate inflammation and
proliferation, but possibly do not influence wound healing enough to result in HTS.
4. Anticoagulants
There was no significant difference regarding the use of anticoagulants between the HTSand NTS groups. In spite of this, anticoagulants are discussed below, since they markedly
influence haemostasis and inflammation.
The anti-inflammatory properties of anticoagulants should theoretically reduce HTS
formation2. However, most of the subjects included in the present study suffered from
coronary artery disease and consequently most of the subjects (98%) used anticoagulants.
This could explain why the expected negative association of anticoagulant use and HTS
formation was not observed in this population.
5. Antihypertensive therapeutics
Antihypertensive therapeutics comprised angiotensin II inhibitors, ACE inhibitors, calcium
channel blockers, β-blockers, diuretics and a small group of other therapeutics with blood
pressure reducing side effects. The use of antihypertensive therapeutics was associated
with a lower incidence of HTS formation in this study. Although Dustan has hypothesized
40
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that excessive scarring and hypertension are related, there was no association between HTS
formation and blood pressure in the present study15. This suggests that the negative relation
of antihypertensive therapeutics with HTS formation is caused by the therapeutics themselves rather than their effects on blood pressure.
Ardekani reported a reduction of a proliferative scar after topical application of the
ACE-inhibitor Captopril16. ACE inhibitors decrease the conversion of angiotensin I to
angiotensin II (AngII). AngII exerts pro-inflammatory effects by increasing the influx of
leukocytes into the wound and through its action on Smad signalling17. AngII is also considered a pro-fibrotic agent, since it stimulates collagen synthesis, angiogenesis and keratinocyte proliferation17,18. Romana-Souza and colleagues showed that systemic administration
of the β-blocker propranolol reduced the number of inflammatory cells in burn wounds in
rats19. Propranolol had mixed effects on proliferation, but increased MMP production19.
MMPs are necessary for remodeling, since they break down collagen. Diuretics increase
photosensitivity of skin20. As a result more UV damage is inflicted on the skin, which
reduces proliferation21.
Recapitulating, antihypertensive agents can inhibit inflammation and proliferation,
stimulate remodeling and consequently reduce HTS formation.
6. Erythropoiesis influencing substances
Erythropoiesis influencing substances were associated with HTS formation and comprised
proton pump inhibitors, folic acid antagonists, erythropoietin and micronutrients involved
in erythropoiesis. Proton pump inhibitors were included, because they can interfere with
erythropoiesis by causing vitamin B12 and ferritin deficiencies22. Reduced numbers of
erythrocytes can inhibit the remodeling phase of wound healing, since lysate of erythrocytes induces MMP-1 production in fibroblasts23. In addition, disturbances in erythropoiesis can result in anaemia and possibly tissue hypoxia, which has been associated with HTS
formation24. In early wounds hypoxia stimulates the release of pro-inflammatory cytokines,
epithelialization and collagen synthesis25. However, during later wound healing an adequate oxygen supply is mandatory to actually produce ECM and form cross-links25.
Erythropoiesis probably plays an important role in wound healing23. Indeed, erythropoiesis influencing substances were associated with HTS formation in this study. However,
the role of erythropoiesis in wound healing has not been elucidated. Therefore, the exact
mechanism behind this finding is unclear.
7. Scar related factors
A painful or itchy scar at four months following surgery was prone to become or remain
hypertrophic at 12 months. Scar treatment in the form of scar creams or body lotions was
also associated with a higher prevalence of HTS. Furthermore, painful and itchy scars and
41
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scar treatment were predictors of HTS in the research population.
Prostaglandins are pro-inflammatory mediators which cause pain and itch26. A painful
scar can be caused by prolonged or increased presence of prostaglandins, which suggests a
lengthy and/or intense inflammation phase. Pain and itch can also be caused by an increased number of nerve endings, which results in increased inflammation as well as increased proliferation27. This explains the association of pain and itch with HTS formation.
Vitamin E and vaseline in scar creams and/or body lotions are able to inhibit inflammation and proliferation28. Consequently, scar creams and lotions can reduce HTS formation.
In contrast, in the present study these products were associated with HTS formation. The
observation can be biased, since it is likely that individuals with abnormal looking or itchy
scars are more eager to use products to improve scar appearance and reduce itch. This can
give the impression that scar treatment (scar creams and body lotions) worsens scar appearance, while scar appearance was already impaired in this group compared to the group
who did not apply any form of scar treatment.

Conclusions
Concluding, five risk factors showed significant association with HTS formation. High
BMI, non-Caucasian background and scar discomfort are positively associated with HTS
formation. Moreover, scar related factors (pain, itch and creams/lotions) are predictors of
HTS formation. The use of anti-hypertensive agents and erythropoiesis influencing agents
is negatively associated with HTS formation. Based on literature, treatment related factors
and anticoagulants were expected to influence scar outcome, but did not show significant
associations with HTS formation. Research on the specific effects of risk factors on the
different aspects of wound healing is necessary to fully understand the exact mechanisms
behind the discovered associations.

Source of funding
This study was supported by the Dutch Burns Foundation (grant 12.107).
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