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Background: Experimental studies have reported that angiotensin receptor blockers (ARBs) increase
the risk of surgical complications. However, clinical data on their effect on surgical outcomes are limited.
The aim of this study was to investigate the impact of perioperative use of ARBs on the outcomes of breast
reconstruction using population-based claim data.

Methods: Data of patients who underwent direct-to-implant or abdomen-based autologous breast
reconstruction after total mastectomy from April 2015 to December 2018 were obtained from the Health
Insurance Review and Assessment Service database. The patients were categorized as ARB, non-ARB,
control, and non-hypertension groups. The effects of ARBs on surgical complications, length of hospital
stay, and complication-related medical costs were evaluated.

Results: Of the 9,036 patients who met the inclusion criteria, 5,192 underwent direct-to-implant
reconstruction, and 3,844 underwent abdomen-based autologous reconstruction. The length of hospital stay
was the longest and the surgical complication rate and complication-related medical cost were the highest
in the ARB group after both reconstruction methods. Compared with non-treatment with antihypertensive
drugs, ARB use was found to be an independent risk factor for surgical complications in direct-to-implant
reconstruction [odds ratio (OR), 1.96; 95% confidence interval (CI), 1.09-3.50; P=0.0237] and complication-
related medical cost (OR, 1.93; 95% CI, 1.10-3.40; P=0.0221) in abdomen-based autologous reconstruction.
Conclusions: Perioperative ARB use was associated with adverse postoperative breast reconstruction
outcomes. These findings might have a significant impact on perioperative antihypertensive management;

nevertheless, further studies are warranted to confirm the study findings.
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Introduction treatment, and breast reconstruction has been increasingly

Breast cancer is the most common cancer diagnosed among performed (2’3) based on the evidence of OHCOIOglC Safety’

women, with 2.1 million new cases worldwide reported psychological benefit, and aesthetic outcome (4-7). Breast

in 2018 (1). Oncologic surgery is usually the first line of reconstruction can be performed using either an autologous
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tissue or an implant. Among the currently used autologous
reconstruction and implant-based reconstruction methods,
abdomen-based autologous reconstruction and direct-to-
implant (DTT) reconstruction are the most commonly used
breast reconstruction methods, respectively (8,9).

According to the most recent guidelines regarding the
management of hypertension and cardiovascular disease,
including the 2014 American College of Cardiology/
American Heart Association (ACC/AHA) guideline, 2014
European Society of Cardiology/European Society of
Anaesthesiology (ESC/ESA) guidelines, and 2017 Canadian
Cardiovascular Society guidelines, antihypertensive
medication should be continued in the perioperative period
for patients with hypertension undergoing non-cardiac
surgery (10-12). This recommendation was based on the
evidence that continuation of antihypertensive medication
does not increase the risk of adverse postoperative
cardiovascular events and mortality. However, the potential
adverse effects of antihypertensive medication on surgical
complications, such as wound dehiscence, hematoma, and
surgical site infection, were not considered in these guidelines
because there is a lack of clinical evidence on such effects.

Among various classes of antihypertensive medications,
angiotensin receptor blockers (ARBs) have been reported
to decrease skin flap survival (13,14) and deteriorate
wound healing (15,16) in experimental studies. A previous
retrospective study evaluating the effect of antihypertensive
drugs on surgical complications after breast reconstruction
in a single-center cohort has reported that ARB use was
significantly associated with an increased risk of overall
surgical complications in tissue expander reconstruction
and perfusion-related complications in abdomen-based
autologous reconstruction (17). The potential adverse
effects of ARB use on surgical outcomes may have a
clinical significance considering the high prevalence of
hypertension and the fact that ARBs are currently one of
the most widely prescribed antihypertensive medications
(18,19). Hence, this study aimed to evaluate the effect of
ARB use on surgical outcomes in patients undergoing breast
reconstruction using population-based claims data.

We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/gs-21-220).

Methods

This study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This study
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was approved by the institutional review board of Samsung
Medical Center (IRB No. SMC 2019-05-015) and informed
consent was waived because the research involved no more
than minimal risk to the study participants due to the
retrospective nature of the study.

Study population

Patients who underwent breast reconstruction after total
mastectomy between April 1, 2015 and December 31,
2018 were identified from the Health Insurance Review
and Assessment Service (HIRA) database using medical
fee codes. Among these patients, those who underwent
DTI or abdomen-based autologous breast reconstruction
after total mastectomy of the unilateral breast for breast
cancer [C50 or D05 according to the International
Classification of Diseases (ICD)-10 codes] and who were
followed up for a minimum of 3 months postoperatively
were included. Bilateral and contralateral risk-reducing
mastectomy cases were excluded to reduce heterogeneity
of the study population. Abdomen-based autologous breast
reconstruction included the use of pedicled transverse
rectus abdominis myocutaneous flap, free transverse
rectus abdominis myocutaneous flap, muscle-sparing free
transverse rectus abdominis myocutaneous flap, and deep
inferior epigastric artery perforator flap.

To evaluate the antihypertensive medication status,
we determined the prescription duration of each class
of antihypertensive medication within 1 year before
surgery. The medication possession ratio (MPR) of the
antihypertensive drugs was defined as the sum of the
antihypertensive medication prescription duration divided
by the follow-up duration (20). The patients were divided
into four groups according to the diagnosis of hypertension
and MPR of the antihypertensive medications as follows:
ARB, non-ARB, control, and non-hypertension groups.
The ARB and non-ARB group included patients who
were diagnosed with hypertension and treated with
antihypertensive medication with or without ARBs,
respectively. In particular, the ARB group included patients
who were diagnosed with hypertension (I10-115 according
to the ICD-10 codes), had an MPR of >60%, and were
prescribed ARBs. The non-ARB group included patients
who were diagnosed with hypertension, had an MPR
of 260%, and were not prescribed ARBs. Conversely,
the control group included patients diagnosed with
hypertension who were not treated with antihypertensive
medication and who had an MPR of <20%. Patients who
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17,088 Patients who underwent breast reconstruction
after total mastectomy and had at least 3 months of
follow up, April 2015 to December 2018

8,052 Excluded

* 84 Mastectomy owing to causes other than
breast cancer

* 1,050 Bilateral reconstruction

Y

® 6,696 Reconstruction methods other than
direct-to-implant or abdomen-based recon-
struction

® 222 Mean possession ratio of antihyperten-
sive drugs between 20% and 60%

\i

| 9,036 Met the inclusion criteria |

v

v

5,192 Direct-to-implant reconstruction |

| 3,844 Abdomen-based reconstruction

Figure 1 Flowchart of patient selection from the Health Insurance Review and Assessment Service database.

had an MPR between 20% and 60% were excluded. The
non-hypertension group included patients who were not
diagnosed with hypertension. The final cohort consisted
of 9,036 patients, including 5,192 patients who underwent
DTT reconstruction and 3,844 patients who underwent
abdomen-based autologous reconstruction (Figure I). Male
patients were not identified in the study population.

Variables

The following patient characteristics were assessed: age,
presence of diabetes, history of radiotherapy, history of
chemotherapy, Charlson comorbidity index (CCI), and
insurance status. A modified CCI was calculated as the sum
of the overall extent of comorbidities for each patient using
ICD-10 diagnosis codes (21).

Outcome measures

The patients were divided according to the type of
reconstruction method used. The outcomes of interest
were length of hospital stay, surgical complications, and
complication-related medical cost. Data on surgical
complications were collected using Korean Standard
Classification of Diseases (KCD)-7 diagnosis codes for each
surgical complication and medical fee codes for revision
operation, which were claimed within 60 days postoperatively.
The KCD-7 codes for infection, hematoma, wound
complication, and miscellaneous or unspecified surgical
complication and medical fee codes for incision, incision and
drainage, wound closure, skin graft, and flap operation are
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included. Complication-related medical cost was calculated
from the claims for inpatient prescriptions of medication,
laboratory tests, imaging studies, and treatments from the day
after discharge to 90 days postoperatively. Only claims from
the surgery department or plastic surgery department where
the breast reconstruction was performed were included;
claims for postoperative radiotherapy and chemotherapy
were excluded while calculating the complication-related
medical cost.

Data source

As a compulsory insurance system, the Korean National
Health Insurance covers approximately 97% of the entire
50 million population in South Korea, except for those
supported by the National Medical Aid program (22,23).
The HIRA is a government-affiliated organization that
performs claims review for reimbursement for medical
services provided to patients (24). The HIRA database
includes patient records on age, sex, diagnoses, days of
hospitalization, treatments, prescriptions, and medical costs
(25). Information on nearly all individuals in South Korea is
available from the HIRA database because both claims data
covered by the National Health Insurance and National
Medical Aid program are reviewed by the HIRA. The
data used in this study were retrieved from all claims data
registered between April 2014 and March 2019.

Statistical analysis

Continuous variables are presented as means and standard
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deviations or medians and interquartile ranges, while
categorical variables are presented as frequencies and
proportions. Clinical and operative variables were compared
among groups using one-way analysis of variance or the
Kruskal-Wallis test for continuous variables and the chi-
square test or Fisher’s exact test for categorical variables.
Multivariable analyses were performed using multiple
logistic regression to analyze the effect of the diagnosis of
hypertension and antihypertensive medication use on the
outcome variables, reported as adjusted odds ratios (ORs)
with 95% confidence intervals (Cls). A two-sided P value of
<0.05 was considered significant. All analyses were performed
using SAS version 9.4 (SAS Institute, Cary, NC, USA).

Results
DTI reconstruction

A total of 5,192 patients who underwent DTT breast
reconstruction after total mastectomy of the unilateral breast
were evaluated. Among them, 511 patients were diagnosed
with hypertension—346 patients were classified in the
ARB group, 101 patients were classified in the non-ARB
group, and 64 patients were classified in the control group.
The 4,681 remaining patients were included in the non-
hypertension group. Table 1 shows the clinical characteristics
of all four groups. Patients in the ARB group were older and
had a higher incidence of diabetes than those in the control
group. The ARB group had a higher proportion of patients
with a high CCI (=5) than the control group. The incidence
of previous radiotherapy and chemotherapy was lower in
the ARB group than in the control group. The ARB group
included a higher proportion of patients who were covered
by National Health Insurance than the control group. All
clinical variables were significantly different among the four
groups.

Table 2 presents the comparison of outcome variables
among the four groups. The length of hospital stay, surgical
complication rate, and complication-related medical cost
were the highest in the ARB group. The differences in the
length of hospital stay (P<0.0001) and surgical complication
rate (P<0.0001) among the four groups were significant,
while those in the complication-related medical cost were
not (P=0.077). Multivariable analysis showed that ARB use
was significantly associated with an increased risk of surgical
complications (OR, 1.96; 95% CI, 1.09-3.50; P=0.0237)
after controlling for all clinical variables, including age,
presence of diabetes, previous history of radiotherapy,
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previous history of chemotherapy, CCI, and insurance
status (Table 3).

Abdomen-based autologous reconstruction

A total of 3844 patients who underwent abdomen-based
autologous reconstruction after total mastectomy of the
unilateral breast were evaluated. Among them, 453 patients
were diagnosed with hypertension—290 patients were
classified in the ARB group, 96 patients were classified in
the non-ARB group, and 67 patients were classified in the
control group. The 3,391 remaining patients were included
in the non-hypertension group. Tuble 1 shows the clinical
characteristics of all four groups. Patients in the ARB
group were older and had a higher incidence of diabetes
than those in the control group. The ARB group had a
higher proportion of patients with a high CCI (=5) than
the control group. The incidence of previous radiotherapy
and chemotherapy was lower in the ARB group than in
the control group; however, the insurance status did not
differ between the two groups. All clinical variables were
significantly different among the four groups.

Table 2 presents the comparison of outcome variables
among the four groups. The length of hospital stay, surgical
complication rate, and complication-related medical cost
were the highest in the ARB group. The differences in
the length of hospital stay (P=0.0135) and complication-
related medical cost (P=0.0471) among the four groups
were significant, while those in the surgical complication
rate were not (P=0.1873). Multivariable analysis showed
that ARB use was significantly associated with an increased
risk of complication-related medical cost (OR, 1.93; 95%
CI, 1.10-3.40; P=0.0221) after controlling for all clinical
variables, including age, presence of diabetes, previous
history of radiotherapy, previous history of chemotherapy,
CCI, and insurance status (Tuble 3).

Discussion

This study evaluated the effect of antihypertensive
medication use on outcomes of DTT breast reconstruction
and abdomen-based autologous breast reconstruction using
population-based claims data; we found that ARB use was
significantly associated with an increased risk of the surgical
complications in DT reconstruction and complication-
related medical cost in abdomen-based autologous
reconstruction.

Angiotensin II is a peptide hormone that plays important
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Table 1 Clinical characteristics of the four study groups

Variables Overall ARB Non-ARB Control Non-hypertension P value

Direct-to-implant reconstruction

Number of cases 5,192 346 101 64 4,681
Age, mean + SD, years 47.0+8.6 56.0+8.0 57.4+8.9 48.7+9.3 46.1+8.1 <0.0001
Diabetes, n (%) 267 (5.1) 91 (26.3) 9(8.9) 34.7) 164 (3.5) <0.0001
Previous radiotherapy, n (%) 770 (14.8) 46 (13.3) 8(7.9) 17 (26.6) 699 (14.9) 0.0094
Previous chemotherapy, n (%) 1,108 (21.3) 56 (16.2) 26 (25.7) 23 (35.9) 1,008 (21.4) 0.0020
CCl

0 713 (13.7) 22 (6.4) 4 (4.0) 3(4.7) 684 (14.6) <0.0001

1 355 (6.8) 20 (5.8) 4 (4.0) 5(7.8) 326 (7.0)

2 1,945 (37.5) 77 (22.3) 27 (26.7) 9 (14.1) 1,832 (39.1)

3 1,165 (22.4) 79 (22.8) 32 (31.7) 22 (34.4) 1,032 (22.0)

4 471 (9.1) 48 (13.9) 14 (13.9) 13 (20.3) 396 (8.5)

>5 543 (10.5) 100 (28.9) 20 (19.8) 12 (18.8) 411 (8.8)

Insurance status

National Health Insurance 5,099 (98.2) 335 (96.8) 97 (96.0) 61 (95.3) 4,606 (98.4) 0.0111
National Medical Aid 93 (1.8) 11 3.2) 4 (4.0) 34.7) 75 (1.6)
Abdomen-based autologous
reconstruction
Number of cases 3,844 290 96 67 3,391
Age, mean + SD, years 48.7+7.5 54.6+6.7 55.4+6.5 49.8+7.9 48.0+7.3 <0.0001
Diabetes, n (%) 236 (6.1) 62 (21.4) 19 (19.8) 6 (9.0 149 (4.4) <0.0001
Previous radiotherapy, n (%) 862 (22.4) 60 (20.7) 12 (12.5) 27 (40.3) 763 (22.5) 0.0004
Previous chemotherapy, n (%) 1,369 (35.6) 90 (31.0) 24 (25.0) 34 (50.7) 1,221 (36.0) 0.0025
CCl
0 236 (6.1) 10 (3.4) 7(7.9) 3 (4.5 216 (6.4) <0.0001
1 142 (3.7) 12 (4.1) 9(9.4) 1(1.5) 120 (3.5)
2 1,516 (39.4) 72 (24.8) 18 (18.8) 13 (19.4) 1,413 (41.7)
3 1,003 (26.1) 67 (23.1) 18 (18.8) 21 (31.3) 897 (26.5)
4 462 (12.0) 54 (18.6) 21 (21.9) 14 (20.9) 373 (11.0)
>5 485 (12.6) 75 (25.9) 23 (24.0) 15 (22.4) 372 (11.0)
Insurance status
National Health Insurance 3,749 (97.5) 277 (95.5) 92 (95.8) 64 (95.5) 3,316 (97.8) 0.0287
National Medical Aid 95 (2.5) 13 (4.5) 4(4.2) 3(4.5) 75 (2.2)

ARB, angiotensin receptor blocker; SD, standard deviation; CCl, Charlson comorbidity index.
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Table 2 Comparison of the outcome variables among the four study groups
Outcome variables ARB Non-ARB Control Non-hypertension P value
Direct-to-implant reconstruction
Length of hospital stay*, mean + SD, days 16.0+8.7 14.4+£7.5 14.5+10.5 13.7£7.2 <0.0001
Surgical complication, n (%) 175 (50.6) 44 (43.6) 20 (31.3) 1,770 (37.8) <0.0001
Complication-related medical cost, median (IQR), USD 374 (81-2,054) 169 (66-993) 237 (78-941) 263 (84-1,411) 0.077
Abdomen-based autologous reconstruction
Length of hospital stay*, mean + SD, days 12.2+9.0 11.5+£5.9 10.0+4.2 11.1£5.8 0.0135
Surgical complication, n (%) 100 (34.5) 25 (26.0) 17 (25.4) 987 (29.1) 0.1873
Complication-related medical cost, median (IQR), USD 229 (82-929) 177 (69-823) 113 (60-464) 166 (77-655) 0.0471

ARB, angiotensin receptor blocker; SD, standard deviation; IQR, interquartile range; USD, United States dollar. *Calculated as the sum of

reimbursed inpatient days.

Table 3 Multivariable analyses of outcome variables

ARB Non-ARB Non-hypertension
Outcome variables Type 3 P value
OR (95% Cl) P value OR (95% Cl) P value OR (95% Cl) P value
Direct-to-implant reconstruction
Length of hospital stay* 1.28 (0.74-2.23) 0.3765 0.85(0.45-1.61) 0.6144 1.17 (0.71-1.95) 0.5365 0.3150
Surgical complication 1.96 (1.09-3.50) 0.0237 1.54 (0.79-3.01) 0.2095 1.50 (0.88-2.58) 0.140 0.0665
Complication-related medical cost 1.22 (0.70-2.12) 0.4867 0.88(0.46-1.68) 0.6976 1.17 (0.70-1.94) 0.546 0.5056
Abdomen-based autologous reconstruction
Length of hospital stay* 1.69 (0.87-1.25) 0.1188 1.60(0.76-3.38) 0.2148 1.51(0.82-2.78) 0.1880 0.4679
Surgical complication 1.51(0.81-2.76) 0.1963 1.01(0.49-2.10) 0.9708 1.32(0.75-2.32) 0.3336 0.360
Complication-related medical cost 1.93 (1.10-3.40) 0.0221 1.41(0.73-2.73) 0.3076 1.46 (0.87-2.45) 0.1503 0.068

Reference-control group. ARB, angiotensin receptor blocker; OR, odds ratio; Cl, confidence interval. *Calculated as the sum of reimbursed

inpatient days.

roles in blood pressure regulation and salt-water homeostasis
(26). ARBs act by selectively blocking angiotensin II type
1 receptor (AT1R), and clinical evidence suggests that
they have cardiovascular, cerebral, and renal protective
effects (27). In contrast, several experimental studies have
demonstrated that angiotensin II-AT1R signaling plays a
crucial role in wound healing and angiogenesis (26), and
inhibition of AT1R by ARBs can cause decreased wound
healing by inhibiting re-epithelialization, dermal repair,
and angiogenesis (16) and reduced wound tensile strength
by inhibiting collagen synthesis and deposition (15,28). In
addition, treatment with ARBs has been demonstrated to
cause massive graft loss after meshed split-thickness skin
grafting in a porcine full-thickness burn wound model (29).
Based on the findings of previous experimental studies, we
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previously conducted a comparative analysis of the effects of
various antihypertensive drugs on perfusion of a perforator
flap in a rat model and found that the skin flap survival
area was different according to the type of antihypertensive
drug administered; the survival was the lowest in ARB-
treated rats (14). We also conducted a retrospective clinical
study on the effect of antihypertensive drugs on outcomes
of breast reconstruction and found that ARB use was
significantly associated with an increased risk of surgical
complications after breast reconstruction (17). The findings
of our previous clinical study regarding the effect of ARB
use on surgical complications in the clinical setting were
consistent with those of previous studies using experimental
models (13-16,28,29), despite the discrepancy in the dose
and administration period of ARBs; the dose of ARBs was
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higher in experimental models (29,30), and chronic use of
ARBs was predominant in human subjects (17).
Hypertension is a well-known risk factor for surgical
complications in various surgeries, including breast
reconstruction (31,32), joint replacement surgery (33-35),
debulking cytoreductive surgery for ovarian cancer (36),
and radical cystectomy (37). It has been also associated
with increased anastomotic leaks after intestinal operation,
including ileocolic anastomosis, esophagectomy,
liver transplantation, and gastrectomy (38-42). The
association between hypertension and the development
of surgical complications is unclear; however, decreased
microvasculature and underlying atherosclerosis due to
hypertension have been suggested as causes for increased
surgical complications (27,32,37,39,40,42). Our study
results suggest that antihypertensive drugs can also cause
increase the risk of surgical complications in patients with
hypertension. Antihypertensive drugs do not have neutral
effects on wound healing, and various classes of these drugs
might affect key components in wound healing (43).
Among the various classes of antihypertensive drugs,
including beta-blockers, calcium channel blockers, diuretics,
angiotensin-converting enzyme inhibitors, and ARBs, ARBs
had been prescribed the least in the early 2000s. However,
the prescription of ARB increased the most between 2001
and 2010, accounting for >20% of all antihypertensive
medications in the USA (18,19). According to the most
recent guidelines regarding perioperative antihypertensive
management in patients undergoing non-cardiac
surgery, ARBs should be continued in the perioperative
period. The 2014 ACC/AHA guideline suggests that
continuation of ARBs perioperatively is reasonable (10).
Meanwhile, the 2014 ESC/ESA guideline and the 2017
Canadian Cardiovascular Society guideline recommend
perioperative discontinuation of ARBs starting 24 hours
before surgery according to the risk of intraoperative
hypotension; however, these guidelines also suggest that
ARBs should be resumed after surgery if the patient is
hemodynamically stable (11,12). However, we doubt the
safety of perioperative ARB use with regard to surgical
complications, which was not considered in the current
guidelines, based on the results of our study and previous
studies that ARB use could increase surgical complications.
Clinicians should then consider cessation or replacement
of ARBs with other classes of antihypertensive medication
during the perioperative period based on the consideration
of the type of surgery and other comorbidities in the
patient. In patients undergoing breast reconstruction, the
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authors recommend preoperative cessation or replacement
of ARBs, or preoperative consultation to cardiologists in
patients who have comorbidities, because several different
classes of antihypertensive medications could easily replace
ARB except for some specific indications for ARB. Further
studies are necessary to evaluate the validity of the cessation
or replacement of ARBs and establish standardized
protocols for perioperative antihypertensive management in
patients prescribed ARBs.

An important implication of this study is the possibility
that the results might be generalized into other surgical
fields. In breast reconstruction, a large area of soft tissues
is removed or elevated; thus, the overlying skin flap is
put under temporary reduced perfusion, which can cause
perfusion- and surgical wound-related complications.
We selected breast reconstruction as our study focus
to evaluate the effect of ARB use on surgical outcomes
because complications could easily develop in wounds
with a high burden of healing (17). It can be inferred
that other surgeries that have similar characteristics as
breast reconstruction in the aspect of tissue perfusion
can yield similar results. Surgeries that combine massive
undermining of soft tissues or cause circulatory compromise
at the incisional margin or anastomosis site could be good
candidates for further research to evaluate the impact of
ARB use on surgical outcomes.

This study has several limitations. First, some clinical and
surgical variables that could affect surgical complications
were not evaluated in this study, including body mass index,
smoking history, type of mastectomy, and mastectomy
specimen weight, because the nationwide claims database
does not include such data. Instead, CCI, which has been
demonstrated as a predictor for surgical outcomes, was
used in the multivariable analysis to adjust confounding
variables in this study (44-46). Second, some patients who
were prescribed ARBs but did not take ARBs could have
been classified into the ARB group because the study
groups were divided according to medication prescription
duration and not according to medication use. Therefore,
the effect of ARB use on surgical outcomes could have
been underestimated. Third, several reconstruction
methods using abdominal flaps were combined into a
single abdomen-based autologous reconstruction owing to
the small sample size of each subgroup. Lastly, the HIRA
database was not designed for research purposes; it has been
designed for reimbursement for claims. There could also be
discrepancies between the disease or treatment codes and
the actual development of complications.
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Conclusions

Our study findings suggest that perioperative use of ARBs
as antihypertensive medication might be associated with
adverse postoperative breast reconstruction outcomes.
Considering that the current guidelines regarding
perioperative antihypertensive management do not reflect
the potential effect of ARB use on surgical complications,
further clinical studies are warranted to confirm the
association between perioperative administration of ARBs
and surgical outcomes.
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