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Abstract

Background: Venous thromboembolism (VTE) is a significant cause of morbidity and mortality, particularly in the postoperative setting. Various
risk stratification schema exist in the plastic surgery literature, but do not take into account variations in procedure length. The putative risk of VTE
conferred by increased length of time under anaesthesia has never been rigorously explored. Aim: The goal of this study is to assess this
relationship and to benchmark VTE rates in plastic surgery. Methods: A large, multi-institutional quality-improvement database was queried for
plastic and reconstructive surgery procedures performed under general anaesthesia between 2005-2011. In total, 19,276 cases were abstracted from
the database. Z-scores were calculated based on procedure-specific mean surgical durations, to assess each case’s length in comparison to the mean
for that procedure. A total of 70 patients (0.36%) experienced a post-operative VTE. Patients with and without post-operative VTE were compared
with respect to a variety of demographics, comorbidities, and intraoperative characteristics. Potential confounders for VTE were included in a
regression model, along with the Z-scores. Results: VTE occurred in both cosmetic and reconstructive procedures. Longer surgery time, relative to
procedural means, was associated with increased VTE rates. Further, regression analysis showed increase in Z-score to be an independent risk
factor for post-operative VTE (Odds Ratio of 1.772 per unit, p-value < 0.001). Subgroup analyses corroborated these findings. Conclusions: This
study validates the long-held view that increased surgical duration confers risk of VTE, as well as benchmarks VTE rates in plastic surgery
procedures. While this in itself does not suggest an intervention, surgical time under general anaesthesia would be a useful addition to existing risk

models in plastic surgery.
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Introduction

The last decade has witnessed a sustained interest in the causes
and prevention of venous thromboembolism (VTE). In the
postoperative setting, venous thromboembolism is a multifac-
torial process that includes both deep venous thrombosis (DVT)
and pulmonary embolism (PE). While it is unclear if VTE is
entirely preventable, it is a significant cause of excess morbidity,
mortality, and cost [1,2]. VTE incidence among plastic surgery
patients has been reported at 1-2% in a hospital setting, or an
estimated 33,000 patients per year [3,4]. However, this carries
tremendous variability among procedure types, with incidence
of VTE ranging from less than 0.5% to greater than 7% in
procedure-specific cohorts [5,6]. Further, high rates of occult
DVTs and PEs have been reported in both general and plastics-
specific cohorts [7,8]. The often asymptomatic nature of DVT,
coupled with the devastating results of progression to PE,
emphasise the role of prophylaxis over therapy in VTE. Calls
to reduce incidence of VTE have come from the Centers for
Medicare and Medicaid Services, the American Society of
Plastic Surgeons, and others [9,10].

Current approaches to stratifying patients by risk take into
account varying combinations of both patient and procedural
characteristics. Individualised risk assessment models (RAM),
such as the Rogers Score and the Caprini Score, have been

created and repeatedly validated in both general and plastic
surgery cohorts [1,11,12]. While acknowledging the validity of
individualised RAMs, the American College of Chest Physi-
cians has advocated a more procedure-focused strategy [2,13].
Moreover, the Caprini score has been recreated and revalidated,
in the form of the Davison-Caprini score, in order to specifically
address the plastic and reconstructive surgery population [3,14].

Time under general anaesthesia is a putative risk factor that is
inadequately addressed by existing risk models. The Rogers
score does not take surgical time into account at all, while the
Caprini score takes it into account only insofar as a surgery
longer than 45 minutes is defined as “major” [15]”. While
prolonged time under anaesthesia has been described as a risk
factor for VTE in multiple cohorts [16,17], the details of this
relationship have not been probed in the plastic and reconstruc-
tive surgery literature. Plastic surgery has led other surgical
specialties in its utilisation of outpatient surgery, and is unique
in that many procedures (i.e. cosmetic) are not covered by
traditional health insurance, and are, thus, directly paid for
by the patient. Given these unique considerations, a targeted
analysis of anaesthesia duration and VTE risk is warranted. The
current study uses the American College of Surgeons’ National
Surgical Quality Improvement Program (ACS-NSQIP) to carry
out a robust statistical analysis of plastic and reconstructive
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surgery patients, with the goals of both benchmarking the
incidence of VTE and elucidating the role of surgical time in
this potentially devastating outcome.

Methods

Data acquisition and patient selection

The ACS-NSQIP registry is a nationally validated, risk-adjusted
surgical outcomes database, aimed at measuring and improving
the quality of care delivered to surgical patients throughout the
US. Data collection methods for the NSQIP registry are fully
described in the user guide [18]. These data are independently
abstracted by trained surgical nurses and are subject to random
audits, providing a high quality, standardised database that has a
demonstrated disagreement rate of less than 1.8% [3].

The NSQIP database was retrospectively reviewed to obtain
data on all patients undergoing plastic surgery procedures under
general anaesthesia from 2005-2011. From the 1,777,035
patients included in the ACS-NSQIP registry between 2005—
2011, a total of 344,180 patients with a non-general anaesthesia
type or an unlisted anaesthesia time were eliminated. Of the
remaining 1,432,855 patients, those undergoing a plastic sur-
gery procedure were identified by the “Surgical Specialty”
variable.

Outcomes and risk adjustment variables
The primary outcome of interest was 30-day venous thrombo-
embolism (VTE). VTE was defined as the occurrence of DVT
and/or PE. In NSQIP, a DVT is confirmed by duplex ultrasound,
venogram or CT scan. A diagnosis of pulmonary embolism
requires a V-Q scan interpreted as high probability of pulmonary
embolism, a positive CT scan (spiral or angiogram), trans-
oesophageal echocardiography, or pulmonary arteriogram.
Other variables collected by NSQIP include demographic
data, clinical characteristics, medical comorbidities, and anaes-
thesia time. Demographic data included age, BMI, and gender.
Clinical characteristics included outpatient status, active smok-
ing, prior operation within 30 days, pre-operative exposure to
chemotherapy or radiation, steroid use, ASA level 3, 4, or 5, and
emergent procedures. Medical comorbidities include: diabetes,
hypertension, chronic obstructive pulmonary disorder (COPD),
congestive heart failure (CHF), dyspnea, previous stroke or
transient ischaemic attack (TIA), previous percutaneous coro-
nary intervention (PCI) or cardiac surgery, and bleeding dis-
orders. The Z-score for anaesthesia time was calculated for each
patient relative to the mean for his/her respective US Current
Procedural Terminology (CPT) code. CPT codes are used in the
US to identify specific procedures, for reimbursement and
tracking purposes. Z-scores are an established statistical tech-
nique of calculating a give value’s difference from a mean, in
terms of standard deviations from the mean. In this study, the Z-
score represents the number of standard deviations from the
mean duration of the index procedure, regardless of the absolute
value of that duration. In other words, a higher Z-score means
more time spent under anaesthesia compared to other patients
undergoing the same operation. This methodology allows for
comparison of patients undergoing procedures with intrinsic
differences in duration to be compared on the basis of their
relative time under anaesthesia.

Statistical analysis

Descriptive statistics were calculated for the study population
using Pearson’s chi-square or Fisher’s exact tests for categorical
variables and student r-tests for quantitative variables. Inci-
dences of VTE across intervals defined by both time and Z-
score were assessed. Additionally, a Mann-Whitney U-test was
performed on procedures that were listed as “outpatient” to
determine the difference in mean anaesthesia Z-score between
outpatients with and without VTE. The entire study population
was analysed with multivariate logistic regression to control for
potential confounding variables and to identify the impact of the
Z-score for anaesthesia time as an independent risk factor for a
VTE. Patient demographics, clinical characteristics, and comor-
bidities underwent bivariate screening using Pearson’s chi-
square and independent #-tests for categorical and continuous
variables, respectively. Variables from Table I with a signifi-
cance value of p < 0.2 were included in the regression models.
To improve model precision, variables with fewer than 10 events
were excluded [19]. Additionally, the sum of the relative value
units (RVUs) for additional procedures were also used to adjust
for added complexity and concurrent procedures, as has been
described previously [20,21]. RVUs are set by the US Center for
Medicare and Medicaid Services, and are intended to represent
the relative complexity and difficulty of a given procedure.
Hosmer-Lemmeshow (HL) and C-statistics were computed to
assess model calibration and discrimination [22].

Results

Cohort characteristics

Of the 19,276 patients identified as having undergone a plastic
surgery procedure under general anaesthesia between 2005—
2011, 70 (0.36%) experienced a VTE within 30 days of the
operation. Table I shows a comparison of patients with vs without
a post-operative VTE. The two cohorts were significantly differ-
ent with respect to demographic information, comorbidities, and
clinical characteristics. Patients who experienced a VTE were on
average older (48 years vs 54 years, p=0.002), had a higher BMI
(28.4 vs 31.0, p =0.003), and had a greater number of comorbid
conditions (Table I). Hypertension, steroid use, prior operation
within the past 30 days, inpatient status, and ASA class of 3, 4, or
5 were all more common in the VTE cohort. The two cohorts did
not differ with respect to gender, active smoking, preoperative
chemotherapy or radiation exposure, positive history of bleeding
disorders, previous PCI or cardiac surgery, or previous stroke or
TIA. On average, patients with post-operative VTE had longer
anaesthesia times (316 min vs 194 min, p < 0.001).

Venous thromboembolism
The incidence of VTE across hour-long intervals is represented
in Figure 1. Incidence was highest in the longest interval,
representing procedure durations greater than 5 hours (34 cases,
or 1.30%). The incidence of VTE within each of the remaining
intervals was lower than the population mean (0.36%).
Controlling for differences in the mean anaesthesia time
among surgical procedures, 43 (61.4%) of the patients with a
VTE experienced anaesthesia times longer than the mean for
their respective CPT code (i.e. Z > 0). Distribution of VTE
occurrences across Z-score intervals is shown in Table II. Each
successive Z-score interval, representing high surgical duration
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Table I. Patient demographics and clinical characteristics.

Anaesthesia duration and VTE risk in plastic surgery 3

No VTE (n = 19,206) VTE (n = 70)

(99.64%) (0.36%) p-value
Age (years)* 48.1 (38, 58) 53.7 (44.5, 64) 0.002
BMI (kg/m?)* 28.4 (23.5, 31.8) 31.0 (24.3, 37.2) 0.003
Gender (% male) 19.50% 27.14% 0.107
Active smoker 17.20 12.86% 0.336
Diabetes 7.73% 11.43% 0.247
Hypertension* 26.11% 48.57% < 0.001
COPD* 1.57% 571% 0.025
CHF* 0.24% 4.29% 0.001
Dyspnea* 3.42% 10.00% 0.003
Previous stroke or TIA 4.94% 1.43% 0.264
Previous PCI or cardiac surgery 5.86% 7.14% 0.606
Bleeding disorder 1.71% 2.86% 0.338
Steroid use* 1.55% 10.00% < 0.001
Chemotherapy within 30 days 1.98% 4.29% 0.162
Radiotherapy within 90 days 0.44% 1.43% 0.270
Prior operation within 30 days* 4.66% 20.00% < 0.001
ASA class* < 0.001

lor2 77.16% 44.29%
3,4,0r5 22.84% 55.71%

Emergency procedure 2.60% 0.00% 0.267
Outpatient procedure* 70.38% 24.29% < 0.001
Anaesthesia time (minutes)* 194 (112, 239) 316 (175, 358) < 0.001

*Represents statistical significance at the 0.05 level.

Continuous variables given as: mean (25th percentile, 75th percentile).COPD = chronic obstructive pulmonary disorder; CHF = congestive heart failure;

TIA = transient ischaemic attack; PCI = percutaneous cardiac intervention.

relative to procedural mean, had a higher rate of VTE than the
last. This trend is depicted in Figure 2.

Venous thromboembolism occurred in cases with 20 different
primary CPT codes. The majority of these procedures had only
one or two occurrences. However, procedures 15830, 19318,
15734, 19367, and 15847 each represented greater than two
occurrences. Procedural descriptions and incidence rates for
each of these codes is presented in Table III.

In total, 13,535 outpatient cases were isolated for indepen-
dent analysis. Overall VTE incidence in this cohort was
17 (1.3%). Cases with postoperative VTE had a mean Z-score
of 0.31, while those without had a mean Z-score of 0.00, in
keeping with the trend in the population as a whole. However,
this difference failed to reach statistical significance (p = 0.166)

Multivariable analysis

Potential confounding variables screened for risk adjustment
included patient demographics, comorbidities, and clinical char-
acteristics. After adjusting for potential confounders, each stan-
dard deviation (Z-score unit) above the mean anaesthesia time
for a given CPT code was found to increase the odds of a VTE
by 77.2% (p < 0.001). Table IV compares the odds ratio for the
Z-score of anaesthesia time before and after adjustment with the
relevant confounding variables. The adjusted odds ratio repre-
sents the ultimate verification of the relationship seen in Figures
1 and 2, showing an increase in VTE risk with increased
duration relative to procedural mean, independent of procedure
type and patient characteristics.

Discussion

Venous thromboembolic disease continues to be a major cause
of post-operative morbidity and mortality across all surgical
fields. Post-thrombotic syndrome, a constellation of symptoms
that develops in 20-30% of patients within 5 years of a DVT
[23,24], was found by Khan et al. [25] to be a major predictor of
low quality-of-life. Progression to PE portends even worse
outcomes, with a 10% death rate within the hour if symptomatic,
and 50% incidence of right ventricular dysfunction among
survivors [26]. Additionally, VTE is being used as a quality
indicator, which will impact future hospital reimbursement

[27,28]. Plastic surgery, although among the safest of
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Figure 1. Incidence of VTE Across 1 hour Intervals. As general
anesthesia time increases, the incidence of venous thromboembolism
tends to increase as well.
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Table II. VTE incidence by Z-score category.

Z-score
Interval Z<-10 —-1<Z<-0.50 -050<272<0 0<7Z2<0.50 050<Z<1.0 Z2>21.0
Total n 2027 4506 4625 3149 2098 2636
VTE occurrences 4 11 13 9 11 21
VTE frequency 0.20% 0.24% 0.28% 0.29% 0.52% 0.80%

specialties, is not left untouched. In fact, the unique volume of
outpatient and elective procedures in this field makes this issue
more complex, and demands ever-more rigorous risk-stratifica-
tion. A recent survey found that 4-7% of plastic surgeons have
experienced a patient death due to post-operative pulmonary
embolism [29].

VTE incidence in plastic surgery

A causative link between surgical duration and medical com-
plications has been well-established in the plastic and recon-
structive surgery literature [30]. Further, increased duration has
been specifically linked to VTE and other thrombotic complica-
tions, both in plastic surgery and other fields [31,32]. However,
a thorough quantitative analyses of this link has not been
performed. Specifically identifying those patients who are at
an increased risk for VTE using the Z-score will allow surgeons
to more appropriately institute preventative measures for VTE
than simply looking at absolute surgical duration. A better
understanding of the VTE risk associated with varying surgical
duration will aid in the perioperative management and risk
stratification of patients. The robust NSQIP cohort allows for
the largest and most detailed analysis of this relationship in
plastic and reconstructive surgery patients.

Previous studies have displayed widely divergent rates of
VTE among plastic surgery procedures. Reinisch et al. [5], in a
year-long series of nearly 10,000 face lifts, reported a DVT
incidence of 0.35%, and a PE incidence of 0.14%. At the other
end of the spectrum, post-bariatric patients undergoing body-
contouring procedures are at significantly increased risk, with
incidence of VTE reported as high as 5.7-9.6% [9,33]. A recently
published study also used the 2005-2011 NSQIP dataset, and
extracted all mastectomies and immediate breast reconstruction
patients [8]. It identified a total of 48,634 patients undergoing
mastectomy, with 37% undergoing breast reconstruction
(~18,000 patients), and found that immediate breast reconstruc-
tion and obesity were risk factors for VTE. However, their study
only examined mastectomy and breast reconstruction patients (vs
all types of plastic surgical patients), and did not evaluate the
risks of surgical duration on VTE. The current study finds the
incidence of VTE across plastic surgery procedures to be 0.36%,
at the low end of the literature range. Stratification of patients by
length of procedure, as shown in Figure 1, yields an upward trend
in VTE incidence with surgical duration. This association is
logical, as operative time has been called a surrogate for surgical
complexity [31], and a hallmark of VTE risk is significant
interprocedural variability [34]. We further applied statistical
analysis to validate and quantify this association.

Statistical analysis and results
While our group has previously done analyses of the relation-
ship between complication rates and increased surgical duration,

one of the main criticisms of this methodology is the fact that
longer procedures are likely more complex, more invasive, and,
thus, intrinsically more dangerous [32]. The initial step of the
current analysis provides a novel way to compare inherently
different operations. Z-scoring allows VTE incidence to be
compared over time, independent of normal variation intrinsic
to procedural differences. The results of this grouping provide a
more convincing and statistically rigorous trend, as depicted
in Figure 2. The regression analysis validates this relationship,
by controlling for patient-specific confounders. Specifically,
each one-point increase in Z-score relative to the mean duration
translates to a 77.2% increase in odds of VTE, independent of
other factors in the regression analysis such as total RVU,
comorbidities, etc.

Clinical implications

Caprini risk scoring has been validated in plastic surgery, but
there have not been many investigations into de novo associa-
tions between risk factors and incidence of VTE in plastic and
reconstructive surgical procedures [8,35,36]. The content of the
Caprini risk scoring system, with specific application to plastic
surgery, is available free of charge online [37]. Specific cohorts
which have been evaluated include body contouring, burn, and
facelift patients. However, data from these reviews is limited,
and lacks the comprehensive, prospective nature of the NSQIP
database. Our group recently found an increased risk of VTE
with increasing surgical duration in a study of over 1.4 million
patients between 2005-2011 (data not shown). The current
study verifies this finding, in a large cohort specific to plastic
surgeons.

The results of the current study verify the intuitive view that
increased time under general anaesthesia increases the risk of
VTE in plastic surgery procedures done in a hospital setting.
More importantly, they assign a number to that increased risk.
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Figure 2. Incidence of VTE across Z-Score Intervals. As general
anesthesia increases relative to the mean for a given procedure, the
incidence of venous thromboembolism increases.
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Table III. VTE incidence by procedure.

Anaesthesia duration and VTE risk in plastic surgery 5

VTE VTE Duration™

CPT code Procedure description occurrences™ frequency (minutes)
15830 Excision, excessive skin and subcutaneous tissue (includes 9 0.78% 243 (98)

lipectomy); abdomen, infraumbilical panniculectomy
19318 Reduction mammaplasty 8 0.23% 225 (76)
15734 Muscle, myocutaneous, or fasciocutaneous flap; trunk 6 1.61% 242 (134)
19367 Breast reconstruction with transverse rectus abdominis 6 2.62% 368 (139)

myocutaneous flap (TRAM), single pedicle, including

closure of donor site
15847 Excision, excessive skin and subcutaneous tissue (includes 4 1.08% 244 (97)

lipectomy), abdomen (e.g. abdominoplasty) (includes

umbilical transposition and fascial plication)

* The remaining 29 VTEs in the study population were distributed among several other procedures.

[] Reported as mean (standard deviation).

While this finding by no means obviates the need for accurate
risk assessment models and prophylaxis guidelines, it provides a
benchmark with everyday clinical implications. For example,
the “highest-risk” group in a paper by Seruya et al. [3], utilising
a modified Caprini model, demonstrated a VTE incidence of
7.5%. Using this value as a baseline risk, the results suggest that
a patient whose procedure takes 1 SD longer than the mean
would have a post-operative risk of 12.6%. For example, while
the baseline risk for VTE after a pedicled TRAM for breast
reconstruction is 2.62%, for a patient whose procedure lasts
longer than 1 SD than the mean (i.e. 507 minutes; Table III), her
risk is 5.24%. This information is more specific, and more useful
that simply treating all patients who have had surgery longer
than 5 hours with increased suspicion for VTE (Figure 1).
Furthermore, this increase in odds holds across procedures
and patients. In other words, the increase in VTE risk is true
whether performing a simple tissue expander placement or a
bilateral free TRAM flap reconstruction; and whether the patient
is a young healthy patient or an elderly patient with multiple
comorbidities.

The findings are particularly important in the context of
cosmetic procedures, in which each additional thromboprophy-
lactic measure represents more out-of-pocket costs to the
patient. Cosmetic procedures have their own inherent risks,
as indicated in Table III, where three of the top five procedures
by VTE incidence are cosmetic. Ultimately, the current study
does not suggest that lengthy procedures be avoided, but that
procedure length be taken into account in conjunction with
existing risk models and patient-specific factors when consid-
ering thromboprophylaxis and post-operative clinical suspicion
of VTE. In addition, such patients may be considered candidates
for more aggressive DVT prophylaxis, such as TID heparin,
lovenox, or other agents. This is true whether considering the
difference between a short procedure and a longer one, or the
time difference between a resident and a more experienced
surgeon performing the same procedure. Time under anaesthesia
is a useful and easily measurable addition to the robust risk
models already in use in the plastic surgery community, and
could yield further targeting of intervention.

Study limitations
There are a number of limitations to the current study. NSQIP
tracks complications for only 30 days after the operation. While

VTE risk peaks at 19 days after surgery [37], it has been shown
to remain elevated for up to 12 weeks [12,38,39]. Additionally,
although hospitals enrolled in a national quality improvement
programme would be expected to have high rates of adherence
to standard prophylaxis regimens, these are not explicitly
tracked within the NSQIP database and thus cannot be included
for analysis in our models.

While it provides a robust dataset for a variety of specialties,
NSQIP is not designed to capture the large number of plastic
surgery procedures performed at outpatient surgery centres.
Over 13,000 outpatient procedures were included in the initial
sample abstracted from the NSQIP database. However, sub-
group analysis of these showed that there were only 17 incidents
of VTE among them. Thus, despite mean Z-scores suggestive of
the same trend seen in the total population, meaningful statistical
analysis could not be performed. Similarly, the low incidence of
VTE in any given procedure precluded subgroup analysis of
those patients. In addition, particular procedures may be under-
represented, while others are over-represented. The Tracking
Operations and Outcomes for Plastic Surgeons (TOPS) database
is a large clinical database maintained by members of the
American Society of Plastic Surgeons [40]. Another study of
the relationship between surgical time and VTE incidence using
the TOPS database would provide a critical validation of our
findings in plastic surgery performed outside of a hospital
setting.

Finally, no statistical analysis can control for unmeasured
variables. While the authors attempted to control for surgical
complexity by including RVU’s and patient characteristics in
the regression, unquantifiable variables such as anatomic or
pathologic differences from one case to the next could not be
controlled. It is the view of the authors that surgical duration,
even if simply a surrogate for immeasurable intraoperative

Table IV. Odds ratios for Z-score on the incidence of venous
thromboembolism.

Odds H-L

ratio 95% CI p-value  statistic ~ c-statistic
Unadjusted 1.388 1.167-1.649 < 0.001  0.005 0.620
Adjusted* 1.772  1.290-2.435 < 0.001  0.126 0.903

* Variables for adjustment were selected through a bivariate screen. Variables
with a p-value < 0.20 and n = 10 were included in the model.
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variables, is a useful and easily measurable risk factor that
should be taken into account.

Conclusions

Analysis of over 19,000 plastic surgery patients from the
prospectively-maintained ACS-NSQIP database yielded a sig-
nificant upward trend in VTE incidence relative to surgical
duration. Multivariable logistic regression substantiated this
finding, showing increased general anaesthesia duration relative
to their respective procedural means to be a statistically signif-
icant, independent risk factor for post-operative VTE. This study
confirms and quantifies the widely held belief that increased
periods of general anaesthesia are associated with an increased
risk of venous thromboembolism. While this is not the basis for
specific treatment guidelines, it provides a useful benchmark for
future VTE risk reduction initiatives. Further, it suggests that
surgical duration should be taken into account when assessing a
patient’s risk for VTE following plastic surgery procedures.
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