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Abstract

Objectives Venous thromboembolism (VTE) is still considered to be a significant medical issue. Physical measures to pre-
vent perioperative venous thrombosis include early mobilization and intermittent pneumatic compression (IPC). The aim of
this study was to evaluate whether IPC can reduce the incidence of postoperative thromboembolic events in patients with
oral squamous cell carcinoma (OSCC) undergoing maxillofacial surgery.

Materials and methods Between March 2020 and May 2021, 75 patients with OSCC who did not receive perioperative pro-
phylaxis using IPC were retrospectively examined to determine the occurrence of postoperative thromboembolism. Accord-
ingly, 79 patients who received perioperative thrombosis prophylaxis using an IPC system as part of surgical tumor therapy
from May 2021 to September 2023 were included in the study. The primary outcome measure was the occurrence of post-
operative thromboembolism.

Results In the control group without IPC, thromboembolic events were observed in five out of 75 patients during postop-
erative hospitalization. In the intervention group, no thromboembolic occurrences were identified among the 79 patients
studied (p =0.02). The mean Caprini score in the control group was 7.72, whereas in the intervention group it averaged 8.30
(p=0.027).

Conclusions The implementation of IPC-devices as supplementary perioperative thrombosis prophylaxis resulted in a nota-
ble decrease in postoperative venous thromboembolism (Number Needed to Treat=15), which is why implementation of the
system as a regular part of the clinical routine for perioperative management of OSCC patients can be considered a sensible
approach.

Clinical relevance The use of IPC enhances patient outcomes and may lead to improved postoperative care protocols in this
high-risk patient population.

Keywords Thrombosis - Pulmonary embolism * Pneumatic compression - Oral squamous cell carcinoma - Oral and
maxillofacial surgery
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VTE Venous thromboembolism

DVT Deep vein thrombosis

PE Pulmonary Embolism

IPC Intermittent pneumatic compression

OSCC Oral squamous cell carcinoma

>4 P. Romer o . LMWH Low-molecular-weight heparin

paul.roemer@unimedizin-mainz.de IPC+ Intervention group with perioperative intermit-
J. Heider o ) tent pneumatic compression
julia heider@unimedizin-mainz.de IPC- Control group without perioperative intermittent
Department of Oral and Maxillofacial Surgery, Facial Plastic pneumatic compression
Surgery, University Medical Center Mainz, Augustusplatz 2, M Mean

55131 Mainz, Germany

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00784-024-05987-7&domain=pdf&date_stamp=2024-10-8

589 Page2of 8

Clinical Oral Investigations (2024) 28:589

SD + Standard deviation
Min Minimum

Max Maximum
Introduction

Venous thromboembolism (VTE), including deep vein
thrombosis (DVT), superficial vein thrombosis (SVT), and
pulmonary embolism (PE) are considered a major medi-
cal and social problem. The annual incidence of venous
thromboembolism (VTE) within the general populace
approximates 100 instances per 100,000 individuals (0.1%),
whereby approximately one-third of these cases manifest
as symptomatic pulmonary embolism [1]. In non-oncolog-
ical patients in the field of oral and maxillofacial surgery,
an incidence of VTE between 0.15% and 2.8% is reported
[2—6]. The frequency of venous thromboembolism and pul-
monary embolism, however, is significantly increased in
patients diagnosed with malignant tumors when compared
to healthy individuals from the general population with-
out underlying malignancies [7]. Depending on the entity,
between 2 and 15% of tumor patients are affected by clini-
cally apparent VTE [8, 9]. Oncological patients in oral and
maxillofacial surgery commonly present several serious
risk factors, including prolonged immobilization, active
malignant tumor disease, nicotine and/or alcohol abuse,
and advanced age, which significantly increases their risk
of VTE or PE [10]. However, only limited studies are avail-
able to provide reliable data on the occurrence of thrombo-
embolic events in oncological patients undergoing oral and
maxillofacial surgery. In present studies involving head and
neck tumor surgery, the reported incidence rates range from
0% for procedures with primary plastic wound closure and
up to 6% for those with microvascular flap reconstruction
[11-14].

Recent hospitalization, especially in conjunction with
major surgery, is among one of the most important risk fac-
tors for the development of VTE in tumor patients [15—18].

Patients who do not receive adequate prophylaxis during
their postoperative hospital stay are estimated to develop
VTE in up to 20% and PE in an estimated 7% of cases,
which, however, carry an increased risk of lethality [19—
21]. Therefore, a thorough risk assessment of hospitalized
patients according to their individual VTE risk and compli-
ance with appropriate preventive measures during inpatient
treatment is crucial to avoid thromboembolic complications
[22, 23]. The Caprini Score is considered the best-validated
individual risk assessment model for postoperative VTE
[24-26]. Intermittent pneumatic compression (IPC) devices
are used to prevent VTE by enhancing venous blood flow
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and reducing stasis. Sequentially inflating and deflating
cuffs around the legs promote circulation and stimulate
fibrinolysis, reducing the risk DVT and PE. The primary
objective of this study was to determine whether the use of
IPC reduces the incidence of postoperative thromboembolic
events in patients who underwent tumor resection with and
without microvascular reconstruction.

Materials and methods
Study cohort

Actotal of 154 patients (92 males and 62 females) were exam-
ined in this retrospective cohort study at the Department of
Oral and Maxillofacial Surgery, Facial Plastic Surgery, Uni-
versity Medical Center Mainz, Germany. All participants
consented in advance to the procedure and data collection.
This study was approved by the local ethics committee of
Rhineland-Palate, Mainz, Germany (registration number:
2024-17572) on June 5, 2024, and was conducted in accor-
dance with the protocol and in compliance with the moral,
ethical, and scientific principles governing clinical research
set out in the Declaration of Helsinki of 1975 and revised in
1983. Between May 2021 and September 2023, 79 patients
who received additional prophylaxis using Intermittent
pneumatic compression were examined regarding postop-
erative thromboembolic events (test group). A control group
of 75 patients who did not receive additional intermittent
pneumatic compression device intervention between March
2020 and May 2021 was analyzed for comparison.

Standard procedure for perioperative
anticoagulation

Due to the a priori increased risk of thrombosis in patients
with malignant tumors, all patients received anticoagula-
tion with low-molecular-weight heparins (LMWH) on
inpatient admission. Dalteparin (Fragmin p forte; PFIZER
PHARMA GmbH, Berlin, Germany) was administered pre-
operatively at a dosage of 5,000 I.U. subcutaneously once
daily. Depending on the surgical procedure performed, this
regimen was maintained postoperatively or escalated to
twice daily (morning and evening) for microvascular recon-
struction. Patients who received a microvascular flap were
also intraoperatively administered 5,000 I.U. heparin (hep-
arin-sodium-5000-ratiopharm®; ratiopharm GmbH, Graf-
Arco-Strafle, Ulm, Germany) subcutaneously once after
implementation of the arterial vascular anastomosis. The
respective medications were continued in the postoperative
inpatient phase until the patient was fully mobilized.
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Intermittent pneumatic compression (IPC)

The test group used a Kendall SCDTM Series 700 IPC
system (Cardinal Health Germany 507 GmbH, Siidportal,
Norderstedt, Germany). The system consisted of a control
device and variable-sized cuffs that are worn around the
thighs and lower legs. Once the compression cuffs were fit-
ted and the hose system was connected to the control unit,
continuous intermittent pressure was applied automatically
to the extremities with a pressure of 40 mmHg in the calf
region and 30 mmHg in the thigh area at a respective dura-
tion of 11 s. This sequential compression provides unidi-
rectional blood flow [27], reducing the risk of distal blood
pooling [28] and maximize femoral blood flow velocity [29].
According to various clinical trials, a continuous circulation
of a blood volume up to 7.8 L per hour can be achieved
using IPC [30]. The frequency of the compression cycles is
based on the patient’s venous refill time, which was auto-
matically determined by the device. The cuffs were worn
uninterruptedly from the onset of surgery until the patient
achieved complete mobilization, with a minimum duration
of two days postoperatively while the anticoagulation regi-
men prescribed above was maintained.

Data acquisition and analyzed parameters

All data used for the analysis were obtained from digital
patient files and anesthesia protocols from the Internal
Hospital Information System (SAP Deutschland SE & Co.
KG, Walldorf, Germany) at the University Medical Center
Mainz. In addition to demographic factors such as age and
sex, the parameters analyzed encompassed the patient’s
medical history regarding prior thrombotic events and their
routine use of anticoagulant medication. Furthermore, a dis-
tinction was made between the following procedure catego-
ries: (1) tumor resection solely with stage-dependent neck
dissection together with local reconstruction and (2) resec-
tion with primary microvascular reconstruction within the
control group (IPC-) and the test group (IPC+). Lastly, the
patient records regarding postoperative thrombosis during
the inpatient stay were reviewed. In the case of VTE or PE,
the time of the event was further categorized as <24 h post-
operative, 24—48 h postoperative, and > 72 h postoperative.

Statistics

The null hypothesis states that the frequency of postopera-
tive thromboembolism does not differ between the groups
with (IPC+) and without (IPC-) intermittent pneumatic leg
compression. The primary outcome of the study was the
occurrence of a postoperative venous embolism. The raw
datasets obtained were entered into Excel® spreadsheets

(Microsoft Corporation, Redmond WA, USA) and imported
into SPSS Statistics (version 27 MacOS X; SPSS Inc., IBM
Corporation, Armonk, NY, USA). Descriptive statistics
were used to present the data, with mean (m)<+ standard
deviation (SD+), minimum (min), and maximum (max)
values reported. A non-parametric Shapiro-Wilk test was
used to check for normal distribution. The data of the dif-
ferent groups were then analyzed for statistical significance
depending on their variance and normal distribution using
the unpaired Student’s t-test, Welch’s t-test, and Mann-
Whitney U-Test. Histograms and bar charts were used for
illustration purposes using GraphPad Prism (GraphPad
Software, 225 Franklin Street. F1. 26, Boston, MA 02110).
To conduct the power analysis, effect sizes using Cohen’s
h were calculated based on the proportions of the outcome
of interest in both treatment and control groups. With this
effect size, along with population sizes of each group and
a significance level of 0.05, Python statsmodels 0.14.1 [31]
was utilized to calculate the statistical power. The effect size
calculated by Cohen’s d is 0.522, which results in a power
of 89.97% with observed thrombosis rates of 0 and 6.67%.

Results

A comprehensive analysis encompassed 154 patients with
a mean age of 67 years (range 34-89 years), including 79
individuals subjected to additional intervention with inter-
mittent pneumatic compression splints and 75 individuals
receiving no supplementary treatment.

92 male and 62 female patients (p=0.297) were exam-
ined. The IPC + intervention group consisted of 44 male and
35 female patients, while the IPC- group comprised 48 male
and 27 female patients. Overall, 100 patients underwent sur-
gical tumor resection with stage-dependent Neck Dissection
and subsequent primary microvascular reconstruction (60
radial forearm flaps, 19 ulnar forearm flaps, 14 osteomyocu-
taneous fibula flaps, 4 ALT flaps, and 3 latissimus flaps). In
comparison, 54 patients were treated with local reconstruc-
tion. The IPC + group accounted for 67 patients with micro-
vascular reconstruction and 12 with primary local wound
closure. In the control group IPC-, 42 patients underwent
microvascular reconstruction, and 33 were treated with
resection and local reconstruction (Fig. 1) (Table 1).

The average surgery duration under intubation anes-
thesia was 351 min (20-668 min), in the case of micro-
vascular reconstruction 414 min (180-668 min) and for
tumor resection without microvascular graft 235 min
(20-600 min) respectively (»p<0.001). Due to a substan-
tially higher frequency of microvascular reconstructions in
the IPC + cohort, the mean duration of surgical procedures
exhibited a statistically significant increase compared to the
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Table 1 Overview of the parameters assessed for the two study groups
IPC-! IPC+2 Total SD+3 p-value
Male 48 44 92
Female 27 35 62
Total 75 79 154
T-Stadium
Tl 19 21 40
T2 27 20 47
T3 10 19 29
T4 19 19 38
Tumor resection + 42 12 54
local reconstruction
Tumor resection + 33 67 100
microvascular reconstruction
Mean surgery duration 307 min 392 min 351 min <0.001
local reconstruction 235 min 105 min
+ microvascular reconstruction 413 min 93 min
No previous VTE? 73 68 141
Previous VTE 2 11 13 0.012
VTE postoperative 5 0 5 0.020
local wound closure 2 0 2 0.649
+microvascular reconstruction 3 0 3
T1 0 0 0
T2 1 0 1
T3 2 0 2
T4 2 0 2
Hospitalization (in days) 14.24 19.28 16.8 0.035
local wound closure 11.98 days 13.54 days
+ microvascular reconstruction 19.44 days 15 days
Caprini Score 7.72 8.3 8.02 0.027

1. Group with perioperative intermittent pneumatic compression

2. Group without perioperative intermittent pneumatic compression

3. Standard deviation

4. Venous thromboembolism

IPC- control group (p<0.001) (Fig. 2). Secondarily, the
Caprini-Score [26] was used to assess the individual risk of
thrombosis in each patient. On average, the study popula-
tion scored 8.02 + 1.47 (3—13). Specifically, the IPC- cohort
attained a mean score of 7.72+1.31 (3—11) points, whereas
the IPC + intervention group achieved an average score of
8.30+1.56 (613 points) (p = 0.027) (Fig. 3).

@ Springer

In 13 patients, thromboembolic events were identified
in their medical history prior to surgery. Eleven of these
patients with an increased individual risk of thrombosis
were part of the IPC + intervention group (p=0.012). Dur-
ing the postoperative inpatient stay, five patients devel-
oped a thromboembolic event resulting in a pulmonary
embolism. All patients who experienced embolisms were
part of the IPC- group. No thromboembolic complications



Clinical Oral Investigations (2024) 28:589

Page 50f 8 589

15—
[
10—
o
Q
O
wn
5_
[ J
0 | I
IPC-  IPC+

Fig. 2 Caprini score achieved by the different study groups IPC- and
IPC+

were observed in the group of patients who received addi-
tional prophylaxis with intermittent pneumatic compression
splints (p =0.020) (Fig. 4).

Among the five observed cases of pulmonary embo-
lism, two incidents manifested within 24 h postoperatively,
one event occurred between 24 and 48 h, and two trans-
pired more than 72 h postoperatively (Fig. 5). The mean
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duration of hospitalization in the study population was 16.8
days. Patients who underwent tumor resection and local
reconstruction showed a significantly shorter average hos-
pitalization time (11.9 days) than patients who received
simultaneous microvascular reconstruction (19.4 days)
(p=0.035). Consequently, the IPC + cohort also exhibited a
significantly extended mean duration of hospitalization due
to the aforementioned variances within the study population
(IPC- 14.2 days; IPC+ 19.3 days; p=0.035) (Fig. 5).

With a total of five postoperative thrombotic events
observed in the control group IPC-, corresponding to an
incidence rate of 6.67%, a specific number needed to treat
of 15 individuals can be determined.

Group analyses

The Pearson Chi-Square test and Fisher’s exact test were
used to analyze the association between the type of sur-
gery and the occurrence of postoperative thrombosis. The
Pearson Chi-Square test showed no significant associa-
tion (p=0.456), which was confirmed by Fisher’s exact
test (two-sided p-value=0.649), indicating that the type of
surgical procedure (with or without microvascular recon-
struction) had no significant effect on the incidence of post-
operative thrombosis.
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thromboembolic events in the IPC- group

Discussion

The general risk of perioperative venous thromboembo-
lism in oral and maxillofacial surgery is estimated to range
between 0.15 and 1.6% [3, 4, 10, 32]. However, no stud-
ies are currently available regarding the use of IPC and its
effectiveness in preventing VTE in oncological patients
undergoing oral and maxillofacial surgery. Malignant dis-
eases, trauma, major surgery, and previous thrombosis
events have already been identified as predisposing risk fac-
tors in oral and maxillofacial surgery for a long time [33].
Thus, a recent study by Wang et al. reported an incidence of
postoperative VTE of 20.7% in a cohort of 372 oncological
patients who underwent tumor resection with simultaneous
reconstruction [34]. Similar results were reported in a retro-
spective study by Kakei et al. from 2016, in which the inci-
dence of sonographically detected DVT was 24%, whereas
pulmonary embolisms only occurred in 2.3% of cases [35].
General measures to prevent postoperative VTE include dis-
continuing coagulative medication and early postoperative
mobilization and individual risk stratification, for example,
using the standardized Caprini Score [26, 34, 36]. This score
classifies patients into specific risk profiles based on a point
value achieved according to their predisposing factors. Stud-
ies have demonstrated a significant increase in the risk of
DVT among patients categorized with scores ranging from
nine to eleven, corresponding to an 18.7-fold increase, and
those categorized with scores from 12 and higher, indicating
a substantially heightened risk of 98.4 times compared to
patients with allocated scores of five to eight [36]. However,
it is imperative to acknowledge that patients undergoing
surgical oncological interventions in oral and maxillofacial
surgery inherently accrue a Caprini-Score of 4-6 due to
their underlying disease, the prolonged duration of surgi-
cal procedures, and the anticipated temporary immobility
after treatment, thus ranking them within the high-risk cat-
egory for postoperative VTE. In cases where patients have a
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medical history of VTE or have familial predispositions, the
score increases by an additional three points.

Consequently, apart from very few young patients (under
41 years of age) with no other comorbidities and a short
surgery duration of less than 45 min, all patients in our study
population scored 6 or higher. Current evidence from recent
studies in head and neck surgery also indicates that intra-
operative and postoperative application of LWMH can lead
to fewer postoperative VTE cases and flap losses [37]. This
recommendation concurs with the latest ASCO guideline on
prophylaxis of VTE, according to which pharmacological
thrombosis prophylaxis with LMWH should be continued
for at least 7-10 days in patients with tumor diseases who
undergo major cancer surgery [38, 39]. Adequate patient
positioning and mechanical therapy, including intermit-
tent pneumatic compression, represent additional strategies
for preventing perioperative thrombosis. IPC is frequently
employed as part of multimodal thromboprophylaxis strat-
egies, particularly in orthopedic and abdominal surgeries,
where patients face heightened VTE susceptibility, but also
as an adjunctive treatment for immobilized patients in inten-
sive care units and geriatric facilities among patients with
reduced mobility and increased risk factors for VTE [40,
41]. Several studies have demonstrated reduced VTE using
intermittent pneumatic compression in surgical and non-
surgical patients [42, 43].

Furthermore, scientific literature has substantiated the
positive effects on blood flow dynamics and fibrinolytic
activity [27, 44-46]. Additional benefits of IPC include its
user-friendly operation, reduced incidence of postopera-
tive bleeding events, and synergistic potential when com-
bined with other prophylactic modalities [42]. However,
a comparative study showed that IPC alone is insufficient
for perioperative VTE prophylaxis in high-risk patients
with malignant diseases, and an intensified combination
with pharmacological anticoagulation is recommended
[42, 47, 48]. These findings align with a recent Cochrane
review, indicating that the combined approach of IPC with
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pharmacological prophylaxis could substantially decrease
the occurrence of postoperative PE and DVT [49]. Like
numerous other publications, our study successfully dem-
onstrated a significantly reduced incidence of postoperative
thromboembolic events in patients receiving adjunctive pro-
phylactic intermittent pneumatic compression therapy [50].
The study’s statistical power was calculated to be 89.97% at
a 5% significance level, demonstrating a high probability of
detecting true differences in thrombosis rates between the
groups. The results also indicate no significant differences in
the incidence of postoperative thrombosis between patients
who underwent microvascular reconstruction and those
who received local reconstruction. Potential limitations of
the study include the heterogeneous patient population with
different risk profiles and surgical procedures, as well as the
varying duration of surgery and inpatient hospitalization.

Conclusion

Combined thromboprophylaxis with IPC and LMWH
resulted in a significant reduction of postoperative throm-
boembolism in patients with oral squamous cell carcinoma
undergoing oncological surgery and reconstruction. In con-
trast to the cohort receiving conventional pharmacological
prophylaxis with LMWH alone, exhibiting an incidence of
6.67% for postoperative VTE, no occurrences of VTE were
observed in the group treated with additional IPC during
the postoperative inpatient period. Based on these results,
IPC technique was integrated into the clinical routine of our
institution for patients undergoing major tumors or recon-
structive surgery.
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