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Abstract

Background and purpose Venous thromboembolism (VTE) is a serious complication encountered in surgical practice. The
purpose of this study was to identify changes in coagulation status and deep vein flow parameters, within 24 h postoperatively,
for patients undergoing laparoscopic total extraperitoneal inguinal hernia repair (TEP).

Methods For 144 patients undergoing TEP, coagulation markers including prothrombin time (PT), partial thromboplastin
time, thrombin time, D-dimer, fibrinogen, fibrin degradation products (FDP), and international normalized ratio (INR) were
monitored preoperatively and in the first morning postoperatively. Echo-Doppler recordings preoperatively and again within
24 h postoperatively were completed for 23 patients to monitor lower extremity deep vein flow parameters including speed of
flow (cm/s), diameter (cm), and cross-sectional area (cm?). Clinically significant VTE and other complications were recorded.
Results No significant VTE were diagnosed. Significant increases were seen in the first morning postoperatively for PT,
D-dimer, FDP, and INR (P <0.05). Stratified by age, except for those < 50 years, the ratio of value-outside-the-normal-range
(VONR) for D-dimer and FDP increased significantly postoperatively for all age groups. Stratified by operation duration,
a significant difference in the ratio of VONR in D-dimer was identified postoperatively between those with an operation
duration <60 min and > 60 min. There were significant decreases in the iliac and common femoral vein flow velocity of the
ipsilateral extremity postoperatively (P <0.05).

Conclusions Activated hypercoagulability and hampered lower extremity deep vein flow were observed immediately after
TEP. DVT formation was more pronounced in older patients and for those with operation duration > 60 min. Proper VTE
risk stratification for laparoscopic inguinal hernia repair (LIHR) and prophylaxis early after LIHR should be important
clinical considerations.

Keywords Inguinal hernia - Total extraperitoneal inguinal hernia repair - Thromboembolism - Coagulation status - Femoral
vein - Iliac vein

Venous thromboembolism (VTE) is a serious complication,
frequently encountered in surgical practice that comprises
both deep vein thrombosis (DVT) and pulmonary embolism
(PE). Approximately 50% of DVT cases are asymptomatic,
and the first sign of the disease may be a fatal PE presented
as sudden death with no opportunity for medical interven-
tion [1]. The incidence of fatal PE ranges from 0.1 to 0.8%
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in patients undergoing general elective surgical procedures
[2]. Inguinal hernia repair is the most commonly planned
general surgical procedure [3, 4], and laparoscopic repair of
inguinal hernia has become an increasingly popular method
of herniorrhaphy, with the advantages of lower wound infec-
tion rates, faster recovery times, and less postoperative pain
compared to open procedures [5—7]. However, current hernia
guidelines provide no details on incidence of VTE following
laparoscopic inguinal hernia repair (LIHR) or regimens for
VTE prophylaxis [8]. Reviews of VTE complications are
often based on collections of individual cases in randomized
controlled trials (RCTs), retrospective follow-up cohorts,
and case reports. Mayer et al. reported seven cases of throm-
bosis and five cases of PE in an analysis of 24,571 primary
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inguinal hernia patients treated by laparoscopic approaches
[9]. Neumayer et al. reported one death on postoperative
day 3 caused by PE after LIHR [10]. Nilsson et al. identi-
fied 73 cases of PE within 30 days of groin hernia surgery
in 143,042 registered patients, with incidence of 0.03% and
0.08%, respectively, in men and women undergoing an elec-
tive operation. However, their data did not further stratify
the PE incidence for LIHR or for open repair [11]. Currently
available comprehensive guidelines that address VTE proph-
ylaxis for non-orthopedic surgery patients were released by
the American College of Chest Physicians (ACCP) in 2012
(9th edition) [12]. However, due to the paucity of data on
VTE prophylaxis specific to the LIHR population, recom-
mendations derived from other surgical populations includ-
ing gastrointestinal, urological, and vascular procedures have
been generalized to the laparoscopic inguinal hernia popula-
tion. Recently, Humes et al. reported a 0.53% incidence of
VTE in the 90 days following surgery in 28,782 men who
underwent an inguinal hernia repair with the risk of VTE
highest during the first month following the surgery [13].
However, that study did not stratify the individual risk of
VTE in patients undertaking LIHR or the timing of the ear-
liest onset of VTE. Previously, we reported a sudden death
due to acute PE in the 20 h after a laparoscopic total extra-
peritoneal inguinal hernia repair (TEP) [14]. The develop-
ment of VTE is linked to at least one of the three Virchow’s
triad: vascular injury, venous stasis, and/or hypercoagulabil-
ity [15]. The status of venous stasis and hypercoagulability
in the very early postoperative stage in patients who undergo
a LIHR has not been well defined. Therefore, we sought to
determine change in coagulation markers and deep vein flow
parameters within 24 h postoperatively in patients undergo-
ing a TEP procedure.

Patients and methods

The study was performed as a prospective non-randomized
study from August 2016 to January 2018 in patients under-
going LIHR with a TEP approach. Altogether 150 consecu-
tive patients were enrolled into the study. Six patients were
excluded due to incomplete laboratory tests or Echo-Doppler
examinations. Thus, 144 patients were assessed who under-
went an elective TEP procedure for inguinal hernia. Inclusion
criterion was elective laparoscopic surgery for symptomatic
inguinal hernia. Exclusion criteria were refusal of consent;
incarcerated inguinal hernia; female; age <18 or > 90 years;
conversion to open procedure; VTE in previous 6 months;
unsuitable for general anesthesia due to chronic obstructive
pulmonary disease or pneumonia; body mass index >25; sep-
sis < 1 month; currently at bed rest; trauma or recent surgery;
malignancy; varicose veins; swollen legs; grade >?2 according
to the American Society of Anesthesiologists grading system;
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on medication affecting coagulation (anticoagulants, antiag-
gregants, non-steroidal anti-inflammatory drugs, or steroids);
generalized bleeding disorders; renal or hepatic diseases; con-
gestive heart failure; stroke; or history of inflammatory bowel
disease. The Caprini risk assessment model was used to assess
the VTE risk in every patient preoperatively and postopera-
tively [16]. Each patient was classified into one of the four
risk groups: low, moderate, high, and highest risk. The dura-
tion of operation was estimated to 1 h in the preoperative risk
calculation. VTE prophylaxis comprised early ambulation and
intermittent pneumatic compression (IPC). No low-molecular-
weight heparin (LMWH) or low-dose unfractionated heparin
(LDUH) was administrated in this cohort study. In the post-
operative period, complications and clinical apparent VTE in
30 days following operation were observed. Clinical assess-
ment of DVT risk was performed according to the Wells score
system [17]. Coagulation markers including prothrombin time
(PT), partial thromboplastin time (PTT), thrombin time (TT),
D-dimer, fibrinogen, fibrin degradation products (FDP), and
international normalized ratio (INR) were monitored preopera-
tively and in the first morning postoperatively. Echo-Doppler
recordings were made preoperatively and repeated within 24 h
postoperatively by one specified sonographer in patients who
had unilateral inguinal hernia and gave consent for repeated
examination. The lower extremities deep vein flow parameters
including speed of flow (cm/s), diameter (cm), and cross-sec-
tional area (cm?) were monitored. The study was approved by
the ethics committee of the hospital. Each patient gave writ-
ten informed consent to be included in the study and with the
anonymous publication of data.

Statistical analysis

Values for all continuous variables were expressed as
means + standard deviation (SD). Data were analyzed with
Origin 8.0 software (Origin Lab Corp. Northampton, MA,
USA). Data were evaluated by two-sample 7 test for continu-
ous variables and Chi-square test for categorical variables.
Vascular diameter, speed of flow, and cross-sectional area
were found to vary greatly pre- and postoperatively, hence
adjustments were made to the data to insure comparability.
The relative values (postoperative data vs preoperative data
and preoperative radices were regarded as 1) were used for
comparative analysis in this study. P <0.05 was interpreted
as significantly different.

Results

Of the 150 eligible patients, 144 (96%) completed the study,
of whom 23 had Echo-Doppler preoperatively with repeat
24 h postoperatively. All patients underwent TEP under gen-
eral anesthesia without events. Patient characteristics are



Surgical Endoscopy (2019) 33:4057-4065

4059

shown in Table 1. The range in age was 25-88 years with a
median of 64 years. VTE risk assessment was done accord-
ing to the Caprini risk scoring model both preoperatively
and postoperatively. For the preoperative assessment, the
duration of operation was assumed to be 1 h based on our

Table 1 Demographic data of study patients

Variables Number P value
Age (years)
<50 16
50-59 23
60-69 64
70-79 29
>80 12
Operation duration (min)
<50 21
50-59 35
60-69 65
70-79 9
>80 14
Caprini risk score
Preoperatively 3.74+0.82 >0.05
Postoperatively 3.63+0.86
Hernia classification
Unilateral 115
Bilateral 29
Recurrent 3
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erative comparison of values of =S
each relevant index of throm- o 28+
bus. Pre preoperative, Post o 26+
postoperative. D-dimer: mg/L, =
Fibrinogen: g/L, FDP: pg/mL, = 244
PT: second, APTT: second, TT: O 9294
second, INR: ratio.*p <0.05 =
9 204
£ 184
“—
S 16+
> 14-
L 12-
S 104
S 8-
S 6
<

1 om0

routine experience with the postoperative assessment risk
score adjusted based on the actual duration of operation.
Risk scores ranged from 2 to 5 points. The preoperative and
postoperative VTE scores showed no statistical difference
(P>0.05), 19 patients were considered at high risk for VTE
with a score of 5 points. All patients underwent IPC imme-
diately after operation. A urine catheter was not applied, and
patients urinated by themselves in the postoperative period
and were mandated to take gentle walks after they recovered
from anesthesia. No clinically significant VTE or PE was
found 30 days following operation. Eight patients presented
with a swollen operated inguinal area postoperatively, due
to seroma, all diminished spontaneously in 1-2 months. No
infection or recurrence was observed in the follow-up period.
All patients were discharged within 1-2 days after operation.

Significant increases were observed in the first morning,
postoperatively for PT, D-dimer, FDP, and INR (P <0.05).
No significant changes in PTT, TT, or fibrinogen were seen
(P>0.05; Fig. 1). A further stratification by age is shown
in Fig. 2, where postoperatively, a significantly high ratio
of value-outside-the-normal-range (VONR) in D-dimer
and FDP was observed when compared to the preopera-
tive period, in all patients except those <50 years of age
(P <0.05). Preoperatively, no significant differences in the
ratio of VONR in D-dimer and FDP were observed between
the various age groups (P> 0.05), while in the postopera-
tive period, those 70-79 years of age demonstrated a sig-
nificantly higher ratio of VONR for D-dimer compared to
the other age groups. By stratification, the change in ratio
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Fig.2 Preoperative and postoperative comparison of VONRs of
D-dimer (A), FDP (B), and PT (C) among different age groups. Pre
preoperative, Post postoperative, VONR value-outside-the-normal-
range. *P <0.05, **P <0.001

of VONR in PT between the pre- and postoperative periods
was significant only in the population <70 years of age,
while no significant difference was observed postoperatively.
Stratification by operation duration is shown in Fig. 3. All
groups showed a significant increase in the ratio of VONR
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for D-dimer, and FDP postoperatively when compared to the
preoperative period. A significant difference in the ratio of
VONR for D-dimer was found between operation duration
<60 min and > 60 min in the postoperative period.

Twenty-three patients with unilateral inguinal hernia
underwent Echo-Doppler of the lower extremities preop-
eratively with repeat within the first 24 h, postoperatively.
No symptomatic or asymptomatic DVT was observed. There
were significant decreases in the iliac vein flow and common
femoral vein flow velocity, with decreased cross-sectional
area of the iliac vein of the ipsilateral extremity (that of
the operated groin) (P <0.05). Significant decreases in the
diameter of the common femoral vein and the cross-sectional
area for both the common femoral vein and the iliac vein of
the contralateral extremity were observed (P <0.05) (Fig. 4).
No significant difference in deep vein flow parameters was
observed between ipsilateral and contralateral side, either
pre- or postoperatively.

Discussion

Inguinal herniorrhaphy is the most commonly planned gen-
eral surgical procedure and is generally categorized as a
low-risk VTE procedure. Laparoscopic surgeries are also a
low VTE risk compared to open procedures [18]. However,
the real VTE risk for laparoscopic inguinal hernia is not
known in that there is a paucity of VTE incidence data in
patients undergoing LIHR. Currently, VTE complications
associated with LIHR are found in literature citations that
are case reports, collections of individual cases in RCTs, or
registry databases. These databases have practical limita-
tions on reporting of the details of VTE such as earliest onset
time, duration, mortality, and possible data omissions due to
poor report compliance [19].

We have encountered a sudden death due to acute PE in
the first day following a TEP repair [14]. The patient pre-
sented with no obvious preoperative high VTE risk, which
suggests that lethal VTE can develop unexpectedly very
early postoperatively. Understanding changes in coagula-
bility and deep vein flow during the early phase following
LIHR may be crucial to the proper prophylaxis and treatment
of DVT. In this study, we monitored the following coagula-
tion markers: PT, PTT, TT, D-dimer, fibrinogen, FDP, and
INR perioperatively, which are routine laboratory tests for all
surgical patients in our hospital. PT, serum D-dimer, FDP,
and INR increased significantly during the first day after
TEP. Among them, serum D-dimer appeared to be the most
remarkable parameter when stratified for age and duration
of operation. In general, a secondary postoperative elevation
of D-dimer, fibrinogen, and FDP can be induced by surgi-
cal trauma [20], where fibrinogen is a marker of activated
coagulation and FDP corresponds to the formed volume of
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thrombin, which is regarded as a coagulation activity marker
[21]. D-dimer forms during the plasmin-induced break down
of fibrin in the fibrinolytic pathway. Increases in D-dimer
indicate increased formation and breakdown of fibrin, and
D-dimer has been used as a marker of intravascular clot for-
mation [22]. In this study, we found that 8.3% of patients
had serum D-dimer concentrations outside the normal
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Fig.4 Preoperative and postoperative comparison of parameters of
iliac vein (A) and femoral vein (B) between ipsilateral and contralat-
eral side. Pre preoperative, Post postoperative. *P <0.05

range (<0.5 mg/L) prior to operation, which dramatically
elevated to 61.1% during the first day after TEP procedure.
This significant postoperative elevation of serum D-dimer,
in the absence of clinically significant DVT, confirmed the
notion that D-dimer levels are useful as a means to rule out
thrombosis. D-dimers are highly sensitive as a biomarker
for VTE at a cut-off value of <0.5 mg/L, while the converse
is not true given its low positive predictive value [23, 24].
However, elevated D-dimer levels may be an indication that
some of these patients were vulnerable to the development
of DVT. Shigemi et al. reported in gynecologic patients that
those with low preoperative D-dimer levels (0.6—-0.9 pg/mL)
had a 2.7% incidence of VTE compared to an incidence of
0 in patients with D-dimer levels <0.5 ug/mL and 23.7% in
patients with D-dimer levels > 1.0 pg/mL [25]. Kimura et al.
found that maintenance of higher plasma D-dimer levels
7 days after surgery was found in patients with DVT but not
without [26]. Moreover, we found that the elderly population
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had a more pronounced elevation of D-dimer levels. In those
<70 years of age, the percentage of people with serum
D-dimer levels outside the normal range was approximately
50%, while for those 70-79 years and > 80 years, the ratio
was as high as 82.76% and 75%, respectively. Older patients
had a more intense activation of the fibrinolysis cascade,
which is in accordance with the widely accepted notion that
the risk of DVT increases with age. Recently, Osaki et al.
argued that the optimal cut-off D-dimer level was 1.4 ug/mL
in an analysis of risk and incidence of perioperative DVT
in patients undergoing gastric cancer surgery [27]. Another
important finding in this study was a significant difference
in the D-dimer VONR ratio postoperatively, between the
population with an operation duration < 60 min and a dura-
tion of > 60 min. By the Caprini risk assessment model,
laparoscopic surgery > 45 min receives two points, no mat-
ter how long the duration is beyond 45 min and regardless
of the type of specific procedure. Our findings suggest that
TEP duration > 60 min corresponds to a more pronounced
possibility for elevated D-dimer levels. For aged patients or
for those with operation duration > 60 min, close observa-
tion is required to rule out the possibility of DVT and proper
prophylaxis should be considered.

Venous stasis is one of the three key factors for the devel-
opment of DVT. At one time there was a concern that inser-
tion of a prosthetic mesh into the preperitoneal space would
compress the femoral vein, possibly influencing the flow of
the vein, increasing risk for venous stasis and DVT. With a
6-month follow-up, Ozmen et al. found that neither mean
diameter nor mean flow velocity of the femoral vein was
changed by the insertion of the mesh during TEP procedures
with no patients developing clinically significant DVT [28].
However, an inevitably adverse physiological impact was
induced by pneumoperitoneum during laparoscopic proce-
dures. The mean pressure in the iliac vein and inferior vena

Fig.5 Collapsed iliac vein in
TEP procedure. Black arrow:
iliac vein; white arrow: iliac
artery

@ Springer

cava is normally 2-5 mmHg [29, 30]. The pneumoperito-
neum during the TEP procedure increased intraabdominal
pressure to a level of 12—14 mmHg, which had a direct
compressive effect on the inferior vena cava and iliac veins
and decreased lower extremity venous flow. There were few
patients in this study that permitted a repeat Echo-Doppler
for the following reasons: (1) Patients discharged earlier
before Echo-Doppler could be arranged in the postopera-
tive period. (2) The absence of the specified sonographer
assigned to the study. (3) No consent for a repeat examina-
tion was permitted by the patient. We measured the change
in flow parameters in both the iliac and femoral veins and
observed a significant decrease in the iliac vein and common
femoral vein flow velocity but not with increases in the vein
cross-sectional area of the ipsilateral extremity. Our data
are not completely in accordance with results of other lapa-
roscopic procedures. Nguyen et al. reported that increased
intraabdominal pressure during laparoscopic gastric bypass
reduced peak femoral systolic velocity by 43% and increased
the femoral cross-sectional area by 52% [31]. However, we
observed morphologic change of the iliac vein during TEP
procedure as illustrated in Fig. 5. The iliac vein was almost
completely collapsed, which not only impaired venous
return from the lower extremities but also caused vein dis-
tention. The acute distention caused vessel wall damage due
to mechanical disruption of the endothelial lining. Vessel
wall damage is one of Virchow’s triad in the pathogenesis
of thrombosis [32, 33].

In this study, activated coagulation and impaired deep
venous flow implied that the TEP procedure had a certain
degree of potential risk for DVT during the early postop-
erative period. Zaghiyan et al. reported that the majority
of early postoperative VTE occurred intraoperatively in
patients undergoing major colorectal surgery [34]. Such
a high risk for VTE, during operation and immediately
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following operation, may be similar for patients undergoing
TEP, especially in the aged people. However, no VTE proph-
ylaxis consensus for laparoscopic inguinal hernia has been
identified. Generally, inguinal herniorrhaphy is considered
a VTE low-risk procedure, and with the worry of a bleeding
risk associated with chemical thromboembolic prophylaxis
[35], thromboprophylaxis may be omitted [36]. Interestingly,
in a survey of general surgeons practicing in Ontario, 85%
did not provide DVT prophylaxis in open inguinal hernia
repair. This percentage dropped to 63.7% in LIHR, reflecting
a more aggressive approach to DVT prophylaxis when com-
pared to the open procedure [37]. In this cohort, an absence
of clinical VTE, in spite of a dramatic change in coagula-
tion and venous flow velocity, may be partially explained
by mandatory early ambulation and IPC following opera-
tion. Milic et al. suggested that with regard to postoperative
development of DVT of the calf, ambulation activates the
fibrinolytic system, preventing the thrombi from increasing
in size and proximal propagation [38].

ACCEP guidelines recommend the endorsement of the
Caprini VTE scoring model for calculation of overall risk.
According to ACCP guidelines, patients with 1-2 points are
at low risk. Mechanical prophylaxis, preferably with IPC, is
recommended over no prophylaxis. Patients with 3—4 points
are at moderate risk for VTE. LMWH, LDUH, or mechani-
cal prophylaxis, preferably with IPC, are recommended over
no prophylaxis. For patients at high risk for major bleed-
ing complications, mechanical prophylaxis like IPC is rec-
ommended. For patients at high risk for VTE (points >5)
who are not at high risk for major bleeding complications,
pharmacologic prophylaxis combined with mechanical
prophylaxis like elastic stockings or IPC is recommended.
For patients at high risk for major bleeding complications,
guidelines suggest the use of mechanical prophylaxis, prefer-
ably with IPC, over no prophylaxis until the risk of bleeding
diminishes and pharmacologic prophylaxis can be initiated.
In this study, we excluded all variables but age and duration
of operation, which balanced the data for statistical analysis
and provided a range of two to five points. However, all
patients enrolled in this study were not tested for thrombo-
philia (not available in our hospital’s laboratory), which is
a study weakness that may have underestimated actual VTE
risk. Hypercoagulability may link to certain genetic traits.
More than half of all patients with juvenile or idiopathic
VTE have been identified to have an inherited thrombophilic
condition [15]. Deficiencies of antithrombin III, protein C,
protein S, mutation of factor V Leiden, and factor II (pro-
thrombin) G20210A genes leads to hypercoagulability.
Some of these inherited deficiencies such as presence of
factor V Leiden, positive prothrombin 20210A represents
three points each in Caprini risk model. We believe that in
our cohort, more people would be categorized into high-risk
group if the scores of hereditary thrombophilia factors were

counted. However, in this study, all patients with a 5-point
VTE risk score did not develop VTE with early ambula-
tion and IPC, early administration of prophylaxis follow-
ing operation proved to be essential. Coleman et al. recom-
mended repeated risk assessment to facilitate appropriate
VTE prophylaxis [39]. We believe that close observation is
crucial for VTE prevention during the perioperative period.
Risk scoring models may not have adequate precision and
VTE risk may not be static during the perioperative period,
which requires reconsideration of prophylaxis. In our previ-
ously case report, a 60-year-old patient, bedbound for over
20 h following TEP, unexpectedly developed a fatal PE.
Bed rest longer than 72 h is weighted at two points by the
Caprini risk scoring model. No other VTE risk factors were
recorded. Hence, this patient only had a risk score of 3, not
getting necessary prophylaxis. An unexpectedly prolonged
recovery from anesthesia or an unusually prolonged bed rest
should be considered factors that increase VTE risk in indi-
vidual patients, although no specific recommendations are
provided in current guidelines. A condition-specific VTE
risk assessment tool for ventral hernia repair does exist [40],
in which a 25-fold variability in VTE risk was found among
the overall population. Risk assessment for LIHR should
include the specific type of laparoscopic procedure as well
as operation-related parameters such as mechanical ventila-
tion [41], anesthesia, and pneumoperitoneum duration for
VTE. More detailed information for vulnerable subgroups
is desirable, with dynamic stratification of the risk for VTE
before and after operation.

The incidence of VTE following LIHR is low. Activated
coagulation and hampered lower extremity deep venous
flow immediately following TEP represent potential risk
factors for VTE. Hence, LIHR may be associated with VTE
events. Considering the large number of inguinal hernia
surgeries and their importance to patient quality-of-life,
VTE, although rare, should be carefully considered. Proper
VTE risk stratification for LIHR and prophylaxis early after
operation are essential and should always be considered by
clinicians.

Compliance with ethical standards

Disclosures Chengguang Yang and Leiming Zhu have no conflicts of
interest or financial ties to disclose.
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