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in correctly identifying an inguinal hernia: 
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Abstract 

Objectives: To determine the clinical utility of preoperative ultrasound imaging for predicting an inguinal hernia in 
need of surgery. In addition, we aimed to identify factors associated with false positive (FP) ultrasound examinations.

Methods: In this retrospective pilot study, we included all 175 patients who underwent inguinal hernia surgery in 
our hospital in 2019 and of whom a positive preoperative ultrasound examination of the groin area was available. 
The positive predictive value (PPV) of the ultrasound examination was determined using inguinal hernia detected 
during surgery (yes/no) as golden standard. To identify possible predictive factors, we compared the characteristics of 
patients with a FP ultrasound with patients with a true positive (TP) ultrasound.

Results: PPV of ultrasound examinations to identify an inguinal hernia in need of surgery correctly was 90.9% 
(159/175). The patients with a FP ultrasound examination had a significantly higher body mass index (BMI) than the 
patients with a TP ultrasound examination (27.6 ± 4.2 vs 25.8 ± 2.3, p = 0.043).

Conclusions: With a false positive percentage of 9.1%, there is still room for improvement of preoperative diagnostic 
imaging. Studies with larger cohorts are necessary to establish prediction models that have the potential to reduce FP 
ultrasound results.
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Key points

• Preoperative ultrasound had a PPV of 90.9% 
(159/175) for identifying inguinal hernia in need of 
surgery.

• PPV for the subgroup without a (visible) swelling was 
84.6% (33/39).

• BMI was identified as most likely potential predictor 
of false positive ultrasounds.

Introduction
Inguinal hernia surgery is one of the most commonly 
performed surgical procedures worldwide [1]. Accord-
ing to the national guidelines published in 2020, approxi-
mately 27,000 inguinal hernia surgeries are performed 
annually in the Netherlands (national guideline, 2020), 
of which 500 to 800 surgeries are performed in our hos-
pital. In 95% of patients with suspected inguinal hernia, 
the general practitioner (GP) or surgeon can diagnose 
the inguinal hernia based on the clinical presentation and 
physical examination [1]. When the physical examina-
tion is inconclusive, ultrasonography is indicated accord-
ing to both the international and Dutch inguinal hernia 
guidelines [1]. Typical findings of a hernia on ultrasound 
consist of a hernial sac containing adipose or intestinal 
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tissue or protrusion of a herniating sac when the Valsalva 
maneuver is performed.

Several studies compared the role of ultrasound, mag-
netic resonance imaging (MRI) and/or computed tomog-
raphy (CT) in the diagnosis of inguinal hernias [2–9]. In 
a recent systematic review (2020), Piga et  al. aimed to 
determine which diagnostic modality is the most accu-
rate in diagnosing inguinal hernia [2]. They concluded 
that ultrasound has the highest sensitivity and specificity 
compared to CT and/or MRI. The sensitivity and speci-
ficity of ultrasound for diagnosing inguinal hernias were 
56–100% and 0–100%, respectively, whereas the sensitiv-
ity and specificity of CT scans ranged from 48 to 98% and 
25 to 100%, respectively, and of MRI from 85 to 95% and 
90 to 100%, respectively [2]. In spite of the broader range 
in sensitivity and specificity observed, on average ultra-
sonography performed the best.

In a systematic review by Kwee et al., the positive pre-
dictive value (PPV) of ultrasonography for inguinal her-
nias was evaluated [9]. In the 16 studies included, the 
PPV ranged from 58.8 to 100%. A pooled PPV of 86.4% 
(CI 95% [78.9–92.4]) was reported [9]. These findings 
showed that PPVs are inconsistent and vary significantly 
between studies. Thus, additional research is warranted. 
Moreover, it is currently unclear which factors are asso-
ciated with false positive (FP) ultrasound findings, 
although operator experience has already been linked to 
ultrasound accuracy [2, 5, 9].

A prior clinical diagnosis of hernia may explain part 
of the FP diagnoses, especially when there is no evident 
clinical sign like palpable sac or swelling. In case of ingui-
nal pain without swelling, diagnosing hernia may be very 
difficult even for a trained surgeon, GP and ultrasound 
technician [3].

Patients with a FP ultrasound result undergo poten-
tially unnecessary surgery. This results in unnecessary 
costs, potential complications and is unlikely to solve the 
symptoms of the patient. Postoperative complications 
occur in approximately 15–28% of operated inguinal her-
nia patients [10].

Aim
The primary aim of this pilot study was to investigate to 
what extent the diagnosis inguinal hernia on preoperative 
ultrasound corresponded to the perioperative findings 
during inguinal hernia surgery. In addition, we aimed to 
identify factors that may contribute to FP preoperative 
ultrasounds.

Material and methods
Study population
This pilot study concerned a retrospective cohort study. 
All consecutive patients (aged 18 or older) with high 

suspicion of an inguinal hernia, who underwent a pre-
operative ultrasound examination reported to be posi-
tive for inguinal hernia, and subsequently underwent 
hernia repair in our local inguinal hernia expertise 
center in 2019, were retrospectively included in this 
study.

All types of inguinal hernias (primary, recurrent, direct, 
indirect and femoral hernia) were included. All types of 
inguinal hernia repair, including laparoscopic (transab-
dominal preperitoneal (TAPP) repair and total extraperi-
toneal (TEP) repair) or open techniques (Lichtenstein, 
STOPPA), were included. Patients were excluded in case 
preoperative ultrasonography was performed elsewhere, 
when it concerned an incarcerated, strangulated inguinal 
hernia (medical emergency) or sports hernia, or when 
the ultrasound was obtained more than 6 months before 
surgery.

Ultrasonography
Preoperative ultrasonography was performed on two 
hospital locations using two different ultrasound devices. 
On one location a Siemens ACUSON S2000 was used 
with a linear array probe 9L4 (4–9 megahertz (MHz)), 
14L5 (5–14  MHz) and sometimes, in case of obese 
patients, the convex probe 6C2 (2–6  MHz). On the 
other location the Philips Epiq 7G with a linear array 
probe L12-3, L12-5 (5–12 MHz) or a convex probe C9-2 
(2–9 MHz), C5-1 was used.

The Sectra picture archive and communication system 
(PACS) was used. In this PACS the images are saved in 
DICOM by default. Both fixed and cineloop images were 
made and standardized images were acquired accord-
ing to protocol. All ultrasounds were generated by thor-
oughly trained ultrasound technicians (n = 33). They 
completed a 4-year study followed by additional training 
within the specific specialty. The ultrasound technicians 
were supervised by radiologists (n = 22) who read and 
reported the ultrasounds.

The inguinal ultrasound examination was performed 
according to protocol. The ultrasound technician visual-
ized the area of the inguinal canal in supine and standing 
position, while performing dynamic maneuvers to detect 
a hernia. In case of an inguinal hernia, it was determined 
whether it was medial or lateral to the epigastric vessels. 
The contents of the hernia sac were described, measured 
and the reproducibility was checked. On indication, the 
largest lymph nodes were imaged and measured. How-
ever, there was no standardized template for documenta-
tion of these findings.

Ultrasound features of hernia included the direct visu-
alization of a hernia sac or a positive Valsalva maneuver, 
which was reducible.
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Data collection
The dataset was generated using the electronic health 
report (EHR) search machine CTcue (CTcue B.V., 
Amsterdam, The Netherlands). Additional information 
was collected directly from the EHR.

The following patient characteristics were retrieved 
from clinical reports: age, gender, BMI, medical history, 
symptoms and the conclusion of the physical examina-
tion (swelling, size hernia, Valsalva maneuver).

Work experience of both radiologists and ultrasound 
technicians was collected. This included work experi-
ence in our clinic as well as previous work experience. 
Work experience was then categorized in groups of 
5 years.

Radiology reports were reviewed for the type of trans-
ducer, ultrasound performer and interpreter, use of the 
Valsalva maneuver (positive or negative), size, mass and 
side of the hernia, epigastric veins (identified or not iden-
tified) and the conclusion (diagnosis) of the radiologist.

The following information was obtained from the 
surgery reports: the function of the surgeon (in train-
ing (yes/no); all trainees were supervised by an experi-
enced surgeon), surgery technique, surgery findings and 
complications.

Additionally, the follow-up including the occurrence of 
complications (< 6 months) was collected from the EHR.

Data analysis
Data were analyzed using SPSS version 26 (IBM, 
Armonk, NY, USA). The primary outcome of this pilot 
study was the PPV of ultrasound for the diagnosis of 
inguinal hernia in need of surgery. PPV was calculated 
for the complete study population and separately for 
the study population without a (visible) swelling and/
or a positive Valsalva maneuver. Perioperative findings 
were considered the golden standard and were classified 
as positive or negative for inguinal hernia based on the 
operative reports. If intestine or adipose tissue protruded 
through a weakness in the abdominal wall, the inguinal 
or femoral canal, the patient was classified as positive. 
Inguinal preperitoneal lipomas were also classified as 
positive. All other (incidental) findings, such as an obtu-
rator hernia (unless accordingly classified by ultrasound), 
were classified as negative.

Herniating  preperitoneal lipoma was considered as 
positive because they can resemble true inguinal her-
nias and can be treated in the same manner. Protrusion 
through the internal inguinal ring of extraperitoneal fat 
or of peritoneum with its content is both capable of pro-
ducing the symptoms and signs of an inguinal hernia 
and should be considered equally as important as con-
sequences of distorted regional anatomy. That is, both 

herniated extraperitoneal fat and herniated peritoneum 
and its contents are true inguinal hernias.

To identify potential predictors of FP ultrasounds, 
we determined whether there was a significant differ-
ence between the group patients with FP and true posi-
tive (TP) ultrasound with respect to patient age, gender, 
BMI, previous abdominal surgery, work experience of 
the ultrasound technician (years), work experience of 
the radiologist (years), the size of the inguinal hernia on 
ultrasound (cm) and the time between the preoperative 
ultrasound and the day of surgery. For normally distrib-
uted continuous variables (age and BMI), the independ-
ent t test was used and for continuous variables with a 
skewed distribution (time between ultrasound and sur-
gery) the Mann–Whitney U test. The Fisher’s exact test 
was used for dichotomous variables (sex and previous 
abdominal surgery) and the Chi-square test for nominal 
and ordinal variables (work experience and hernia size).

Continuous variables with a normal distribution were 
expressed as mean ± standard deviation (SD) and contin-
uous variables with a skewed distribution as median with 
interquartile range. Categorical variables were expressed 
as percentages.

Results
Study population
In 2019, 607 patients had undergone inguinal hernia sur-
gery in our hernia repair expertise center. Of 201 patients, 
a preoperative ultrasound of the groin area was available. 
All these ultrasounds were reported to be positive for 
inguinal hernia. Patients with a negative ultrasound had 
not undergone inguinal hernia surgery. In all of the 406 
operated patients who did not have an ultrasound exami-
nation prior to surgery, the diagnosis of inguinal hernia 
was confirmed during the surgery. Of the 201 patients 
with a positive ultrasound, 26 ultrasounds were excluded 
because they were performed earlier than 6  months 
prior to surgery (n = 17) or not performed in our hospi-
tal (n = 9). There were no patients with an incarcerated, 
strangulated inguinal hernia (medical emergency) or 
sports hernia. Thus, 175 patients were included in this 
study. There was only one patient with a lipoma. Some 
data were missing for the following variables: hernia size, 
work experience of the ultrasound technician and work 
experience of the radiologist.

The study population consisted of 162 men (92.6%) and 
13 women (7.4%), with a mean age of 57.1 ± 14.7 years. In 
129 (73.7%) cases, the groin ultrasound was requested by 
the GP, the surgeon requested 27 (15.4%) cases, 4 (2.3%) 
cases were requested by other specialists and data of 15 
(8.6%) cases were missing. The linear array probe L12-5 
(5–12 MHz) was used most often; 82 times (46.9%), fol-
lowed by the linear array probes 9L4 which was used 
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53 times (30.5%) and 14L5 16 times (9.1%). The convex 
probes C5-1 and C9-2 were used 10 (5.5%) and 7 (4.0%) 
times. L12 3/4/6 have been used five times (2.9%) and 
6C2 and L18-5 have both been used once (1.1%).

In 136 cases (77.7%), there was a (visible) swelling and/
or a positive Valsalva maneuver during physical examina-
tion by the surgeon. The median time between the preop-
erative ultrasound and day of surgery was 63 (IQR 42–81) 
days. The most frequently used surgery technique was a 
laparoscopic procedure (n = 161), whereas the minority 
of patients underwent an open procedure (n = 14). Most 
(19.9%) patients had a hernia size on ultrasound between 
1.0 and 1.4  cm (1.37 ± 0.92), however in 37.5% of the 
reports the hernia size was not described. Two patients 
(12.5%) with a FP result developed a postoperative com-
plication (1 wound infection, 1 disproportional inguinal 
pain).

Positive predictive value and potential predictors of false 
positive results
PPV of ultrasound for diagnosing inguinal hernia com-
pared to perioperative findings was 90.9% (159/175). 
PPV for the group without a (visible) swelling was 84.6% 
(33/39; p = 0.102). Figure 1 shows a representative exam-
ple of a TP case and Fig. 2 shows a representative exam-
ple of a FP case.

In the TP group, most ultrasound scans were per-
formed by technicians with 10–14  years of work expe-
rience. In the FP group, most ultrasound scans were 
performed by technicians with less than 5 years of work 
experience. However, there was no significant difference 
between the groups (p = 0.681). In both groups, most 
ultrasounds were read by a radiologist with more than 
20 years of work experience (Table 1).

There was also no significant difference between FP 
results of the different probe frequencies (p = 0.998).

In this pilot study, previously operated patients were 
also included. Twelve of the 175 patients had undergone 
a herniorrhaphy in the past. Nine of these 12 patients had 
undergone a Liechtenstein procedure, one patient had 
a TREP and for the other two patients it was unknown 
what kind of surgery they had undergone.

In 29 cases, the classification in hernia type was not 
correct; 22 lateral inguinal hernias were mislabeled as 
medial inguinal hernias, 5 medial inguinal hernias were 
mislabeled as lateral hernias and 2 femoral hernias were 
mislabeled as a lateral hernia.

We also registered the type of abdominal surgery the 
patient had undergone.

We found a significant difference between the TP 
group and the FP group for the variable BMI (25.8 ± 3.3 
vs 27.6 ± 4.2 (p = 0.043)).

In the FP group, the percentage of technicians < 10 years 
of working experience was highest (66.6%), whereas most 
of the radiologists had > 15  years of working experience 
(60.0%) (Table 1).

Discussion
In our study, we found a PPV of preoperative ultrasound 
to predict an inguinal hernia in need of surgery of 90.9%; 
in other words 9.1% of patients underwent surgery with-
out having an inguinal hernia. This finding is in line with 
previously reported PPVs. We also identified factors that 
are associated with a FP ultrasound when an inguinal 
hernia is suspected, which, to the best of our knowledge, 
has not been done before in this setting.

Awareness of these factors may influence the diagnos-
tic approach by considering alternative imaging modali-
ties such as CT or MRI.

Although the PPV of preoperative ultrasound to 
diagnose inguinal hernia was investigated before, only 

Fig. 1 Illustration of a true positive case. Siemens ACUSON S2000 
with a linear array probe 9L4 H8.00 MHz. H hernia, U urinary bladder

Fig. 2 Illustration of a false positive case. Philips Epiq 7G with a 
convex transducer 5–1 MHz. H presumed hernia, B bone (hip), A 
abdominal wall
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some of these studies used surgery as golden standard. 
By using surgery as golden standard, a reliable PPV 
could be established in this retrospective study.

A higher BMI was identified as a potential predic-
tor for FP results (p = 0.043). Ultrasound is difficult 
to perform in obese patients due to the increased dis-
tance to the target tissue [11–13]. It is more difficult 
to distinguish fatty tissue from material of a hernia. 
Moreover, the increased depth of the inguinal canal 
complicates identification. Compared to MRI and CT, 
ultrasound is the modality that is most constrained by 
obesity [14].

Related literature
Accuracy of ultrasonography is in general known to be 
dependent on the experience of the technician [2, 5, 9]. 
This has however not yet been determined for ingui-
nal hernias. We could not find a significant difference 
between the experience of the examiners in the FP and 
TP ultrasound group.

A few studies compared the accuracy of ultrasound 
technicians to radiologists. No studies were found spe-
cifically for ultrasound examination of the groin. Dawk-
ins et al. [15] found an interpretation discrepancy rate of 
abdominal ultrasounds of 15.5% with radiologists more 

Table 1 Patient characteristics

TP true positive, FP false positive, N number of patients; Significant at p < 0.05

Parameter Complete study 
population

TP ultrasound group FP ultrasound group Significance 
(TP vs FP)

N = 175 N = 159 N = 16

Sex 0.338

 Male 162 (92.6%) 148 (93.1%) 14 (87.5%)

 Female 13 (7.4%) 11 (6.9%) 2 (12.5%)

Age in years 57.1 ± 14.7 57.7 ± 14.9 50.9 ± 10.7 0.076

BMI 26.0 ± 3.4 25.8 ± 3.3 27.6 ± 4.2 0.043

Past abdominal surgery 0.403

 Yes 51 (29.1%) 48 (30.4%) 3 (17.6%)

 No 124 (70.9%) 110 (69.6%) 14 (82.4%)

Work experience ultrasound technician 0.348

Missing 58 51 7

Total 117 108 9

 < 5 years 37 (31.6%) 33 (30.5%) 4 (44.4%)

 5–9 years 13 (11.1%) 11 (10.2%) 2 (22.2%)

 10–14 years 44 (37.6%) 43 (39.8%) 1 (11.1%)

 15–20 years 2 (1.7%) 2 (1.9%) 0 (0.0%)

 > 20 years 21 (17.9%) 19 (17.6%) 2 (22.2%)

Work experience radiologist 0.179

Missing 14 13 1

Total 161 146 15

 < 5 years 20 (12.4%) 19 (13.0%) 1 (6.7%)

 5–9 years 1 (0.6%) 0 (0.0%) 1 (6.7%)

 10–14 years 24 (14.9%) 20 (13.7%) 4 (26.6%)

 15–20 years 51 (31.7%) 48 (32.9%) 3 (20.0%)

 > 20 years 65 (40.4%) 59 (40.4%) 6 (40.0%)

Hernia size in centimeters 1.37 ± 0.92 1.39 ± 0.94 1.13 ± 0 .51 0.919

Time between surgery and ultrasound in days 63.0 (42.0–81.0) 63.0 (41.0–84.0) 60.5 (42.0–76.8) 0.686

Operation technique

 TEP 73 (41.7%) 70 (44.0%) 3 (18.8%)

 TAPP 88 (50.3%) 78 (49.1%) 10 (62.5%)

 Lichtenstein 10 (5.7%) 8 (5.0%) 2 (12.5)

 Other 4 (2.3%) 3 (1.9%) 1 (6.3%)

Postoperative complications 30 (17.1%) 28 (17.6%) 2 (12.5%) 0.557
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likely to correctly assess the ultrasounds. However, this 
difference was not statistically significant. A systematic 
review by Kwee et  al. [9] registered whether the ultra-
sound was interpreted by a radiologist or a technician; 
similar results emerged from these studies.

In our hospital, the ultrasound technicians work under 
the strict supervision of radiologists. At the slightest 
doubt, the radiologist was present during the ultrasound 
examination. We can therefore safely assume that this 
had no influence on FP results.

In the past, peritoneography was the first imaging 
modality of choice for the diagnosis of inguinal/femoral 
hernia [1]. Current guidelines do not recommend this, 
given that significant abnormalities like a preperitoneal 
lipoma cannot be seen. Nowadays an MRI or CT scan is 
recommended when the anamnesis, physical examina-
tion and ultrasound are inconclusive [1].

Limitations and future research
In case of a visible or palpable swelling, there is no need 
to perform an ultrasound unless the physical examina-
tion is inconclusive [1]. In our population, 136 of the 175 
patients (77.7%) presented with a visible swelling and/or 
a positive Valsalva maneuver, which may have resulted in 
a slight overestimation of the PPV. Therefore, we also cal-
culated the PPV of ultrasounds separately for the group 
without a (visible) swelling. The PPV was not significantly 
lower in the group without swelling than the group with a 
(visible) swelling (84.6% vs 90.9%, p = 0.102).

However, the GP or the surgeon only requested ultra-
sounds in case there was insufficient certainty after 
physical examination to make a diagnosis. The fact that 
the diagnosis had indeed been uncertain, can also be 
deduced from the finding that there were also FP out-
comes (almost 10%) in the group that was considered 
clinically positive.

We suspected a potential relationship between pre-
vious inguinal surgery and FP results due to changed 
anatomy or adhesions. However, no significant difference 
between the two groups in changed anatomy or adhe-
sions was found. It is important to note that no FP ultra-
sounds were found in the previously operated patients. 
Thus, it may be important in future studies to distinguish 
between a group with and without previous surgery.

Unfortunately, it was not possible to assess sensitivity 
and specificity of preoperative ultrasound since patients 
with a negative ultrasound were not included in our 
study because they often do not undergo surgery.

Due to the relatively small cohort size and a variety 
of surgical procedures, it was not possible to establish a 
model that could predict the odds on a FP ultrasound. 
For each parameter that can be evaluated in a prediction 

model, approximately 10–15 patients with FP results 
should be included.

Recommendations
Our finding that some of the preoperative ultrasounds 
are FP for inguinal hernia in need of surgery, indicates 
the importance of detailed requests by GP’s and surgeons 
for ultrasound examinations. The request should at least 
contain the indication of the ultrasound examination, 
BMI of the patient, symptoms and findings of the physical 
examination. In this way, the radiologist has more insight 
in the patient’s history and factors that could potentially 
affect the accuracy of the ultrasound. Ideally, radiol-
ogy reports should contain the following items by using 
a standard template: position of the patient during the 
ultrasound examination, use of Valsalva maneuver (posi-
tive or negative), mass and size of the inguinal hernia, 
epigastric veins (identified or not identified), the contents 
of the hernia sac, reducibility and possible limitations of 
the examination due to scanning conditions [16]. A more 
detailed radiology report is especially important in case 
of an inconclusive ultrasound examination.

When the anamnesis and physical examination are 
inconclusive and the ultrasound positive but factors 
associated with FP ultrasound results such as BMI are 
present, the surgeon may consider using additional diag-
nostic imaging like an MRI or CT scan as recommended 
by current guidelines [1]. For an accurate physical and/
or ultrasound examination, it is important to examine the 
patient both in a standing and supine position, consider-
ing that the hernia in some cases can only be seen in a 
certain position or only with the Valsalva maneuver.

An MRI or CT scan with and without Valsalva maneu-
ver is not operator dependent and may provide more cer-
tainty about the diagnosis [1]. In their systematic review, 
Piga et  al. reported that MRI showed promising results 
and seems to be a better alternative than CT. However, 
it is important to note that not enough patients could be 
included in their study to draw strong conclusions [2].

Another quality-enhancing option is a multidiscipli-
nary meeting between radiologists and surgeons to dis-
cuss patients with an inconclusive diagnosis or/and high 
BMI. Together they could decide on alternative treatment 
options such as watchful waiting, additional imaging or 
(diagnostic) surgery.

The use of second lectures of pictures/cineloops in 
abdominal ultrasonography has been investigated previ-
ously and it has been shown that this method is accurate 
and shows high agreement with bedside reading [17]. For 
diagnosing inguinal hernia, it is recommended to include 
a cineloop of the hernia for showing its reducibility [18].

In our hospital, cineloops are not made standard for 
every patient, but on indication based on the pathology. 
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One of the reasons for this is the amount of available data 
storage.

We do not believe it is necessary for radiologists to read 
and report every ultrasound because it was previously 
shown that the rate of incorrect interpretations is not 
significantly different between the radiologists and ultra-
sound technicians [15]. This is, however, only true in a 
situation where adequate training of technicians is avail-
able and supervision by radiologists is easily accessible.

Conclusion
We showed that preoperative ultrasound has a PPV of 
90.9%. BMI was identified as most likely potential predic-
tor of FP ultrasound results.

Patients with FP ultrasound results undergo unneces-
sary surgery with the risk of developing complications 
without solving the patient’s complaints. Moreover, these 
surgeries are of course also a waste of valuable time and 
money.
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