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Late-Term Effects of Extracorporeal Shock Wave Lithotripsy on
Renal Functions

Ekstrakorporeal Sok Dalga Litotripsinin Bobrek Fonksiyonlari Uzerinde Geg
Donem Etkileri
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Background: It has been reported that ischemia-reperfusion injury due to extracorporeal shock wave lithotripsy (ESWL) may adversely
affect renal function by causing renal tubular damage in the acute and chronic periods. The aim of this study was to determine the
late effects of ESWL on renal function in the treatment of kidney stones.

Materials and Methods: Between June and December 2023, 96 patients with renal calculi who applied to the urology ESWL unit, met
the study criteria,and did not have chronic renal disease were included in the study. Of the patients, 66 (69%) were male, 30 (31%) were
female, and the mean age of the patients was 4110 years. All patients underwent a total of 3 sessions of ESWL at 1 week intervals.
Blood samples for preoperative baseline and 3 months postoperative serum blood urea nitrogen (BUN), creatinine, and C-reactive
protein (CRP) levels and 24 hours urine samples for urine creatinine levels were obtained from all patients. Creatinine clearance
in 24 hours urine (Ccr-24) was calculated using the standard creatinine clearance formula. The demographic characteristics of the
patients as well as the total shock wave count (TSW) and total amount of energy (TAE) during the ESWL sessions were recorded.

Results: No statistically significant difference was found between serum BUN, creatinine, and CRP levels before and after ESWL
application [28.2+9.0 vs. 28.6%7.4 mg/dL, 0.83 (0.40-2, 70) vs. 0.84 (0.47-1.88) mg/dL and 3.0 (0.1-79.0) vs. 3.0 (0.1-70.5) mg/L]. The
postop Ccr-24 value was statistically lower than the preop value (101.3%18.4 vs. 97.6%18.8 mL/min; p=0.0058). In addition, there
were no significant differences in BUN, creatinine, CRP, and Ccr-24 values between the groups of patients with TSW <8000 and
28000 (p>0.05).

Conclusion: We found that ESWL may affect renal function by decreasing the glomerular filtration rate calculated by Ccr-24 in the
late period, independent of the session number, TSW, and TAE.

Keywords: Kidney stone, ESWL, kidney function, Ccr-24, total shock wave count

Amac: Ekstrakorporeal sok dalga litotripsin (ESWL) uygulamasina bagli iskemi-reperfiizyon hasarinin akut ve kronik donemde renal
tlbtler hasara neden olarak bobrek fonksiyonlarini olumsuz yénde etkileyebilecegi bildirilmektedir. Bu calismada amag, bobrek tasi
tedavisinde uygulanan ESWLnin bobrek fonksiyonu tizerindeki geg donem etkilerini belirlemekti.

Gereg ve Yontemler: Haziran-Aralik 2023 tarihleri arasinda, uroloji ESWL Unitesine miracaat eden, ¢alisma kriterlerine uygun ve
kronik renal hastaligi olmayan bobrek tasi olan toplam 96 hasta galismaya dahil edildi. Hastalarin 66’s1 (%69) erkek, 30'u (%31)
kadin ve hastalarin yas ortalamasi 41£10 idi. Tum hastalara 1 haftalik araliklarla toplam 3 seans ESWL uygulandi. Tum hastalarin
operasyon oncesi bazal ve operasyon sonrasi 3. aydaki serum BUN, kreatinin, C-reaktif protein (CRP) dulzeyleri icin kanlari ve idrar
kreatinin duzeyleri icin 24 saatlik idrarlar alindi. Standart kreatinin klirensi formili ile 24 saatlik idrarda kreatinin klirensi (Ccr-24)
hesaplandi. Hastalarin demografik 6zellikleri yani sira ESWL seanslarinda uygulanan toplam sok dalga sayisi (TSD) ve toplam enerji
miktari (TEM) kayit altina alind.

Bulgular: ESWL uygulamasi dncesi ve uygulama sonrasi serum BUN, kreatinin ve CRP diizeyleri arasinda istatistiksel anlamli
fark saptanmazken [sirasiyla 28,2+9,0'a karsi 28,6%7,4 mg/dL, 0,83 (0,40-2,70) karsi 0,84 (0,47-1,88) mg/dL ve 3,0a (0,1-79,0)
karsi 3,0 (0,1-70,5) mg/L], postop Ccr-24 degeri preop degerinden istatistiksel olarak daha disik saptandi (101,3£18,4% karsi
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acisindan fark yoktu (p>0,05).

97,6+18,8 mL/dk; p=0,0058). Ayrica TSD<8000 olan ve 28000 olan hasta gruplari arasinda BUN, kreatinin, CRP ve Ccr-24 degerleri

Sonug: ESWL uygulamasinin seans sayisi, TSD ve TEM’den bagimsiz olarak ge¢ donemde Ccr-24 ile hesaplanan glomertdiler filtrasyon
hizini diisurerek bobrek fonksiyonlarini etkileyebilece@i saptandi.

Anahtar Kelimeler: Bobrek tasi, ESWL, renal fonksiyon, Ccr-24, toplam sok dalga sayisi

Introduction

Urinary tract stone diseases have become an
important public health problem due to their increase
in parallel with changes in lifestyle, nutritional
content, and climatic conditions all over the world (1).
Today, extracorporeal shock wave lithotripsy (ESWL),
rigid and flexible ureterorenoscopy, percutaneous
nephrolithotomy, robotic and laparoscopic methods,
as well as open surgical methods, which are relatively
rarely used, are used in the treatment of upper urinary
tract stone diseases (2). Among these, ESWL is a highly
effective and non-invasive treatment method and has
been used since the 1980s (3). Although pregnancy,
coagulopathy, and active urinary tract infection are
absolute contraindications for ESWL, its use is becoming
widespread worldwide due to its high success rates in
renal and ureteral calculi. ESWL acts on urinary system
stones by creating a series of mechanical forces, defined
as pressure-induced fracture, fragmentation, cavitation,
and dynamic fatigue, which causes the stones to
disintegrate. Of these, cavitation is considered to play
a major role in tissue damage. While mechanical forces
create the desired effect on the stone, they also cause
undesirable effects in the kidney and adjacent organs,
such as the release of cellular inflammatory mediators
and tissue infiltration of inflammatory response cells (4).
These undesirable effects range from early complications,
such as short-term hematuria and hematoma, to late
complications affecting renal function and systemic
hypertension. Studies showing histopathological
changes in the kidneys after ESWL have demonstrated
endothelial cell damage in the medium-sized arteries,
veins,and glomerular capillaries of the kidneys (5,6). This
damage is usually local and especially affects the arcuate
veins located at the corticomedullary junction, resulting
in hematuria and haematoma (5). Hematuria is the most
common complication and resolves spontaneously within
a few days. Hematoma is usually located intrarenal,
subcapsular, or perirenal and is observed in less than 1%
of patients (7).

Although there is no clear consensus regarding the effect
of ESWL on renal function, the general consensus is that

renal function decreases in the acute period and returns to
its previous values within a short period. On the other hand,
there is still controversy about its late effects.

In this study, we aimed to retrospectively evaluate
the late-term effects of ESWL on renal function using
BUN, creatinine, C-reactive protein (CRP), and creatinine
clearance in 24 hours urine (Ccr-24) levels. In addition, the
relationship between this late-term effect and the number
of sessions, the total shock wave count (TSW) and total
amount of energy (TAE) was analyzed.

Materials and Methods

Between June 2023 and December 2023, a total of 96
patients who met the study criteriaamong 108 patients who
applied to the ESWL unit of the Urology Clinic of Sancaktepe
Sehit Prof. Dr. ilhan Varank Training and Research Hospital
for kidney stones were included in the study. Patients
with bleeding disorder, solitary kidney, urogenital system
abnormality, acute or chronic renal failure, rheumatic
disease (systemic lupus erythematosus, rheumatoid arthritis,
Behcet'’s disease, ankylosing spondylitis, etc.), and previous
treatment with urolithiasis were excluded. Before starting
the ESWL procedure, all patients’ medical histories were
obtained, and physical examinations were performed. Age,
gender, imaging method, and stone location and size were
recorded. Serum BUN, creatinine, CRP, and 24 hours urine
creatinine levels were measured before ESWL. To estimate
the glomerular filtration rate (GFR), Ccr-24 was calculated
using the following formula (8):

Cer24=[(Ucr x V)/Scr] x 1.73/A,

Ccr=(mL/min/1.73 m?), Ucr=Urinary creatinine (umol/L)
Scr=Serum creatinine (umol/L),V=Urine volume (mL/min)
A=Body surface area=(4xweight+7)/(weight+90)

Urine analysis and/or urine culture were performed in
all patients. Appropriate antibiotic treatment was started in
patients with urine culture growth,and ESWL sessions were
postponed until urine culture was negative.

The ESWL procedure was performed with a Storz
Medical X-FP-S device while the patient was in the supine
position. A maximum of 4000 shock waves with 60-
80 kV power were applied in each session. Fluoroscopy
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was used for localization of radiopaque stones and
ultrasonography for radiolucent stones. At the end of the
ESWL session, if the stone did not break (or did not shrink
sufficiently) and no complications developed, a repeat
session was planned 7 days later,and a total of 3 sessions
were performed. Success was defined as a stone-free
status or the presence of clinically insignificant residual
fragments (€4 mm). Patients who were not successful at
the end of the third session were referred to alternative
treatment approaches. Patients considered successful
were called for follow-up at 3 months after ESWL. Serum
BUN, creatinine, and CRP levels and 24 hours urine
creatinine levels were measured in these patients. Ccr-24
values were recalculated.

Statistical Analysis

SPSS Statistic (IBM Corp, 25 Version, Chicago, USA)
software was used for data analysis. The Kolmogorov-
Smirnov normality test was applied to test the data
distribution. The chi-square test was used to analyze
categorical variables. The paired t-test was used to compare
parametric data of dependent groups consisting of two
groups, and the Wilcoxon matched-pairs test was used
to compare non-parametric data. The unpaired t-test and
Mann-Whitney U test were used to compare parametric
data of independent groups consisting of two groups and
non-parametric data, respectively. Pearson’s correlation
analysis was used for parametric data and Spearman’s
correlation analysis for non-parametric data to evaluate the
relationship between independent variables.

Ethical Approval

Ethical approval for this study was granted by the
Scientific Research Ethics Committee of Sancaktepe Sehit
Prof. Dr. ilhan Varank Training and Research Hospital
(approval number: E-46059653- 050.99-243909969, dated:
16.05.2024). All patients were informed about the study and
provided informed consent.

Power Analysis of the Study

The minimum number of subjects required for this
study was based on data from a study investigating renal
function markers after percutaneous nephrolithotomy in
patients with one kidney (9). Based on these data,an a priori
power analysis (G*Power, Version 3.1, Dusseldorf, Germany)
estimated that a study using the eGFR test to estimate GFR
required at least 70 dependent experimental subjects (effect
size d=0.3021, 0=0.05, power=0.80). However, for a stronger
prediction, the dependent group of this independent study
comprised 96 subjects.

Results

The mean age of the 96 patients (Male/Female: 66/30)
included in the study was 41£10 years and the mean body
mass index (BMI) was 27.1%4.7 (Table 1). The right/left
location of the stones was 61/38 (63%/39%). There were 52
(55%) stones localized in the renal pelvis, 19 (20%) in the
upper calyx, 12 (12.5%) in the middle calyx and 13 (13.5%)
in the lower calyx. Complications developed in a total of 6
patients after ESWL procedure. One patient with intrarenal
hematoma was hospitalized and treated conservatively. Two
patients who developed the stone-tract were treated with
ureteroscopy. Two patients with severe pain and 1 patient
with high fever were treated conservatively.

When serum BUN, creatinine, and CRP levels before
(preop) and after (postop) ESWL application were
analyzed, there was no statistically significant difference
between pre-op and post-op BUN, creatinine, and CRP
levels (p>0.05) (Figures 1A, 1B, 1D, Table 2). However,
there was a statistically significant difference between
preop and postop Ccr-24 values (Figure 1C). The postop
Ccr-24 values were statistically lower compared to preop
(p=0.0058). In the correlation analysis performed to
explain this decrease in postop Ccr-24 levels after ESWL,
there was no statistically significant correlation between
postop Ccr-24 levels and TAE, session number, and TSW
values [Spearman’s r (rs) <0.20 and p>0.05] (Figure 2).
There was a high positive correlation between TAE values,
session number, and TSW (rs=0.8913, 95% Cl: 0.8393-
0.9271, p<0.0001 and rs=0.8668, 95% Cl: 0.8043-0.9103,
p<0.0001, respectively). There was also a statistically
strong positive correlation between session number
and TSW (rs=0.8978, 95% Cl: 0.8488-0.9316, p<0.0001).

Table 1. Demographic and clinical characteristics of patients

included in the study

Demographic and clinical characteristics
Gender, M/F
Kidney with stone, right or left

n (%)

66/30 (69%/31%)
61/38 (63%/39%)
52 (55%)

19 (20%)

12 (12.5%)

13 (13.5%)

Pelvis

Upper calyx
Middle calyx

Lower calyx

Stone location

Hematoma 1(1%)
Stone pathway | 2 (2.1%)
Complications Severe pain 2 (2.1%)
High fever 1(1%)
Total 6 (6.25%)

M/F: Male/Female
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These significant correlations were expected. Because the
number of sessions increased, the amount of TAE and TSW
naturally applied increased.

When the ESWL-treated patients were compared
according to the TSW (Table 3), no significant difference
was observed between the groups with TSW <8000
and TSW 28000 in terms of gender, age, BMI, stone size
and stone hardness (p>0.05). Similarly, there was no
statistically significant difference between preop and
postop BUN, creatinine, CRP, and Ccr-24 levels in these
groups (p>0.05). The TAE and session number values of
the group with TSW28000 were found to be statistically
significantly higher than those of the group with TSW
<8000 [180 (120-210) vs. 65 (40-140) and 3.0 (2.0-3.0)
vs. 1.0 (1.0-2.0); p<0.0001]. These results are expected.
Because the number of exposed joules and the number of
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Figure 1. Bar graph representing (A) serum BUN, (B) creatinine, (C)
Ccr-24, and (D) CRP levels before (preop) and after (postop) ESWL
application. There was no difference between A) serum BUN, B)
creatinine, and D) CRP levels before (preop) and after (postop)
ESWL application. C) On the other hand, postop Ccr-24 values were
observed to be statistically lower than preop values. *Wilcoxon
matched-pairs test, “Paired t-test

BUN: Blood urea nitrogen, Ccr-24: Creatinine clearance in 24 hours urine,
CRP: C-reactive protein, ESWL: Extracorporeal shock wave lithotripsy

sessions will also be high in those with high TSW values.
As a result, there would be no difference in terms of renal
function between those who were exposed to high-energy
(or sessions number) and those who were not.

Discussion

ESWL has been frequently accepted and applied as the
first choice in the treatment of upper urinary tract stone
diseases. The fact that it does not require hospitalization
and is non-invasive are among the reasons for its
preference. It is also one of the most useful methods
available for the treatment of urolithiasis because
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Figure 2. Corelation between Ccr-24 and TAE, session number, and
TSW. TAE, sessions number and TSW values were not statistically
significant correlations between the postop Ccr-24 values in the
correlation analysis

rs: Spearman correlation coefficient, Ccr-24: Creatinine clearance in 24
hours urine, TSW: Total shock wave count, TAE: Total amount of energy

Table 2. Comparison of kidney function tests and Ccr-24 values

preop and postop ESWL application

ESWL
p-value
Preop Postop
n 96 96
BUN, mg/dL 28.2%9.0 28.6%7.4 °0.5143
. 0.83 0.84 )
Kreatinin, mg/dL (0.40-2.70) | (0.47-1.88) 0.0900
Ccr-24, mL/min/1.73 m? 101.3#18,4 | 97.6+18.8 | °0.0058
3.0 3.0 R
Ao (01-79.0) | (0.1-705) | 01609
3Wilcoxon matched pairs test; ®Paired t-test. The statistical significance level
is p<0.05. Parametric data were presented as mean * standard deviation, and
non-parametric data were presented as median (minimum-maximum), ESWL:
Extracorporeal shock wave lithotripsy, BUN: Blood urea nitrogen, Ccr-24:
Creatinine clearance in 24 hours urine, CRP: C-reactive protein
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there is no alternative to this method, and this method
is currently being developed. After its widespread use,
various studies have been conducted to investigate the
early and late adverse effects of ESWL on renal function,
and reversible histological changes have been observed
in the renal parenchyma in the acute period (10,11).
Ischemia-reperfusion-mediated oxidative stress during
the procedure was attributed to the physiopathology of
the event. This condition has been suggested to cause
parenchymal or tubular damage in the kidney. Renal
parenchymal damage may affect renal function and GFR,
leading to decreased urea/creatinine excretion (or serum
retention). These changes led to the observation of ESWL-
induced renal injury (11). Among these, serum creatinine
is still the gold standard for renal injury despite its many
interferences and renal excretion problems. In recent
years, biomarkers such as kidney injury molecule-1 (KIM-
1), neutrophil gelatinase-associated lipocalin (NGAL),and
cystatin C have been proposed for the detection of renal
injury (12). However, for most such devices, the problem
of standardization or harmonization for routine use has
still not been solved. Studies showing the effects of ESWL
on renal function have shown that GFR decreases after
ESWL, but this change returns to normal within the first
24 hours (13,14). Until recently, several markers that may
reveal renal damage before and after ESWL treatment

have been evaluated. However, because their results are
not conclusive, more detailed studies with larger samples
should be performed (11). In this study, urea, creatinine,
Ccr-24,and CRP (an important indicator of tissue damage/
inflammation), which are routine laboratory tests, were
used to monitor the presence of ESWL-induced damage
in our patients.

Although various mechanisms have been proposed to
explain the mechanism of tissue damage, cavitation is more
prominent. In addition to the direct mechanical effects
caused by cavitation, free radicals play an important role in
cell destruction (15). There are also various studies showing
that it causes morphological changes in renal tissues, such
as focal parenchymal damage and subcapsular haematoma
(16). In our study, renal hematoma developed in 1 patient.
In animal experiments, ESWL has been shown to cause
damage to blood vessels, renal tubules, Bowman’s capsule,
renal corpuscles,and mesangial cells (17).Studies on urinary
enzymes indicating renal damage have also shown that
urinary enzyme levels are transiently elevated and return to
normal within a few days (18).

To date, there are no studies showing the long-term
effects of ESWL on the kidneys. Animal studies in rabbits
and dogs have shown that renal fibrosis develops in a dose-
dependent manner (17,19).Willis et al.(20) showed that renal
damage after ESWL is directly proportional to the number

Table 3. Comparison of renal function and CRP levels according to the total number of shock waves received by patients with ESWL

Total shock number

<8000 28000 e
n 69 27 =
Sex,M (%) 48 (70%) 18 (67%) €0.810
Age 41 (21-63) 44 (15-65) 40.2556
BMI, kg/m? 27 (18-38) 26 (17-38) 40.6956
Stone size (mm) 10 (5-16) 9 (5-12) 90.1389
Stone hardness, HU, 890 (312-1615) 1040 (508-1456) 90.1749
Number of sessions, n 1.0 (1.0-2.0) 3.0 (2.0-3.0) 4<0.0001
TAE, joule 65 (40-140) 180 (120-210) 4<0.0001
Preop BUN level, (mg/dL) 29 (10-62) 25 (18-44) 40.3944
Postop BUN, (mg/dL) 30 (10-50) 25 (17-38) 40.0841
Preop kreatinin level, (mg/dL) 0.82 (0.40-2.70) 0.84 (0.49-1.14) 90.9902
Postop kreatinin (mg/dL) 0.88 (0.47-1.88) 0.83 (0.50-1.22) 90.3202
Preop Ccr-24, mL/min/1.73m? 105 (43-139) 103 (62-140) 90.6249
Postop Ccr-24, mL/min/1.73m? 102 (44-134) 102 (72-134) 90.8930
Preop CRP level, (mg/L) 3.0 (0.1-79.0) 4.6 (0.6-69.0) 90.3472
Postop CRP level, (mg/L) 3.0 (0.1-70.5) 3.0 (0.1-30.0) 40.9297
Chi-square test, “Mann-Whitney U test, ¢ Unpaired t-test, the statistical significance level is p<0.05. Parametric data were presented as mean * standard deviation,
and non-parametric data were presented as median (minimum-maximum), CRP: C-reactive protein, ESWL: Extracorporeal shock wave lithotripsy, M: Male, BMI: Body
mass index, HU: Hounsfield unit, TAE: Total amount of energy, BUN: Blood urea nitrogen, Ccr-24: Creatinine clearance in 24 hours urine
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of shock waves and the amount of energy (20). In studies
conducted to investigate the effects of ESWL on GFR, Sheir
and Gad (21) reported a significant increase in GFR after
ESWL, Saxby (22) reported a significant decrease in GFR,and
Cass (23) reported a decrease in GFR in some patients and
anincrease in others.When these reports are compared with
the results obtained in our study, it can be understood that
some of the results do not completely overlap with other
results. The finding of a significant decrease in Ccr-24,which
is still the most important indicator of GFR, overlapped with
our study. In addition, the lack of significant changes in BUN,
creatinine,and CRP among the parameters evaluated in our
study was similar to previous studies (24,25).

It was an interesting finding that there was no difference
in blood creatinine levels before and 3 months after ESWL,
but there was a difference in Ccr-24 levels calculated from
the creatinine levels. The possible reason for this was
the fact that blood creatinine levels were not a sensitive
indicator of kidney damage. However, Ccr-24, which was
performed using both urine and blood creatinine levels
and was found to have a high correlation with GFR, is a
more sensitive measure of kidney function than serum
creatinine (26,27). Creatinine is the breakdown product
of creatine phosphate found in dietary meat and skeletal
muscle. Its production in the body depends on muscle
mass. Because the glomerulus freely filters creatinine, the
Ccr-24 ratio is close to the GFR calculation. When blood
creatinine levels are very high, Ccr-24 may overestimate
GFR by approximately 10% because creatinine excretion
by peritubular capillary increases. However, this error is
relatively minor in people without renal problems and
those with creatinine conversion within the physiological
limits. In addition, despite problems such as incomplete
urine collection in non-cooperative patients, Ccr-24
measurement is a standardized method widely used in
GFR measurement due to its high accuracy (26,28). In this
study, we investigated whether ESWL application has a
constructive effect on renal damage in the postoperative
chronic period. We actually found a significant decrease in
Ccr-24 levels, while we did not detect a significant change
in blood creatinine and BUN levels to coincide with the
above information. The possible physiopathological
explanation for this finding is that loss of renal function
or damage in the chronic period should be detected using
more sensitive biomarkers. In conclusion, a well-organized
Ccr-24 test is a good indicator of renal function loss during
the chronic period of ESWL. In this context, ESWL is not
a completely noninvasive approach. It should be kept in
mind that it may have chronic effects as well as acute
effects.

Study Limitations

Because this study is a retrospective analytical study, the
cause-effect relationship is weaker than that in prospective
studies. Whether the change in Ccr-24 values in the late
period is related to the number of sessions, TSW, and TAE
needs to be tested with a larger sample. In addition, the
study should be confirmed with a study including other
markers of renal damage, such as NGAL and KIM-1, since
incomplete collection of 24 hours urine in some patients
may affect the results.

Conclusion

It was found that ESWL may affect renal function by
decreasing the GFR calculated using Ccr-24 in the late period.
However, no significant relationship was found between this
late effect and the number of sessions, TSW, and TAE.
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Program Evaluation of the Problem-Based Learning Module of
Hamidiye Medical Faculty First Year Students

Hamidiye Tip Fakiiltesi Donem 1 Ogrencilerinin Probleme Dayali Ogrenme
Modulunun Program Degerlendirmesi

® Sezen Milli Avtan?, ® Erdogan Cetinkaya?, ® Huilya Eyigor?, ® Serdar Polat?

!Health Sciences University Tiirkiye, Hamidiye Faculty of Medicine, Department of Medical Education, Istanbul, Tiirkiye
“Health Sciences University Tiirkiye, Hamidiye Faculty of Medicine, Department of Administration, istanbul, Tiirkiye

Background: Problem-based learning (PBL) is a small group education in which students direct their own learning processes. Our
aim in our study is to evaluate the program of the PBL module that we conducted with first-year students.

Materials and Methods: A total of 176 first-year students and 16 instructors attended the training. The PBL module was completed
in 3 days. A pre-test with 16 questions and a post-test consisting of the same pre-test questions were administered to the students
at the end of the training. Data analysis was performed using SPSS 25. Compliance of the data with normal distribution was
determined using the Shapiro-Wilk test. The changes between pre-and post-training scores were examined using the Wilcoxon test.
In this study, the type | error rate was 0.05. Approximately 4 weeks after the training, a focus group was held, and the interview was
recorded. The qualitative data were evaluated by two researchers. The transcribed text was divided into themes and subthemes. The
Kirkpatrick and logic model for program evaluation were used as the program evaluation model.

Results: According to Kirkpatrick level 1 evaluation, satisfaction with the training was high in both surveys and focus group studies.
According to Kirkpatrick level 2, a significant increase in success was detected between the pretest and posttest of the students
(pre-test average: 7, post-test average: 12, p<0.05). In addition, the average success rate of students was 35 out of 39 points. With the
logic model evaluation, the inputs (resources), activities, results, short, medium and long-term goals of education were revealed,and
it was determined that the short- and medium-term goals were achieved.

ABSTRACT

Conclusion: As a result of the program evaluation, it was determined that the satisfaction of first-year students and instructors with
the PBL education was high, and the PBL success of the students was at the desired level.

Keywords: Problem based learning, PBL, program evaluation, qualitative research

onemli bir kiiguik grup egitim yontemidir. Calismamizdaki amacimiz donem 1 6grencilerimizle gergeklestirdigimiz PBL modulunin
program degerlendirmesini yapmaktir.

Gereg ve Yontemler: Egitime 176 donem 1 6grencisi ve 16 PBL egitmeni katilmistir. Egitim moduild, her glin 2 egitim saati olmak
lizere 3 ayri giinde tamamlanmistir. Ogrencilere 16 soruluk bir 6n test ve egitim sonunda yine dn test sorularinin aynisindan olusan
bir son test uygulanmistir. Verilerin analizi SPSS 25 programi ile gergeklestirilmistir. Verilerin normal dagilima uygunluklari Shapiro-
Wilk testi ile egitim oncesi ve sonrasi puanlar arasindaki degisim Wilcoxon testi ile incelenmistir. Arastirmada tip | hata orani 0,05
olarak alinmistir. E§itimden yaklasik 4 hafta sonra iki tip egitimcisi ve 10 6grenciden olusan bir odak grup calismasi yapilmis ve
gorusme kayda alinmistir. Nitel verilerin degerlendirilmesi iki arastirmaci tarafindan yapilmistir. Yaziya dokulen metin tema ve alt
temalara ayrilmistir. Program Degerlendirme igin Kirkpatrick ve Logic Model program degerlendirme modeli olarak kullanilmistir.

Bulgular: Kirkpatrick 1. diizey degerlendirmeye gore hem anketler hem de odak grup calismasinda egitimden duyulan memnuniyet
yuksek olarak bulunmustur. Kirkpatrick 2. dizeye gore 6grencilerin on test ve son testleri arasinda anlamli bir basari artisi
saptanmistir (6n test ortalama: 7, son test ortalama: 12, p <0,05) Ayrica 6grencilerin ortalama basarisi 39 puan uzerinden 35 olarak
bulunmustur. Logic model degerlendirmesi ile egitimin girdileri (kaynaklari), aktiviteleri, sonuglari, kisa, orta ve uzun vadeli hedefleri
ortaya konulmus ve kisa ve orta vadeli hedeflere ulasildigi saptanmistir.

Sonug: Program degerlendirmesi sonucunda donem 1 6grencileri ve egitmenlerin PBL egitiminden duyduklari memnuniyetin yiiksek
oldugu ayrica 6grencilerin PBL basarilarinin da istenilen dizeyde oldugu saptanmistir.

Anahtar Kelimeler: Probleme dayali 6grenme, PDO, program degerlendirme, niteliksel arastirma
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Introduction

Program evaluation is the process of systematically
collecting information about the structure and quality of an
educational program.Program evaluation measures whether
educational programs can achieve learning objectives. It
is decided whether the training program will continue or
not through program evaluation strategies (1). The most
frequently used program evaluation models in medical
education are the Kirkpatrick program evaluation model,
Context, Input, Process, Product model, and logic model.

Problem-based learning (PBL) is a student-centered and
structured learning method. This method was created to
reduce the intensive information load in classical medical
education and ensure that theoretical knowledge becomes
more permanent. The most important feature of this
method is that it allows vertical integration between basic
and clinical medical sciences (2).

A clinical problem defined in PBL is transformed into a
scenario. This scenario was discussed with a group of 7-8
students and a training facilitator. Students try to solve
this clinical problem and diagnose the patient using their
knowledge. They used brainstorming to discuss possible
hypotheses. When their current knowledge could not
explain the hypothesis, they reached their knowledge limit
and set new learning goals.

They shared the new learning objectives that they
had researched with the group in the next session (3,4).
PBL originates from constructivist theory and has been
associated with multiple intelligence theory (5,6).

Although research has shown that PBL is appreciated
by students, no studies have examined the benefits of PBL
using systematic program evaluation methods (1,3,5,6,7).

In this research, our aim is to evaluate the PBL training
received by Hamidiye Medical Faculty first term students. For
this purpose, we aim to make a more systematic evaluation
using program evaluation models. Although program
evaluation models are diverse, their use in educational
research is not very common. Although some researchers
have evaluated their PBL training, these evaluations were
not based on a program evaluation method (1,7,8,9,10). In
our study, we aimed to carry out the program evaluation of
PBL education by using the

Kirkpatrick program evaluation model and the Logic
evaluation model together. In this context, we believe that
our study will contribute to the literature.

Material and Methods

Our PBL training, which we evaluated, was conducted
by 176 first-term students at the Hamidiye Medical Faculty

of Medicine and 16 faculty members. Before the training,
2 meetings were held with 16 trainers regarding the
implementation of problem-based training. The students
were divided into groups of 11 people.PBL groups consisting
of an instructor and 11 students were created. Before the PBL
scenario training, students were given a pretest designed to
cover all scenario learning objectives (16 questions). After
the students completed the PBL training, which consisted
of approximately 2 hours and 3 separate sessions, they were
given a posttest with the same questions as the pretest. In
addition, at the end of the training, both the instructors and
students were asked to evaluate by conducting a survey.

We used Kirkpatrick’s 4-stage model and the logic
model together in the program evaluation of our study. We
evaluated whether students and instructors were satisfied
with the training at the first level of Kirkpatrick through
surveys and a focus group qualitative study we conducted
with the students at the end of the training.We evaluated
educational success at the Kirkpatrick 2" level using the
difference between the pre- and post-tests and the model
form in which the instructors evaluated the students. Using
the logical model, we evaluated the inputs/resources of
education, the activities carried out during education, the
outputs of education and the short, medium and long-term
outcomes of these outputs.

The focus group method was used for the qualitative
part of the study. Ten first-year students and 2 qualitative
researchers participated in the focus group study. Verbal
permission was obtained from the students for the focus
group meeting,and brief information was provided about the
focus group study. The answers given to the semi-structured
questions prepared by the trainers with the support of the
literature were recorded. The interviews lasted about 45-
50 minutes. At the end of the focus group discussion, the
recordings were transcribed on the same day. The themes
and subthemes related to the content were determined by
two medical evaluators. Ethics Committee approval was
obtained from the University of Health Sciences Tirkiye,
Hamidiye Scientific Research Ethics Committee (approval
number: 24/29, date: 19.01.2024).

Statistical Analysis

Data analysis was performed using IBM SPSS 25. The
suitability of the data for normal distribution was examined
using the Shapiro-Wilk test. For quantitative variables,
median, minimum, and maximum values are presented.
The changes in test scores before and after training were
examined using the Wilcoxon test. In this study, the type |
error rate was 0.05 (p<0.05). Exploratory factor analysis was
assessed using Kaiser Meyer Olkin (KMO) and Bartlett’s test,
confirmatory factor analysis using Root Mean Square Error
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of Approximation (RMSEA), and reliability using Cronbach’s
alpha.

Thematic analysis was used to analyze qualitative data.

The interview records transcribed after the focus group
meeting were arranged and tabulated by removing themes
and subthemes.

G Power (3.1.9.7) indicated that the power to detect
small effects for the most complicated analyses (using
effect size w=0.3, and desired power=0.95, alpha=0.05, two
tailed; y? tests -Goodness-of-fit tests: Contingency tables)
would total n=172.

Results

According to student and instructor surveys in the
Kirkpatrick level 1 evaluation, satisfaction with PBL was

found to be at the desired level. The results of the 5-point
Likert-type student PBL evaluation survey are presented
in Table 1. The survey was completed by 119 of the 176
students who participated in the training. Fourty-seven of
the students participating in the survey were female, and
72 were male. The average age of the students is 18.6%1.10
(15-24; median:18). The satisfaction survey of the PBL
instructors is presented in Table 2. Eeleven out of the 16
instructors completed the survey. The verbal comments of
the students and instructors are included at the end of both
tables.

The answers received as a result of the focus group
interview were shaped around 2 main themes. These are
the positive aspects of the applied PBL and the aspects that
require improvement. The main themes and subthemes are
presented in Table 3. In the focus group interview, sentence

Table 1. Results of student PBL evaluation survey

| was informed about the structure of the PBL module, training content, and resources to be used

Strongly agree: 43.7,Agree: 43.7,Not sure: 8.4, Dissagree: 1.7, Strongly disagree: 2.5

The PBL module was well organized

Strongly agree: 73.1,Agree: 22.7,Not sure: 0, Dissagree: 3.4, Strongly disagree: 0.8

A positive studying atmosphere was created during the sessions

Strongly agree: 55.5,Agree: 39.5, No sure: 1.6, Dissagree: 0, Strongly disagree: 3.4

| understood the module learning objectives

Strongly agree: 42,Agree: 42.9,No sure: 9.2, Dissagree: 3.4, Strongly disagree: 2.5

Iwas able to actively participate in the discussions

Strongly agree: 52.9,Agree: 34.5,No sure: 6.7, Dissagree: 2.5, Strongly disagree: 3.4

| am encouraged to ask questions

Strongly agree: 42.9,Agree: 42, No sure: 9.2, Dissagree: 3.4, Strongly disagree: 2.5

The scenario met the learning objectives and guided me well

Strongly agree: 43.7, Agree: 44.5, No sure: 5.9, Dissagree: 2.5, Strongly disagree: 3.4

Easy access to educational resources

Strongly agree: 29.4,Agree: 41.2, No sure: 20.2, Dissagree: 5.8, Strongly disagree: 3.4

Most of the information requested in the scenario was related to my curriculum topics

Strongly agree: 42,Agree: 44.5, No sure: 5.9, Dissagree: 4.2, Strongly disagree: 3.4

The PBL module positively affected my personal development and motivation

Strongly agree: 50.4,Agree: 38.7,No sure: 6.7, Dissagree: 0.8, Strongly disagree: 3.4

How many points would you give to the module you applied (10 being the highest and 1 being the lowest)

Average score: 8.24

Please write down what you would like us to add

It was an excellent education
The PBL should be increased

There should have been a simpler disease in the scenario
The educational environment could have been better organized
| liked PBL more than the lecture material

It should have been included in the images along with the patient information

*All numbers are percentages (%). PBL: Problem-based learning
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Table 2. Results of instructor PBL evaluation survey

The PBL sessions were well organized

Strongly agree: 27,Agree: 36, Not sure: 18, Dissagree: 18, Strongly disagree: 0

The time management of the PBL sessions was successful

Strongly agree: 45,Agree: 36, Not sure: 9, Dissagree: 9, Strongly disagree: 0

Goals and learning objectives were achieved

Strongly agree: 73,Agree: 27,No sure: 0, Dissagree: O, Strongly disagree: O

All the students participated in discussions during the sessions

Strongly agree: 36,Agree: 55, No sure: 0, Dissagree: 9, Strongly disagree: 0

Students benefited from the resources and attended the sessions prepared

Strongly agree: 18,Agree: 27,No sure: 45, Dissagree: 0, Strongly disagree: 9

Students generally completed PBL successfully

Strongly agree: 73,Agree: 27,No sure: 0, Dissagree: 0, Strongly disagree: 0

Please write down what you would like us to add

The sessions were very fun and successful, but some students were unprepared

An efficient educational strategy for students to develop positive behaviors and learn well
Useful for communication, self-directed learning and permanent learning

There were some problems with the physical environment. like sound insulation

It is a very important goal for students to have close contact with faculty members
Overall, very efficient

| am satisfied with the student interest and participation

"All numbers are percentages (%). PBL: Problem-based learning

Table 3. Focus group interview results

Positive aspects of PBL Aspects of PBL that require improvement
Positive effects on learning Difficulty accessing educational resources
| experience low attention and motivation in lecture hall lessons. | had difficulty accessing some of the educational resources. Therefore, |

| did not experience these situations in the PBL. | felt like a doctor | was not well prepared for some learning objectives (P7)
for the first time (P1)
While some teachers shared very detailed training resources, others did

The script was very good. | was able to empathize with the not. | needed more help with research (P5)
patient in this scenario. Therefore, | think my knowledge is more
permanent (P2) Organizational problems
There were problems with sound insulation in some classrooms. This
| believe we achieved more efficient education with faculty sometimes prevented us from getting the results we wanted from the
members thanks to small group work (P4) course (P7)
Increasing the motivation to learn | couldn’t study very well because it coincided with my Summative exam.

PBL awakened a sense of curiosity in me. The lecture hall class was | | wish the PBL time was not close to the exam (P9)
very monotonous; | had the chance to meet friends | had never met
before (P3) PBL time seemed short to me, but the sessions were more productive
than | thought. The duration of sessions can be increased (P6)

It felt good to be able to make eye contact with our mentor and
friends during the training (P5) The number of PBLs should be increased. The study time between PBL
sessions should be increased (P8)

Direction to research

Thanks to PBL, my desire to pursue research increased. | better Increasing the attractiveness of scenarios

understood how to conduct research (P4) | think we should choose scenarios before training. Thus, it can arouse
more curiosity (P2)

Providing interactive education opportunities | was not very motivated in the first session. The first session was not

| loved the interactive training; it was like a rehearsal for the work | | productive. | could not internalize the scenario (P9)
will do in 6 years (P10)
PBL scoring revision

Supporting self-learning | want the contribution of the PBL score to the summative exam to be
In PBL, we shape our own learning, which is very productive. We do | increased. We worked with great pleasure and worked hard for the PBL.
not have this opportunity in lecture hall classes (P6) | think we deserved more points (P1)

PBL: Problem-based learning, P1,2,3,...: Participant 1,2,3,...

199



200

Hamidiye Med J 2024;5(4):196-202
Milli Avtan et al. Program Evaluation in Problem Based Learning

samples from students were coded as participants 1,2,3...
(P1,2,3...).

The scale was found to be highly reliable (Cronbach’s
alpha: 0.944) and valid (exploratory factor analysis, KMO:
0.926; and Bartlett’s test: 973.602; confirmatory factor
analysis, RMSE: 0.733).

According to the Kirkpatrick level 2 evaluation results,
term 1 students received an average of 35 points out of
39 based on performance evaluations made in 3 separate
PBL sessions. The overall success score was calculated
as the median. Minimum and maximum scores are 5 and
maximum score is 39. It was determined that there was
a significant difference between the success scores of the
students before and after the training and that the post-
test scores were higher than the pre-test scores (p<0.001)
(Table 4).

In the evaluation conducted using the logic model, the
resources used for training, activities performed, program
outputs, and results were examined (Table 5).

Discussion

Kirkpatrick level 1 evaluation measures satisfaction with
PBLtraining.This evaluation was conducted through student
and educator surveys and focus group studies. According
to the survey results, the students stated that a positive
educational atmosphere was created,and the modules were
well organized.Similar to our study,AlHaqwi (11) emphasized
the importance of educators in PBL at their two medical
faculties. In their studies, the authors stated the importance
of the trainer in training motivation and creating a friendly
training environment (11). In a study where Akdogan et al.
(12) expressed the opinions of students in PBL, they stated

Table 4. Term 1 students’ pre- and post-test results

Pre-test

Post-test

z-value p-value

Achievement score 7 (3-13)

12 (7-16)

-9.993 <0.001*

*p<0

Table 5. Logic model evaluation

Activities

Outcomes

Inputs/Resources

Output

Sixteen instructors(faculty
members)

Pre-training meetings
approximately 2 hours

Twelve trainers attended the face-to-face
meetings prior to training. An online meeting
was held with 2 instructors

Modification of attitudes
and perceptions

16 PBL hall

3 sessions x2 hours in total,and 6
hours of scenario training

The PBL training was conducted with 16
instructors and 176 first-term students

Acquisition of knowledge
and skills

2 Educational secretaries

Post-training meetings
approximately 1 hour

All instructors and two medical educators
attended the face-to-face meetings after the
training.Verbal feedback was received at the
meeting

Behavioral change

1 manager responsible for
organization

Student surveys for educational
evaluations

119 of the 176 students answered the post-
training survey

Changes inorganizational
and educational practices

1 vice dean (responsible
for undergraduate medical
education)

Instructor survey for training
evaluation

11 of the 16 instructors answered the post-
training survey

Benefits to patients and
relatives

Sufficient stationery

Focus group discussions to
evaluate student satisfaction

A focus group interview was held with 10
randomly selected students. Two medical
educators attended the meeting

Various medical education
scenarios

Reporting of training and
presentation for program
evaluation

The faculty member in charge of the PBL
training program presented the PBL report to
the faculty member in charge of the program
evaluation

2 medical educators
responsible for educational
organization

Evaluation meetings of managers
and staff

176 term 1 students

PBL: Problem-based learning
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that learning goals were easily achieved with a suitable
scenario and the support of instructors. Similarly, in our
study, the students stated that they actively participated
in the discussions and easily achieved their learning goals.
Trainers similarly expressed their satisfaction with the PBL
training. However, instructors state that some students
arrive to the modules without being sufficiently prepared
and therefore cannot achieve their desired performances.
Krasne et al. (13) also showed in their study that first-year
medical students performed lower than third-year medical
students, especially in terms of access to resources and
effective educational preparation. Students emphasized
important details in their verbal responses to the surveys
and focus group discussions. Students say that they like PBL
more than lecture halls, that their motivation increases, and
that they learn to research. They also stated that with this
training,they felt like a doctor for the first time and that they
had taken on their own learning responsibilities. There are
similar studies in the literature that support our findings.
Nandi et al.(14),in their study comparing traditional medical
education with PBL, showed that PBL supports self-learning
and positively affects students’ social skills and motivation.
Lee et al. (15) showed that PBL prepared students more
professionally for medicine, while Koh et al. (16) showed
that it supported social and cognitive skills much better.
In the focus group discussion, students mentioned some
negative experiences. These are problems with the scenario
and problems with the organization. Some students stated
that directing students to resources was insufficient. After
training, various arrangements were made regarding these
problems. When the literature review reveals that there are
similar organizational or scenario-related problems with
PBL. In their longitudinal study, Okubo et al. (17) mentioned
the positive features of PBL as well as organizational
problems that can be observed during training. Musal et al.
(1) obtained interesting results regarding PBL training that
they evaluated through a focus group study. Musal et al. (1)
expressed the negative aspects of PBL as problems related
to the training hall and training materials.

Kirkpatrick's level 2 assessment evaluates student
achievement. In our study, there was a significant increase
in the pre- and post-tests, which consisted of the same
questions for the students. Additionally, students were
evaluated through a method that monitored their class
participation, appropriate information gathering, and
professional attitudes. In this evaluation, students received
an average of 35 of 39 points. Qualitative and quantitative
studies in the literature indicate that student success in PBL
is high (7).

Evaluation using the logic model is important because
it offers people a more systematic evaluation opportunity.

In this study, we created a wide-ranging scale for the logic
model evaluation.This scale consisted of resources,activities,
outputs, and outcomes. Thanks to this table, potential
deficiencies in the program can be understood more easily.
In the literature, we did not find a program evaluation study
that used the logic model in PBL. However, there are many
logical model studies on medical education in the literature.
Armstrong et al. (18) demonstrated that they achieved the
expected outcomes in a logic model study in which they
evaluated the success of their faculty development program
they created. In this study, we detected positive behavioral
improvements in the students at the end of the training.
We can say that this is the most important output of the
PBL. In surveys and focus group studies, we revealed that
students feel that they are learning more effectively than
in classical education. In addition, PBL is used by educators
and students to develop social skills, improve motivation,
and support self-learning. At the end of the evaluation,
we made revisions to our training organization and PBL
training. Rajashekaraet et al. (19) used the logic model in
their studies showing whether 8 basic learning goals were
achieved at the end of the training.

Conclusion

In our study, we believe that PBL is a useful training
for both instructors and students in general and in many
aspects,and we should increase the number of PBL trainings.
It can be concluded that in the long term, physicians
trained with this PBL training will be much more successful
in communication, social accountability, and a positive
approach to patient care.
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Early Transient Dysphagia in Acute Brain Stem Infarction
Akut Beyin Sapi Infarktlarinda Erken Gecici Disfaji
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Background: Electromyographical techniques are not used to investigate early transient dysphagia in stroke patients with brainstem
infarction (BSI). This study aimed to employ electrophysiological methods to determine the presence of swallowing difficulties and
the underlying pathophysiology of dysphagia in patients who have experienced an acute brainstem stroke.

Materials and Methods: This prospective study included 20 age-matched healthy individuals and 53 patients with BSI who
experienced stroke within nine days of each other. Electrophysiological techniques, including dysphagia limit (DL) and sequential
water swallowing (SWS) tests, were employed.

Results: Clinical dysphagia was observed in 21.0% of patients with BSI. Dysphagia, as determined by DL and SWS tests, was present
in 52.7% of patients. Patients with cerebellar and medullary infarctions exhibited more severe dysphagia. Subclinical dysphagia
was found in 54.7% of patients. Within 4 weeks, two-thirds of patients regained their ability to swallow, while one-third remained
dysphagic.
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Conclusion: Dysphagia is a severe symptom complex that can be fatal in a significant proportion of stroke cases. This study examined
the electrical anomalies associated with swallowing in patients with acute BSI and explored the possible pathophysiological
mechanisms underlying swallowing disorders caused by brainstem stroke. The electrophysiological techniques demonstrated in
this study are quick, simple to use, noninvasive, and safe for patients, making them valuable for identifying subclinical dysphagia.

Keywords: Brainstem stroke, swallowing tests, electrophysiological methods, sequential water swallowing test, clinical dysphagia

Amac: Bugline kadar, beyin sapi infarkti (BSI) olan felcli hastalarda erken gegici disfajiyi arastirmak icin elektromiyografik teknikler
kullanitmamistir. Bu calisma, akut beyin sapi infarkti gecirmis hastalarda yutma gucliginin varligini ve disfajinin altta yatan
patofizyolojisini belirlemek icin elektrofizyolojik yontemler kullanmayr amaglamaktadir.

Gereg ve Yontemler: Bu prospektif calismaya, yas uyumlu 20 saglikli birey ve dokuz giin icinde inme gegiren beyin sapi enfarkttisu
(BSI) olan 53 hasta dahil edildi. Disfaji limiti (DL) ve ardisik su yutma (SWS) testlerini iceren elektrofizyolojik teknikler kullanildi.

Bulgular: Hastalarin %271’inde klinik disfaji gozlendi. DL ve SWS testleri ile belirlenen disfaji, hastalarin %52,7’sinde mevcuttu.
Serebellar ve meddller enfarktiisti olanlarda daha siddetli disfaji goruldi. Hastalarin %54,7’sinde subklinik disfaji saptandi. Dort
hafta icinde hastalarin Ugte ikisi yutma yetenegini yeniden kazandi, Gcte birinde disfaji devam etti.

Sonug: Disfaji, inme olgularinin 6nemli bir kisminda 6limciil olabilen ciddi bir semptom kompleksidir. Bu ¢alisma, akut beyin sapi
infarktli hastalarda yutmayla iliskili elektriksel anomalileri incelemekte ve beyin sapi infarktinin neden oldugu yutma bozuklugunun
altinda yatan olasi patofizyolojik slregleri arastirmaktadir. Bu calismada gosterilen elektrofizyolojik teknikler hizlidir, kullanimi
basittir, invaziv degildir ve hastalar icin guvenlidir; bu da onlari subklinik disfajiyi tanimlamada degerli kilar.

Anahtar Kelimeler: Beyin sapi infarkti, yutma testleri, elektrofizyolojik yontemler, ardisik su yutma testi, klinik disfaji
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Introduction

Materials and Methods

Dysphagia is a recognized complication of both acute
and hemorrhagic stroke, with 37.0-78.0% of patients with
acute stroke experiencing difficulties in swallowing (1).
The prevalence of dysphagia varies depending on the
timing and method of evaluation (2). It is more common in
patients with acute stroke than in those often presumed to
have the condition, even when they do not exhibit apparent
symptoms related to deglutition. Aspiration pneumonia,
with an incidence ranging from 13.0% to 33.0%, is more
common among stroke patients with dysphagia (3,4,5).
Impaired swallowing is associated with a three-fold increase
in mortality risk, primarily due to pneumonia (6). Early
identification of dysphagia in patients with acute stroke
significantly reduces the risk of aspiration pneumonia, a
potentially fatal but preventable complication (7). Although
dysphagia often resolves within a few days to a week
after stroke (8), studying the early physiological changes
in oropharyngeal swallowing is crucial for early diagnosis
using bedside examinations and noninvasive screening
methods (7,9,10). Nevertheless, 2-12% of stroke patients
continue to experience dysphagia in the first month, and
7% may still struggle with swallowing 3 months after the
stroke (11,12,13,14). Mild dysphagia is observed in nearly all
patients with stroke (15).The stroke region plays a significant
role in the prevalence of dysphagia, with dysphagia being
highly prevalent in patients with carotid artery involvement
(8). Approximately 25% of strokes are caused by brainstem
lesions, of which dysphagia is a frequent consequence
(16). In brainstem stroke (BSS) patients, dysphagia tends
to be more severe and less likely to resolve spontaneously
compared with those with hemispheric stroke. Although
lateral medullary infarction (LMI) has been studied in
relation to dysphagia, few studies have explored dysphagia
in other brainstem regions (17,18). This study aimed to
investigate voluntary swallowing in patients with acute
BSS using electrophysiological techniques to identify the
pathophysiological changes associated with neurogenic
oropharyngeal dysphagia, to elucidate the spectrum and
prevalence of both subclinical (acute transient dysphagia)
and overt dysphagia in relation to the involvement of
various brainstem regions, and to determine whether
acute temporary dysphagia, as identified through clinical
procedures, resolves within a week or persists beyond
hospital discharge.

We examined 53 patients (34 males, 19 females) with
brainstem infarction (BSI) affecting unilateral regions. The
mean age of the patient sample was 64.9 years (range
37-84). This study included patients presenting to our
Neurology department with an acute first stroke occurring
between 1 and 9 days before presentation (mean duration
five days). ALl patients were conscious and medically stable.
We categorized patients into the following three groups:

Group A: Patients without signs or symptoms related to
swallowing since stroke onset.

Group B: Patients with dysphagic complaints and
symptoms from stroke onset that were completely resolved
by hospital discharge.

Group C: Patients with clinical dysphagia observed at
stroke onset that persisted until hospital discharge.

Groups A and B remained hospitalized for 3 weeks,
whereas group C was discharged after 4 weeks. Patients
who were confused or comatose were excluded. We also
included 20 healthy volunteers (18 females, 2 males)
without neurological, cardiovascular, cerebrovascular, or
oropharyngeal disorders as a control group. The mean
age of the control group was 63.9 years (range 56-75).
All control subjects were selected from hospital staff and
underwent normal neurogenic examinations. We performed
a neurological evaluation of each patient to confirm the
stroke diagnosis, clinical syndrome, pathological subtype,
and functional effects using the Functional Independence
Measurement score and the Level of Cognitive Functioning
score.

Magnetic resonance imaging was used consistently
to confirm stroke diagnosis, examine lesion location, and
identify stroke type (ischemic or hemorrhagic). Enrollment
was limited to patients with acute BSI. At admission, clinical
and biochemical markers were assessed to evaluate dietary
and hemodynamic conditions. A detailed neurological
examination of the face, tongue, mouth, pharynx, and larynx
was performed for each patient, and the patients were
thoroughly questioned regarding dysphagia and aspiration.
Within 2 days of hospitalization, a neurologist conducted a
clinical bedside test to evaluate swallowing abnormalities.
Dysphagia severity (DD) was ranked as follows (19):

Grade | (DD-I): No clinical or reported dysphagia.

Grade Il (DD-II): The patient did not report dysphagia,
but clinical examination revealed very mild dysphagia,
including inappropriate voluntary cough and dysarthria.

Grade IlI (DD-II1): The patient reported dysphagia but
managed swallowing with non-oral feeding. Additional
clinical indications included wet voice, cough during trial
swallows, and dysphonia.
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Grade IV (DD-IV): Evident clinical dysphagia requiring
non-oral feeding and associated with aspiration.

Assessment of Voluntary Swallowing Electrophysiologically

Patients were instructed to sit in a chair and maintain an
upright, neutral head position throughout the examination.
Surface silver chloride electrodes were placed on both
sides of the midline under the chin at a distance of 1 cm to
record the activity of the submental muscle (SM) complex,
including the mylohyoid,geniohyoid,and anterior digastricus
muscles. Activities were recorded using a four-channel
electromyograph (EMG) instrument (Nicolet Viking-V11.0).
The analysis duration was 20 s. After filtering (100 Hz to 10
kHz), the signals were amplified, rectified, and integrated.
Concurrently, a respiratory signal was acquired using a
nasal cannula (Sleep Sense SLP Tel Aviv Israel) placed at the
nasal entrance and linked to an airflow sensor transducer.
The two EMG channels were connected to the breathing
sensor output. The direction of the airflow was recorded
using positive and negative polarities for expiration and
inspiration, respectively. For respiratory recordings, EMG
filters were set at a bandpass frequency of 0.2-30 Hz. The
entire analysis time was 20 s.

Simultaneously, electrocardiogram data were captured
using silver chloride cup electrodes, with one electrode
positioned on the second left intercostal region and the
other on the dorsum of the hand. The signals were amplified
and filtered (band pass 0.2 Hz to 30 Hz).

Dysphagia Limit (DL)

The DL technique was previously described (19). This
study employed the same electrophysiological methods
to investigate the “DL’, which is sensitive and specific for
tracking neurogenic dysphagia. The DL is based on the
physiological phenomenon where an oral bolus of a
large liquid volume is split into two or more portions and
effectively swallowed. Normally, individuals can swallow a
20 mL bolus of water in a single swallow. However, those
with reduced swallowing ability may require two or more
swallows for a bolus of less than 20 mL, referred to as
piecemeal deglutition. Piecemeal deglutition at a volume of
20 mL is considered abnormal and indicates dysphagia. The
DL is the volume of water below 20 mL at which piecemeal
deglutition occurs. Electrophysiological recordings can
detect swallowing difficulties of various etiologies.

Participants received 3,5, 10, 15,and 20 mL of water in
steps. The examiner instructed the subjects to immediately
swallow each bolus. A graduated syringe was used to
progressively deliver water into the mouth behind the
incisors; swallows were initiated with water on the tongue
and the tip of the tongue touching the upper incisors. Rapid

rearward-directed water delivery was avoided to prevent
the early escape of water flow to the pharynx and possible
gag response. At the examiner's command, oscilloscopic
traces were initiated for swallowing. If piecemeal
deglutition or any indication of subglottic aspiration (e.g.,
wet voice or coughing) was observed, the examination was
halted. The subjects were asked to speak between each
test. If fragmented deglutition was suspected, the process
was repeated and documented using the same volume of
water. The term “normal DL refers to piecemeal deglutition
occurring in healthy individuals when swallowing at or
above a water volume of 20 mL. Otherwise, a water volume
of 20 mL was considered abnormal (21) (Figure 1).

Sequential Water-Swallowing (SWS)

All patients and control group members underwent the
“SWS” test as previously described (22,23). Participants were
instructed to sip 50 mL of water continuously from a cup as
they would in daily life. The water temperature was 25°C.
EMG traces appeared on the screen for a few seconds before
the start command for SWS was given. The analysis took
20s. Each subject completed three repetitions of the SWS
test, with the third trial being considered the most accurate
measurement. The following variables were recorded:

Number of swallows occurring while drinking water.

Total time spent drinking 50 mL of water continuously.

Total duration of apnea during the 50 mL SWS.

Figure 1. A) Five milliliters of water swallowed by a patient with
mesencephalic infarction. B) DL of 5 mL discrete swallows in a
patient with pontin infarction who swallowed water twice in a
short interval

*Apnea during water swallowing, DL: Dysphagia limit, SM: Submental
muscle, EMG: Electromyograph, RESP: Respiration
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During SWS, the number of swallows was determined
by counting the periodic motions of the SM-EMG. The total
duration of SWS was calculated from the start of the first
swallow burst at the end of the final swallow burst using SM-
EMG traces. The swallowing apnea duration was measured
at the end of the previous respiratory cycle until the
reappearance of the first respiratory cycle. Patients provided
written informed consent, and the study was approved by
the institutional research ethics review board. The study
was approved by the Izmir Katip Celebi University Faculty
of Medicine Clinical Research Ethics Committee (approval
number: 75, date: 07.05.2014).

Statistical Analysis

Descriptive summary statistics were reported as mean #
SD,minimum,and maximum,depending on data distribution.
Categorical variables were assessed using chi-square tests
and Fisher’s exact test. Groups were compared using Kruskal-
Wallis and Mann-Whitney U tests for continuous variables,
depending on the data distribution. Post hoc comparison
testing was completed using Bonferroni correction. All
analyses were two-tailed, and significance was set at 5%.
The statistical analysis was conducted using SPSS 15.0 for
Windows.

Results

Imaging analyses confirmed that all patients had
ischemic stroke and no prior cerebrovascular disease.
Among the 53 patients, 30 (56.6%) had pontine infarcts,
13 (24.6%) medullary infarcts (7 lateral, 6 medial), 5 (9.4%)
mesencephalic infarcts, and 5 (9.4%) cerebellar infarcts. Of
the 53 BSS patients, 11 (21%) exhibited clinical dysphagia,
with infarcts located in the medulla oblongata (6), pons (4),
and cerebellum (1). The remaining 42 (79%) BSS patients
reported no difficulty swallowing.

DL

The DL was >20 mL of water in all normal subjects,
whereas it was definitively pathological and 20 mL in 5

of 11 (45%) BSS patients with Grade Il clinical dysphagia
(ranging from 3-15 mL of water). Forty-two patients (79%)
were clinically non-dysphagic, but a pathological DL was
recorded in 15 of these 42 patients (35.7%), indicating
subclinical dysphagia, with DL values ranging between 1
and 20 mL. Overall,among the 53 patients with and without
clinical swallowing complaints,a total of 20 patients (37.7%)
demonstrated pathological DL. The highest prevalence of
pathological DL was observed in patients with cerebellar
infarction (3 out of 5 patients), followed by those with
medullary infarction (5 out of 13 patients) and pontine
infarction (10 out of 30 patients).

SWS

The total duration of swallowing (p<0.001), swallowing
apnea (p<0.001),and the number of swallows (p<0.05) were
significantly prolonged in all BSS patients compared with the
normal subjects (Table 1). Figure 2 illustrate the SWS values
in patients with pontine infarction and healthy subjects. The
duration of swallowing was significantly longer in patients
with pontine infarcts than in other brainstem locations
(p<0.05). Similarly, the duration of swallowing apnea was
significantly prolonged in patients with pontine infarction
(p<0.05). Although the duration of swallowing apnea was
longer in subjects with other brainstem involvements
than in healthy subjects, the correlation did not reach
a significant level. The total number of swallows did not
significantly differ between patients with BSS and healthy
subjects (Table 2).

During the 50 mL SWS, two healthy participants (10%)
demonstrated compensatory respiration cycles (CRC),
particularly between the last successive swallow intervals
of SWS. CRCs were recorded in 27 patients (52.9%) and
observed more than once, appearing not only during the
last inter-swallow interval but also during the middle
inter-swallow interval of SWS. Figure 3 illustrates CRC in a
patient with medial medullary infarction (MMI). In patients
with BSS, subclinical dysphagia was frequently observed
in the SWS test. Increased duration of swallowing time,

Table 1. Comparison of the total duration of swallowing, swallowing apnea, and number of swallows in all BSS patients and normal

subjects
Meanz SD Minimum Maximum p-value
Normalsubjects 6.91+1.36 4.2 9.5
Total swallowing duration p<0.001
Patients 10.24£3.37 4.5 17
i Normal subjects 6.89%1.49 3.8 9.5
Swallowingapnea - p<0.001
Patients 8.97+3.31 3.5 16
Normal subjects 5.00+0.97 4 7
Number of swallows - p<0.05
Patients 5.86%2.16 3 12
BSS: Brainstem stroke, SD: Standard deviation
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swallow apnea, increased CRC, and to a lesser extent, an
increased number of swallows were found in 21 patients
(50%) without clinical dysphagia. When the pathological
values of the electrophysiological tests (either DL, SWS, or
both) were calculated for the clinically normal patients (42
patients), 23 out of 42 BSS patients (54.7%) presented with
subclinical dysphagia (Figure 4A).

Conversely, in the 11 patients with BSS, clinical
dysphagia was evident at the onset of the stroke. However,
four of these patients showed clinical improvement in the
end of their hospital stay. Furthermore, three patients were
found to be electrophysiologically normal despite mild
clinical symptoms related to oropharyngeal dysphagia. The
last patient, who was electrophysiologically pathologically
diagnosed with dysphagia, demonstrated recovery both
clinically and electrophysiologically upon a second
examination (Figure 4B).

The remaining seven patients were clinically dysphagic
from onset until hospital discharge. Four of these patients
were also electrophysiologically dysphagic (one with
pontine, two with medullary, and one with cerebellar
infarction). Three other patients with medullary infarction
were clinically dysphagic, but their electrophysiological
test results were within normal limits. Figure 5 illustrates
the clinical course of dysphagia in these three groups of
patients.

In summary, when comparing all individual pathological
findings between patients with BSI and healthy subjects,
clinical assessment revealed dysphagia in 21.5% of patients,
pathological DL in 37.7%, and SWS abnormalities in 49%.
When combining the electrophysiological findings (DL+SWS)

for all patients, 52.7% of the BSI patients investigated in the
first week had pathological results.

Figure 2. A) The total duration of swallowing, swallowing apnea,
and the number of swallows were prolonged in a normal subject
and the “foreburst” occured before the apnea interval in the same
patient.B) The duration of apnea was significantly prolonged
in a patient with pontine infarction who also demonstrated a
compensatory respirator cycle

SM: Submental muscle, EMG: Electromyograph, ECG: Electrocardiogram,
RESP: Respiration, EDA: Electrodermal activity

Table 2. Comparison of the total duration of swallowing, swallowing apnea, and number of swallows among all BSS patients

50 mL SWS Group Meanx SD Minimum Maximum p-value
Pons 11.27%3.49 5 17
Mesencephalon 8.90+2.88 6 12
Total swallowing duration 0.042°
Bulbus 8.65+2.80 4.5 13,5
Cerebellum 8.86%2.51 6.3 12
Pons 9.94+3.45 4 16
Mesencephalon 6.80%2.77 3.5 9.5
Swallowing apnea 0.031°
Bulbus 8.11%2.85 5 13.5
Cerebellum 7.20+1.96 5.5 10
Pons 6.34+2.18 4 12
Mesencephalon 4.80%+1.79 3 7
Number of swallows 0.201¢
Bulbus 5.36%2.50 3 11
Cerebellum 5.20+0.84 4 6
3p (pons vs. bulbus)=0.02; *p (pons vs. mesencephalon)=0.046; <p (pons vs. mesencephalon)=0.041, BSS: Brainstem stroke, SD: Standard deviation, SWS: Sequential
water swallowing
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Figure 3. Compensatory respirator cycles (*) in a patient with
medial medullary infarction
SM: Submental muscle, EMG: Electromyograph, RESP: Respiration

Figure 4. A) DL in 10 mL discrete swallow and prolonged apnea
duration in a patient with pontine infarction. B) The second
examination showed that the patient had recovered both clinically
and electrophysiologically

DL: Dysphagia limit, SM: Submental muscle, EMG: Electromyograph, RESP:
Respiration

Figure 5. Clinical course of dysphagia in three groups of patients

Discussion

This study primarily aimed to investigate the incidence
and characteristics of dysphagia in patients with acute BSS
using electrophysiological techniques. Our findings indicate
that even in patients with mild-to-moderate BSS, there is
a high incidence of dysphagia that can be detected using
straightforward and secure electrophysiological methods.
Notably, more than half of the patients exhibited subclinical
or mild dysphagia by the ninth day after stroke onset,
highlighting the sensitivity of these techniques in the early
detection of concealed swallowing issues.

Dysphagia is a significant concern in stroke patients,
particularly because it occurs in approximately 50% of
ischemic stroke cases (9). Early detection of dysphagia
is crucial for reducing the risk of aspiration-related
complications, such as pneumonia, which underscores the
need for diligent bedside examinations and simple screening
tests (6,7,8,10). In recent studies, it was stated that delayed
dysphagia adversely affects the improvement of dysphagia
in patients with stroke and needs to be identified early
(11). Our study contributes to this body of knowledge by
demonstrating that neurophysiological methods,specifically
the DL and SWS tests, are effective tools for identifying
both clinical and subclinical dysphagia in patients with
BSS. The severity of dysphagia in patients with stroke
varies depending on the location of the infarct. Our findings
showed that although dysphagic symptoms are minimal
in cases of mesencephalic infarction, they are significantly
more severe in patients with pontobulbar involvement.
This can be attributed to the impact on critical swallowing
centers and networks, such as the central pattern generator
(CPG), nucleus tractus solitarii,and nucleus ambigus (24,25).
In contrast, neurogenic oropharyngeal dysphagia is less
frequent and less severe in hemispheric strokes, likely due
to early neuroplasticity in the non-affected hemisphere that
aids recovery (26).

The exact nature of transient dysphagia in BSS
remains unclear. However, in LMI, early-stage regional
disconnection between two swallowing networks may
result in severe pharyngeal dysphagia, similar to chronic
Wallenberg syndrome (27,28). Dysphagia in LMI is more
common in patients with rostral lesions, with cortical
connections potentially aiding neuroplasticity (29). Our
study found a higher incidence of dysphagia in patients
with LMI (71%) than in those with MMI cases (33%).
However, due to the small sample size of patients with
medullary infarction, our electrophysiological findings
did not show significant differences in the oropharyngeal
effects between MMI and LML.
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Both LMI and MMI cases often exhibited abnormalities
in DL and SWS, with only one normal case in each group
(6 out of 7 vs. 5 out of 6 pathological). A high incidence
of subclinical or mild dysphagia is expected given the
involvement of the swallowing CPG in the lateral medullary
region and the corticobulbar and corticospinal tracts in
the medial medullary region. Pontine infarction was the
most common in our patient group (56% of all cases), with
all cases being unilateral. Severe clinical dysphagia, like
quadriparesis, is observed in patients with bilateral pontine
infarcts (28). In contrast, our pontine cases were clinically
mild but still showed signs of dysphagia, particularly the
prolonged duration of swallowing 50 mL of water during
SWS.This is likely due to the involvement of the pontobulbar
trigeminal system, especially if oropharyngeal input to the
pontobulbar trigeminal afferent pathway is compromised.
Sensory input to the pontobulbar area comes from the
vagal, glossopharyngeal, and trigeminal-maxillary nerves,
which innervate the oropharyngeal muscles. Any sensory
impairment in this system may lead to dysphagia and
aspiration (30,31). Thus, in pontine infarction, the trigeminal
system may be partially damaged. Additionally, unilateral
facial paresis in some pontine lesions can modestly
contribute to dysphagia (32). Abnormal conduction in the
afferent and efferent swallowing pathways, rather than a
core anomaly in the medullary CPG, is likely responsible
for early transient dysphagia, particularly in patients with
pontine infarction.

It was surprising to find a high number of swallowing
problems in cerebellar infarction despite the few cases.
Oropharyngeal dysphagia is rarely observed in chronic
neurological disorders with severe cerebellar syndrome.
However, in this study, cerebellar infarction may have
distended and compressed the lower brainstem structures
related to deglutition, or the inferior cerebellar peduncle
(corpus restiform), which is anatomically connected to the
lateral medullary region, may have been involved. The
early transient dysphagia observed in cerebellar infarction
cases could be attributed to the indirect involvement of the
CPG in the medullary region. Neuroimaging studies have
shown that experimentally induced swallowing in healthy
individuals can produce hyperdense fields within the
cerebellum (33). Early transient dysphagia in patients with
BSS can be explained by the data obtained from the DL.If a
patient has overt or silent dysphagia, they cannot swallow
water volumes above the 20 mL bolus and must resort to
piecemeal deglutition with less than 20 mL of water. In our
cohort, this type of defective swallowing was detected in
approximately 39% of all patients investigated.

Piecemeal deglutition is essentially a compensatory
and protective mechanism for oropharyngeal swallowing.
However, it also indicates subclinical and clinical dysphagia
in neurological patients, even in the absence of clinical
complaints, as reported previously (20,34). Finally, DL has
been recognized as a reliable, non-invasive quantitative
test with high sensitivity (92%) and specificity (91%) for
detecting and monitoring both clinical and subclinical
dysphagia (20). Thus, in our study, early transient dysphagia
appeared to be a benign process; while patients may be
clinically non-dysphagic, the DL can still indicate previous
dysphagia states after the ‘overt dysphagia” days have
passed. As a more recent screening test, SWS offers a
physiological approach to diagnosing dysphagia, making it
a valuable tool. In our study, 49% of BSS patients exhibited
clear abnormalities in the 50 mL SWS test, with a significant
increase in the duration of swallowing and swallowing
apnea compared with age-matched controls. Patients also
showed a change in the regularity and rhythmicity of their
swallowing pattern,oftenresultingin anirregular,arrhythmic
pattern. Such abnormalities, which were previously reported
in the literature, suggest that the brainstem CPG is involved
in arrhythmic swallowing and compensatory respiration
(23,35). The impaired regularity of the swallowing pattern,
coupled with compensatory respiration, further supports
the notion that early transient dysphagia in BSS patients
may be linked to CPG dysfunction. Given the high incidence
of early transient dysphagia, which is detected in 52.7% of
BSS patients, combining electrophysiological methods for
comprehensive evaluation. These non-invasive, simple-to-
apply techniques are especially suited for use in acute stroke
patients and can be employed in various clinical settings,
including intensive care. Any detected electrophysiological
abnormality should prompt close monitoring of the patient
in the subsequent days and months.

This study has several limitations that should be
considered when interpreting the results. First, the sample
size, particularly for patients with specific types of BSls,
such as medullary infarction, was relatively small, which
may limit the generalizability of our findings. Additionally,
although the electrophysiological methods used in this
study are non-invasive and straightforward, they may not
fully capture the complexity of dysphagia, especially in
patients with subtle or transient symptoms. Furthermore,
the cross-sectional study design did not allow for the
assessment of long-term outcomes related to dysphagia in
these patients. Future studies with larger sample sizes and
longitudinal follow-up are needed to confirm these findings
and to provide a more comprehensive understanding of
dysphagia in stroke patients.
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Study Limitations

The small sample size and the small number of male
patients are the limitations of our study.

Conclusion

In conclusion, this study highlights the importance of
early detection and monitoring of dysphagia in patients
with acute BSS. The use of electrophysiological methods,
such as DL and SWS, is a sensitive and reliable method for
identifying both clinical and subclinical dysphagia, even in
patients with mild to moderate BSS. The high incidence of
dysphagia detected in this study underscores the need for
diligent screening and follow-up in this patient population
to prevent complications such as aspiration pneumonia.
Given the simplicity and non-invasive nature of these
methods, they can be effectively employed in both acute
and chronic care settings. Further research is warranted
to explore the long-term impact of these findings and to
refine the use of electrophysiological techniques in the
management of dysphagia in stroke patients.
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Background: Growth hormone (GH)-related short stature is a rare but important problem during pediatric follow-up.The determination
of pituitary anatomy via pituitary magnetic resonance imaging (MRI) is an important tool in the diagnosis of GH disorders and
acquired pituitary diseases. Pituitary dimensions in children vary according to age, and clear limits are not known. In this study, we
investigated the relationship between pituitary MRI findings and GH in patients with GH deficiency (GHD) and bioinactive GH.

Materials and Methods: A total of 306 pediatric patients with GHD and bioinactive GH were analyzed. Pituitary MR| was performed
in all patients, and the diagnoses were divided into 3 groups: severe GHD, mild-moderate GHD, and bioinactive GH.

Results: According to pituitary size, 63.4% of patients had a normal pituitary MRI scan, 27.5% were hypoplastic, and 0.3% were
hyperplastic. Pituitary height and volume were lower in patients with severe GHD than in the mild-moderate group (p<0.05). The
most effective measurement of pituitary volume was the height of the pituitary gland. A significant correlation was observed
between the height standard deviation score and pituitary height (r=0.824, p<0.001). The relationship between peak GH level
and pathologic MRI was analyzed. Cut-off 14.5 area under the curve (AUC) (95%): 0.59 (0.52-0.67), sensitivity 97%, specificity 95%
(p=0.007).

Conclusion: There was a strong correlation between GH and pituitary size measured by MRI for the estimation of pituitary volume.
Pituitary height measurement alone is an important supportive finding for the diagnosis of isolated GHD in children with slow
growth.

ABSTRACT

Keywords: Bioinactive growth hormone, growth hormone deficiency, magnetic resonance imaging

Amag: Blyume hormonu (BH) iliskili boy kisaligi nadir olmakla beraber ¢ocuk izleminde 6nemli bir sorundur. Hipofiz manyetik
rezonans gorintilemesi (MRG) ile hipofiz anatomisinin belirlenmesi, BH bozukluklari ve edinsel hipofiz hastaliklarinin tanisinda
onemli bir aractir. Cocuklarda hipofiz boyutlari yasa gore degiskenlik gostermektedir ve net sinirlari bilinmemektedir. Bu ¢alismada,
BH eksikligi (BHE) ve biyoinaktif BH tanili hastalarda hipofiz MRG bulgulari ile BH arasinda iliski olup olmadigr arastirildi.

Gereg ve Yontemler: BHE ve biyoinaktif BH tanili 306 ¢ocuk hasta incelendi. Tim hastalara hipofiz MRG ¢ekildi ve tanilar 3 gruba
ayrildi: Agir BHE, hafif-orta BHE ve biyoinaktif BH.

Bulgular: Hipofiz biyukliglne gore hastalarin %63,4'iniin hipofiz MRG taramasi normal, %27,5’inin hipoplastik ve %0,3’Unun
hiperplastikti. Agir BHE olan hastalarda hipofiz ylksekligi ve hacmi, hafif-orta gruba gore daha disukti (p<0,05). Hipofiz hacmini
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tahmin etmede en etkili 6l¢timiin, hipofiz boyu oldugu gorildi. Boy standard sapma skoru ile hipofiz yiiksekligi arasinda anlamli bir
korelasyon gozlendi (r=0,824, p<0,001). Pik BH duzeyi ile patolojik MRG iliskisi incelendi. Cut-off 14,5 egrinin altindaki alan (%95):
0,59 (0,52-0,67), sensitivite %97, spesifite %95 saptandi (p=0,007).

Sonug: BH ve hipofiz hacminin tahmini icin MRG ile olgllen hipofiz boyu arasinda guiclii bir iliski vardir. Yavas buylyen ¢ocuk
hastalarda tek basina hipofiz yiikseklik 6l¢limu izole BHE tanisi koymada 6nemli destekleyici bulgudur.

Anahtar Kelimeler: Biyoinaktif blyime hormonu, biylime hormonu eksikligi, manyetik rezonans gorunttileme

Introduction

Short stature is a common problem in the follow-up of
children. A height below 2 standard deviations score (SDS)
is defined as a short stature. Most variants are variants of
normal. Growth hormone (GH)-related causes are rare (1).
GH deficiency (GHD) is an important endocrine cause with
a frequency of 1/3500-10000 (2). Unfortunately, there is
no gold standard for the diagnosis of GHD. In addition to
compatible auxologic findings, the issues of low growth
rate, delayed bone age, and low insulin-like growth factor-1
(IGF-1) levels have continued to be discussed. Stimulated
GH levels support the diagnosis. Drugs commonly used for
stimulation include L-dopa, clonidine, glucagon, and insulin.
For stimulated GH, values >10 ng/mL are considered normal
(3). However, it is also believed that a reference value
should be determined according to the stimulating agent
used (4). Most cases of GH deficiency are idiopathic, and
only 20% are due to organic causes, including congenital
central nervous system abnormalities, tumors, and other
acquired pathological conditions involving the pituitary-
hypothalamic axis (5). Pituitary imaging is normal in 20-
70% of patients with isolated GHD (IGHD) (6,7,8,9).

In a short child with a low serum IGF-1 level, if the
stimulated GH Llevel is normal, a decrease in GH effect is
considered. The GH-IGF axis may be impaired. If classical
GH insensitivity (Laron syndrome) is not observed, then
Kowarski syndrome (bioinactive GH) is considered (10).

Neuroimaging, particularly magnetic resonance imaging
(MRI) of the pituitary anatomy, is an important tool in GH
disorders, congenital malformations, and acquired pituitary
disease (11). Imaging of the pituitary gland anatomy is
also important for monitoring multiple pituitary hormone
deficiencies (MPHD). In the presence of an abnormal
pituitary gland, other pituitary hormones are likely to be
affected (12). Normal values are presented for each part
of the pituitary gland in adults (11). However, in children,
values vary with age, and no clear cutoff values are known
(12). For the pituitary stalk, values 1 mm are considered
thin (13).

In our study,we analyzed the MRI findings of the pituitary
gland in pediatric patients with GHD and bioinactive GH
who were initiated on GH therapy.

Material and Methods

Our study was a retrospective, single-center analysis
of 306 pediatric patients diagnosed with GHD and
bioinactive GH between May 2021 and February 2023. We
obtained ethical approval from the Scientific Research
Ethics Committee of Health Sciences University Turkiye,
Basaksehir Cam and Sakura City Hospital (approval number:
2023-35, date: 25.01.2023) and recorded the patients’
sociodemographic information. Patients with familial
and structural short stature and syndromic patients were
excluded. The body weight and height of all participants
were measured, and the child metrics program was used
to calculate the height and body weight SDSs based on
published normal values (14,15). All patients underwent
puberty staging using Tanner staging (16,17).

The study evaluated each patient using a GH provocation
test, in which GH levels were measured at 30-60-90-120-
150 minutes after the administration of L-dopa, clonidine,
or glucagon. Patients who exhibited a peak GH value
below 5 ng/mL were considered to have severe GHD,
whereas those with a peak GH value of 5-9,99 ng/mL were
considered to have moderate-mild GHD (18,19,20). Patients
who had normal GH provocation test results but low IGF-1
levels (€2 standard deviation) were subjected to an IGF-1
generation test. Synthetic somatropin GH was administered
subcutaneously for four consecutive days at a dose of 0.1
mg/kg/day. A significant increase in IGF-1 levels above
15 ng/mL compared to baseline was used to diagnose
bioinactive GH (4,21). No molecular studies were conducted
on the patients.

A total of 306 individuals underwent MRI using a 3T
MRI machine (Ingenia; Philips Medical Systems; Best,
Netherlands). The hypophysis MRI protocol was standard
and encompassed sagittal T2-weighted (T2-W) turbo spin
echo (TSE) [repetition time (TR): 3000 milliseconds (ms),
echo time (TE): 80 ms, slice thickness (st): 2.5 mm, field of
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view (FOV): 150 mm].The brain imaging scans used included
sagittal T1-weighted (T1-W) TSE (TR: 557 ms, TE: 7 ms, st:
2.5 mm,FOV: 150 mm, matrix: 216x156 mm, gap: 1), coronal
T2-WTSE (TR: 3000 ms, TE: 80 ms, st: 2.5 mm,FOV: 130 mm,
matrix: 188x163 mm,gap: 1),and coronal T1-WTSE (TR: 557
ms, TE: 7.5 ms, st: 2.5 mm, FOV: 120 mm, matrix: 200x146
mm,gap: 1). Post-contrast imaging included coronal dynamic
T1-WTSE (TR: 12 ms, TE: 884 ms, st: 2.5 mm, FOV: 125 mm,
matrix: 156x110 mm,gap: 1),and sagittal T1-W TSE (TR: 507
ms, TE: 7 ms, FOV: 150 mm, matrix size: 232x179, interslice
gap: 1 mm), and coronal T1-W TSE (TR: 557 ms, TE: 7.5 ms,
st: 2.5 mm, FOV: 120 mm, matrix size: 200x159, interslice
gap: 1 mm) MRI images were retrospectively evaluated by a
9-year experienced pediatric radiologist.

The anterior pituitary dimensions were measured in
three dimensions: height (mm), anteroposterior diameter
(mm), and mediolateral width (mm). The height of the
pituitary gland was measured at the midline in the coronal
T2-W.The anteroposterior diameter of the adenohypophysis
was measured in the sagittal T1-W sequence to avoid
neurohypophysis measurement. The mediolateral width
of the pituitary gland was measured in the delayed post-
contrast coronal T1-W sequence to avoid measuring the
cavernous sinuses (Figure 1).

The anterior pituitary height, coronal width, and volume
were measured according to sex and age. Patients were
classified as “normal pituitary”, “hypoplasic pituitary”, or
“hyperplasic pituitary” using a reference range from a
previous study (22). Pituitary volume was calculated

according to the ellipsoid formula (pituitary height x
pituitary anteroposterior diameter x pituitary width/2) using
the values of pituitary height, pituitary anteroposterior
diameter, and pituitary width (23). Anatomical anomalies,
including pars intermedia cyst, Rathke’s cleft cyst, and
ectopic neurohypophysis, were recorded.

Statistical Analysis

The study data were analyzed using SPSS 24.0 (SPSS
Inc.,Chicago, Illinois). Descriptive statistics are presented as
mean * SD and frequency (%). The Kolmogorov-Smirnov test
was used to assess the normal distribution of continuous
variables between groups. Parameters that fit the normal
distribution were compared using Student’s t-test, and
those that did not fit the normal distribution were compared
using the Mann-Whitney U test. Categorical variables were
compared between groups using the chi-squared test.
Pearson’s correlation analysis was performed according to
the distribution of variables. p-value <0.05 was considered
statistically significant. The diagnostic sensitivity of pituitary
measurements was determined using receiver operating
characteristic (ROC) curve. The cut-off point for the curve
was set at the highest sensitivity and specificity. From there,
the data were recoded and positive predictive values and
negative predictive values were calculated. Confidence
intervals for these values were obtained using the syntax
in SPSS software. This study analyzed the correlations
between pituitary height, anteroposterior diameter, width,
and volume and puberty.

Figure 1. In a 14-year-old female patient with mild-moderate GHD, coronal T2-W (a), sagittal T1-W (b), and post-contrast coronal T1-W (c)
sequences revealed a pituitary gland of normal size, with a measured height of 6.1 mm (a), anteroposterior diameter of 5.5 mm (b), and
mediolateral diameter of 14.6 mm (c). Pituitary gland measurements were performed as follows: height was measured from the midline in the
coronal T2-W sequence, anteroposterior diameter of the anterior pituitary was measured in the sagittal T1-W sequence, and mediolateral width
was measured in the post-contrast coronal T1-W sequence (red lines)

GHD: Growth hormone deficiency, T2-W: T2-weighted, T1-W: T1-weighted
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Results

One hundred and sixty-five (53.9%) male and 141 (46.1%)
female patients were analyzed. The mean age was 9.96£3.25
years [minimum (min.)=0.7 years, maximum (max.)=16.9
years]. The mean height was 123.73%£17.44 cm (min.=57 cm,
max.=159 cm), height SDS value was -2.47#0.79 (min.=-6.8,
max.=-0.43), body weight was 27.66*12.22 kg (min.=6.1 kg,
max.=79 kqg), body weight SDS value was -1.71+1.1 (min.=-
5.9, max.=2.2), body mass index SDS value was -0.42+1.1
(min.=-3.9, max.=3.4). When puberty status was analyzed,
200 patients (65.4%) were prepubertal and 106 patients
(34.6%) were pubertal. Fourteen patients (4.6%) had
hypothyroidism (4 patients had central hypothyroidism).
Three patients had panhypopituitarism and 1 patient had a
history of brain gamma-knife treatment due to a congenital
malformation.

All patients underwent GH stimulation tests. Those who
had a peak GH level below 10 ng/mL during the initial
test underwent a second stimulation test. Of the patients,
63.1% (n=193) were diagnosed with mild-moderate GHD
and 27.1% (n=83) were diagnosed with severe GHD. Patients
with a normal response to either of the two stimulation
tests were subjected to an IGF-1 generation test. Nine
point eight percent of all patients (n=30) were diagnosed
with bioinactive GH by the IGF-1 generation test. GHD and
bioinactive GH were diagnosed in 89.7% and 10.3% of the
males, respectively. On the other hand, GHD and bioinactive
GH were diagnosed in 90.8% and 9.8% of female patients,
respectively. Notably, there was no significant difference
between the genders in terms of diagnoses (p=0.75).

Pituitary MRI was performed in all patients, and the

diagnoses were divided into three groups: severe GHD,

mild-moderate GHD, and bioinactive GH. The MRI images
were then compared. Based on pituitary size, 63.4%
(n=194) of the patients exhibited normal pituitary MRI
scans, 27.5% (n=84) were hypoplastic, and 0.3% (n=1) were
hyperplastic. The table (Table 1) illustrates pituitary MRI
and pathological findings in the examined regions. Thirty-
two point seven percent (n=54) of boys and 22% (n=31) of
girls had pathological MRI scans. MRI pathology was more
prevalent in males than females (p=0.032). Patients with
GHD had a higher incidence of pathologic MRI (29%) than
those with bioinactive GH (16.7%). However, no significant
difference was observed between the groups (p=0,15). The
prevalence of pathologic MRI was 36,1% (n=30) in patients
with severe GHD and 25.9% in those with mild-moderate
GHD (p=0.059). Figure 2 presents an example of a patient’s
pathology.

There were no significant differences in pituitary volume
and height between patients with and without GHD. In
patients with severe GHD, pituitary height and volume
were lower than those with mild-moderate GHD (p=0.04)
(Table 2). Likewise, the width and anteroposterior diameter
measurements did not differ significantly between the
groups (Table 3).The pituitary volume increased significantly
with the progression of puberty (Table 4).

The pituitary volume of individuals with pars intermedia
cyst measured 139.85£62.9 mm?, which was greater than
that of other patients (p=0.045). Due to the limited number
of patients, it is unclear whether this finding affected GHD
or not.

Table 1. MRI findings of all patients

MRI finding Severe GHD Mild-moderate GHD Bioinactive GH Tot?l number of
(n=83) (n=193) (n=30) patients n (%)
Normal 48 125 21 194 (63.4%)
Hypoplasic pituitary 29 50 5 84 (27.5%)
Hyperplasic pituitary 0 1 0 1 (0.3%)
Ectopic neurohypophysis 2 0 0 2 (0.7%)
Arachnoid cyst 0 1 0 1(0.3%)
Encephalomalacia 0 2 0 2 (0.7%)
Agenesis of the corpus callosum 0 0 1 1(0.3%)
Microadenoma 0 2 0 2 (0.7%)
Pars intermedia cysts 4 7 2 13 (4.2%)
Rathke’s kleft cyst 0 3 1 4 (1.3%)
The pituitary gland central region is thin 1 0 1(0.3%)
Enlarged sella 0 1 0 1 (0.3%)
MRI: Magnetic resonance imaging, GHD: Growth hormone deficiency, GH: Growth hormone, n: Number of patients
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The most effective measurement for estimating pituitary height, volume, and peak responses in the GH
pituitary volume was determined to be height (r=0.824, stimulation test, we found no correlation between volume
p<0.001). Subsequent correlation analysis indicated that and peak GH values (r=0.096, p=0.093). However, peak GH
the factors with the greatest impact on volume were height, values increased with increasing height (r=0.133, p=0.02).
anteroposterior diameter, and width. When examining
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Figure 2. In an 11-year-old male patient with severe GHD, coronal T2-W (a), sagittal T1-W (b),and post-contrast coronal T1-W (c) sequences reveal
a hypoplastic pituitary gland that is thinner than the normal gland for the age. The pituitary gland height was 1.8 mm, anteroposterior diameter
was 4.7 mm,and mediolateral diameter was 10.8 mm. The pituitary gland,shown between red arrows,was measured in height from coronal T2-W,
anteroposterior from sagittal, and width from coronal sequences

GHD: Growth hormone deficiency, T2-W: T2-weighted, T1-W: T1-weighted

Table 2. Relationship between pituitary volume, pituitary height, and diagnosis

Diagnosis Pituitary volume (mm?3) Pituitary height (mm) p (95% confidence interval)
GHD (severe and mild to moderate GHD) (n=276) | 103.8+64.79 3.48+1.08 0.88 (volume)

0.57 (height)
Bioinactive GH (n=30) 102.42%47.21 3.36+1.26 0.19 (vo.lume)

0.07 (height)
Severe GHD (n=83) 89.04+48.14 3.05%1.12 0.004 (vo!ume)

0.004 (height)
Mild-moderate GHD (n=193) 110.15%69.91 3.5¢13 0.44 (volume)

: ’ T 0.94 (height)

GHD: Growth hormone deficiency; GH: Growth hormone; n: Number of patients

Table 3. Relationship between pituitary measurement and diagnosis

Diagnosis number of patients (n): SD standard error
Bioinactive GH 30 3.4867 1.08524 0.19814
Pituitary height (mm)
GHD 276 3.3678 1.26460 0.07612
Bioinactive GH 30 11.4500 1.64940 0.30114
Pituitary width (mm)
GHD 276 11.5308 1.94438 0.11704
o . o Bioinactive GH 30 5.0300 0.95381 0.17414
Pituitary anterior-posterior diameter (mm)
GHD 276 5.1069 1.05905 0.06375
o Bioinactive GH 30 102.42580 47.217026 8.620610
Pituitary volume (mm?®)
GHD 276 103.80915 64.791440 3.899986
GHD: Growth hormone deficiency, GH: Growth hormone, n: Number of patients, SD: Standard deviation
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A significant correlation was observed between SDS and
pituitary height (r=0.096,p=0.012),but no similar correlation
was found between other pituitary measurements.

ROC analysis was conducted to examine the association
between GHD and pituitary height, with a cut-off value
of 3.55% area under the curve (AUC) (95% confidence
interval: 0.46, 0.56), sensitivity of 40.6%, and specificity of
40% (p=0.51) (see Figure 3). Additionally, we investigated
the relationship between peak GH levels and pathologic
MRI using a cutoff of 14.5 AUC (95% confidence interval:
0.59, (0.52-0.67), sensitivity of 97%, and specificity of 95%
(p=0.007) (see Figure 4).

Table 4. Relationship between stage of puberty and pituitary
volume

Puberty Number of | Pituitary volume (mm?)

stage patients Mean SD P

1 200 83.45 3718

2 46 108.75 46.41 0.001
3 34 139.75 101.45 0.003
4 8 154.21 53.48 0.007
5 18 224.69 66.88 0.000
SD: Standard deviation

ROC Curve

Sensitivity

0,4 06
1 - Specificity

Diagonal segments are produced by ties.

Figure 3. ROC curve analysis of GHD and pituitary height

ROC: Receiver operating characteristic, GHD: Growth hormone deficiency

DISCUSSION

GHDresultsinshortstature during childhood,slowgrowth
rate, and significantly reduced adult height. Diagnosis is
based on auxologic data, detailed physical examination,and
GH stimulation testing. The decision to perform stimulation
testing is based on clinical findings and auxologic analysis.
Our study involved the application of stimulation tests and
pituitary MRI in all patients. The agents typically used in GH
stimulation tests include clonidine, arginine, and glucagon
(24). For our study, we used L-dopa, clonidine, and glucagon.

A correlation between peak GH levels obtained via
GH stimulation testing and sagittal and coronal pituitary
heights in children with GHD has been reported (25). In
our study,an increase in pituitary height was observed with
increasing peak GH, but there was no effect on volume.

MRI is the optimal method for identifying pituitary
abnormalities. The radiologist’s expertise is crucial
in executing MRI evaluations. T1-W sequences reveal
the brightness of the rear pituitary gland, which the
radiologist must observe in terms of appearance and
location. Our research focused on adenohypophysis. To
avoid neurohypophysis measurement, we measured the
anteroposterior diameter using sagittal T1-W sequences. In
addition, the mediolateral width was measured using post-
contrast coronal T1-W images, excluding the cavernous
sinuses, which have similar intensity to the pituitary gland

ROC Curve

Sensitivity

04 05
1 - Specificity

Diagonal segments are produced by ties.

Figure 4. ROC analysis of peak GH and pathological MRI findings

ROC: Receiver operating characteristic, GHD: Growth hormone deficiency,
MRI: Magnetic resonance imaging
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in T2-W. The height of the pituitary gland was measured at
the midline in the coronal T2-W. The width of the pituitary
gland was measured in the delayed post-contrast coronal
T1-W sequence to avoid measuring the cavernous sinuses.

Ameta-analysis found sellar and parasellar abnormalities
in 58% of patients with non-acquired GHD. Patients with
MPHD were found to have a higher rate of pathology.
Furthermore, patients with a peak stimulated GH level of
5 ng/mL had a higher frequency of severe MRI pathology
(26). In a separate study, the incidence of abnormal MRI in
patients with a peak GH level €5 ng/mL was 36.9%, which
was significantly higher than that in the other groups
(groups with a peak GH level >5 ng/mL). The incidence of
MRI pathology was also high in MPHD (27). In our study, the
frequency of MRI pathology in patients with GHD was 29%.
However, the rate was higher in patients with severe GHD
(36.1%). The frequency of MRI abnormalities was higher
in individuals with severe GHD than in the other groups,
although not significantly.

Although the use of MRI for the diagnosis of IGDH is
not recommended, current guidelines recommend pituitary
MRI in all cases of GHD without discrimination. Tillmann et
al. (11) reported that MRI is highly specific and predictive
in the presence of sessile ectopic neurohypophysis and
hypoplastic anterior pituitary in the diagnosis of GHD.
Abnormal pituitary anatomy has been demonstrated at a rate
of 50% in patients with idiopathic GHD (12). In congenital
GHD, abnormal pituitary anatomy and concomitant pituitary
hormone deficiency may be observed. Pituitary stalk
interruption, thin pituitary stalk, ectopic neurchypophysis,
and pituitary hypoplasia are important MRI findings of
congenital GHD (28). Sharma et al. (29) reported pituitary
hypoplasia as the most important MRI marker of disease
severity in children with congenital GHD (66% IGHD, 34%
MPHD). The finding that significantly predicted MPHD was
pituitary hypoplasia (29).

Because most patients in our study had IGHD, we could
not draw a definitive conclusion on this issue. However, 3
patients with MPHD had pituitary hypoplasia. One of these
patients had congenital GHD.

A previous study revealed that ectopic neurohypophysis
and interrupted pituitary stalk occurred in 48.6% of patients
with IGHD and 93.5% of patients with MPHD (30). Another
neuroimaging-oriented study showed that pituitary MRI
was normal in 67% of patients with IGHD. Since no MPHD
cases displayed isolated anterior pituitary hypoplasia, the
conclusion reached was that IGHD should be considered in
such cases (31). In the present study, 28.6% of patients with
GHD exhibited anterior pituitary hypoplasia. Patients with
severe GHD had a significantly lower pituitary volume than
those in the other groups.

In this study, the average pituitary height of 49 patients
with IGHD was significantly lower than that of the control
group (70 patients). Additionally, in the same study, pituitary
height was observed to be lower during the pre-pubertal
period (32). Another study compared 69 pediatric patients
with IGHD to those with idiopathic short stature and healthy
controls, and the results revealed lower pituitary volume
in the GHD group (33). There was no control group in this
study, but we evaluated it based on a previous study that
established the normal range for pituitary measurements
(22). Comparing the severe GHD group with the other
groups, we found significantly lower pituitary height and
volume. Furthermore, we observed that pituitary volume
increased as puberty progressed.

It is wuncertain whether pituitary microadenoma
contributes to the etiology of GHD. In our study, only 2
patients had microadenomas, a notably lower rate than in
previous studies. It is important to consider the experience
of the radiologist in such cases.

ROC analysis was performed to compare abnormal MRI
findings with peak GH levels, and the results revealed AUCs
of 0.614% and 0.728 for IGHD and MPHD, respectively (27).
In our study,we found a cut-off value of 14.5 AUC (95%):0.59
(0.52-0.67), a sensitivity of 97%, and a specificity of 95% for
the relationship between peak GH level and pathological
MRI. As previously reported in the literature, the frequency
of pathology detection increased with decreasing GH levels.
However, no relationship was observed between peak GH
levels and pituitary height.

Pars intermedia cysts or Rathke cleft cysts are not
expected to result in endocrine disorders unless they are
exceptionally large and do not require special follow-up
(34). Our study found that patients with pars intermedia
cysts did not exhibit low pituitary volume. Additionally,
3.9% of patients with GHD had a pars intermedia cyst,
although it was unclear whether it contributed to the
etiology of GHD given the limited number of patients in
our study.

Pituitary imaging is typically normal in patients with
bioinactive GH, also known as Kowarski syndrome (35).
However, our study found that 5 out of 30 patients with
bioinactive GH (16.6%) had pituitary hypoplasia. In one
patient, a rathke left cyst was present with a size of 11
mm, while the other pituitary hormones were in the normal
range. This unexpected finding requires further support, as
it contradicts the existing literature on the subject.

Study Limitations

This study has several Llimitations, including its
retrospective nature, potential selection bias, and limited
number of patients. The findings may be generalizable to
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some populations, and more extensive prospective studies
are needed to confirm these results. In addition, not having
a control group is a limitation.

Conclusion

In patients with severe GHD, MRI is more effective in
identifying pituitary pathology. Imaging of the pituitary
gland is necessary for severe GHD and MPHD. In the
diagnosis of a slowly growing child with IGHD, pituitary
volume measurement via MRI can be beneficial. The
most reliable measure of pituitary volume is the pituitary
height. Height measurement alone is the most significant
supportive finding for diagnosing GHD.Although current MRI
technology has proven helpful in detecting large structural
lesions, there is optimism that further improvements in
imaging techniques will offer greater benefits to clinical
practice.
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Surgical Approach to Cases with Sternal Dehiscence After
Sternotomy

Sternotomi Sonrasi Sternal Dehisens Gelisen Olgulara Cerrahi Yaklagim
Yontemlerimiz

® Melike Ulker!, ® Hiiseyin Anasiz?

lTekirdag“ Dr. Ismail Fehmi Cumalioglu City Hospital, Clinic of Thoracic Surgery, Tekirdad, Tiirkiye
2 Tekirdag Dr. lsmail Fehmi Cumalioglu City Hospital, Clinic of Cardiovascular Surgery, Tekirdag, Tiirkiye

Background: Sternotomy is the most commonly used method of cardiovascular surgery. Sternal instability and infection in the
region that develops after sternotomy are serious complications. Reoperation is often required to ensure sternal stability. In this
study, we aim to presentthe surgical methods used incases of sternal dehiscence.

Materials and Methods: Between December 2020 and July 2023, 632 patients who underwent sternotomy due to coronary artery
disease and/or valve replacement were retrospectively analyzed at Tekirdag Dr. ismail Fehmi Cumalioglu City Hospital Hospital.

Results: Surgical intervention was performed in 23 (3.6%) cases with sternal dehiscence. The mean age was 62%8.7 years (range: 40-
77) and the majority were male (n=18,78.3%). The operation types were steel wire removal, steel wire reuse, the Robicsek technique,
sternal plate use, and sternal clip use. Two patients who underwent surgery due to sternal dehiscence underwent revision surgery
due to recurrent sternal instability. No morbidity or mortality was observed in any patient who underwent surgery due to dehiscence.

ABSTRACT

Conclusion: Sternal dehiscence is a complication that can cause serious morbidity and mortality, and its intervention is important.
We prefer the application of sternal clips as the most appropriate and physical support material for ensuring stability.

Keywords: Sternotomy, sternal dehiscence, sternal clip

Amag: Kalp ve damar cerrahisinde sternotomi en sik kullanilan yontemdir. Sternotomi sonrasi gelisen sternal insitabilite ve bolgenin
enfeksiyonu ciddi bir komplikasyondur. Sternal stabiliteyi saglamak icin siklikla reoperasyon gerekmektedir. Bu galismada, sternal
dehisens gelisen olgulara uyguladigimiz cerrahi yontemleri sunmayi hedefledik.

Gereg ve Yontemler: Tekirdag Dr. ismail Fehmi Cumalioglu Sehir Hastanesinde, Aralik 2020 ile Temmuz 2023 tarihleri arasinda
koroner arter hastaligi ve/veya kapak replasmani nedenli sternotomi uygulanan 632 hasta retrospektif olarak analiz edildi.

Bulgular: Sternal dehisens gelisen 23 (%3,6) olguya cerrahi miidahale yapildi. Yag ortalamasi 62+8,7 yil (aralik: 40-77) iken buyuk
cogunlugu erkek idi (n=18, %78,3). Operasyon tipleri; celik tel ¢ikartilmasi, tekrar celik tel kullanimi, Robicsek teknigi, sternal plak
kullanimi ve sternal klips kullanimi idi. Sternal dehisens nedenli operasyon gerceklestirdigimiz hastalardan iki tanesi tekrarlayan
sternal instabilite nedenli revizyon operasyona alinmistir. Dehisens nedeni ile cerrahi yapilan hicbir olguda morbidite ve mortalite
izlenmedi.

Sonug: Sternal dehisens ciddi morbidite ve mortalite yaratabilecek bir komplikasyondur ve miidahalesi 6nem arz etmektedir. Stabilite
saglanmasi agisindan en uygun ve fiziksel destekleyici materyal olarak sternal klips uygulamasini tercih etmekteyiz.

Anahtar Kelimeler: Sternotomi, sternal dehisens, sternal klips
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Introduction

Sternotomy is the primary approach in cardiovascular
surgery. Despite a median wound infection incidence of
1% among patients undergoing median sternotomy, the
associated morbidity and mortality rates remain notably
elevated, ranging from 14% to 47%, as reported in the
literature (1). There is currently no universally agreed-upon
surgical method for managing complex cases of median
sternotomy. Essential procedural steps include wound
debridement and foreign material removal.

In cases of type | mediastinitis, closed mediastinal
irrigation may yield successful outcomes, whereas patients
with type [I-V mediastinitis likely benefit most from major
reconstructive surgery. Advances in diagnostic tools and
ongoing evaluation of primary sternal fixation’s advantages
suggest its potential use alongside reconstructive
procedures in type I-lll mediastinitis, aiming to enhance
outcomes in these high-mortality complications (1).

The patient-related risk factors were obesity,
smoking history, hypertension, diabetes, septicemia after
sternotomy, use of the bilateral internal mammary artery
for coronary bypass, chronic obstructive pulmonary disease,
and prolonged use of mechanical ventilation in the
postoperative period. In cases of acute infection, treatment
includes early debridement, antibiotic therapy, and, in
some patients, the use of a pectoralis or omentum flap to
improve vascularization. However, in some of these patients,
the condition is characterized by stitch opening and
chronic wounds. Some separations can only be corrected
by debridement and approximation of the edges until the
tissues involved are in better condition. Although there
are various sternal closure methods, the use of flaps is a
standardized method in some modalities. The selection of
flap is based on the wound type, and the most important
indicator is the amount of tissue loss (2,3).

In this study, we aimed to present the methods and
results of sternal dehiscence cases.

Material and Methods

We retrospectively examined patients who underwent
surgery due to sternal dehiscence during the follow-up
period and who underwent 632 stereotomies for 518
coronary artery diseases, 71 mitral valve replacements, and
43 aortic valve replacements between December 2020
and July 2023 at Tekirdag Dr. ismail Fehmi Cumalioglu City
Hospital. During the postoperative outpatient clinic follow-
up, the development of sternal dehiscence was diagnosed
by clinical examination at different time points. Thorax
computed tomography was performed for mediastinal area

examination and evaluation of existing steel wires. The
acute-phase reactant values were controlled by laboratory
investigations.

Close outpatient follow-up of the cases in our clinic
and accessibility of the patients to their primary surgeons
at all times can facilitate early diagnosis and acceleration
of the treatment plan. Due to early diagnosis, no serious
infections were observed in this series. After diagnosis, the
patients were hospitalized, and intravenous antibiotherapy
was started after consultation with the Department of
infectious diseases. Perioperative images were discussed
with the Department of Infectious Diseases, and
antibiotherapy treatment was extended if necessary during
the postoperative period.

The fact that the materials used for sternal stabilization
are of foreign origin has created access difficulties during
the COVID-19 pandemic. In addition,working in a peripheral
hospital creates transport difficulties. For this reason, in
the first cases, the dislocated steel wires were removed to
prevent infection if the risk of recurrence due to a lack of
equipment was taken into consideration or if partial field
stabilization was relied upon.

During surgery, the infected tissues were debrided, and
the dislocated steel wires were removed. Sternal tissue was
debrided if necessary.Culture was collected from the infected
area, and postoperative antibiotherapy was extended as
necessary. Because the risk of sternal dehiscence is high
in patients withosteoporotic bone structure, the Robicsek
technique was used based on a perioperative decision. The
Robicsek technique consists of placing bilateral peristernal
double rows of wire sutures and then reconnecting the
separated sternal parts with transverse sutures supported
by two double axial suture lines (4). The use of sternal clips
among locally produced sternal stabilization equipment
has increased in our clinic due to the increased accessibility
of sternal clips. The surgical methods are presented as
radiological imaging and perioperative images in Figure 1.

IBM SPSS Statistics Version 26 software was used. The
descriptive results of this study are presented as frequencies
with corresponding percentages for nominal or ordinal
variables. Continuous variables are presented as mean and
standard deviation. Permission for the study was obtained
from Tekirdag Dr. ismail Fehmi Cumalioglu City Hospital
Clinical Research Ethics Committee (approval number:
14/2022, date: 16.12.2022). Informed consent forms were
obtained.

Results

A total of 632 median stereotomies were performed,
and 23 (3.6%) of them underwent surgical intervention due
to the development of sternal dehiscence. The mean age
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was 62%8.7 years (range: 40-77). There were 18 (78.3%)
males and 5 (21.7%) females. Comorbidity was detected in
15 (65.2%) patients. Hypertension was found in 6 (26.1%)
patients, chronic obstructivepulmonary disease in 3 (13%),
diabetes mellitus in 2 (8.7%), congestive heart failure in 2
(8.7%), asthma in 1 (4.3%), and chronic renal failure in 1
(4.3%).The demographic features of the cases are shown in
Table 1.

Local infection was observed in 2 cases (8.7%) and
systemic infection in 4 cases (17.4%). Patients with elevated
acute-phase reactants were operated after intravenous
antibiotic therapy and regression of infection parameters.
The types of operation were 4 (17.4%) steel wire removal,
5 (21.7%) steel wire reuse, 4 (17.4%) Robicsek technique,
2 (8.7%) sternal plate use, and 8 (34.8%) sternal clip use.
In two patients who underwent surgery again using steel
wires due to sternal dehiscence, recurrent sternal instability
was observed during the second week of follow-up after
discharge. Osteomyelitis due to infection in the sternal
tissue caused the steel wires to dislodge again. Intravenous
Figure 1. Sternal clips antibiotic treatment and surgery were planned. While a
sternal plate was used in one case, a steel wire was used

Table 1. Demographic characteristics of the patients

Patients Gender Age | Comorbidities Infection Surgical types
1 Male 77 Hypertension Local Wire removal
2 Male 59 Asthma Local Wire removal
3 Male 66 Heart failure Systemics Wire removal
4 Male 50 None None Wire removal
5 Male 68 Hypertension None Reuse of wire*
6 Male 62 Hypertension None Reuse of wire®
7 Male 51 None None Reuse of wire
8 Male 58 None Systemics Reuse of wire
9 Male 67 Diabetes mellitus Systemics Reuse of wire
10 Male 62 Renal failure None Robicsek technique
11 Female 73 Hypertension None Robicsek technique
12 Male 75 None None Robicsek technique
13 Female 56 Heart failure None Robicsek technique
14 Male 40 None None Plaque technique
15 Male 62 None Systemics Plaque technique
16 Male 58 Hypertension None Sternal clip
17 Male 53 None None Sternal clip
18 Male 65 None None Sternal clip
19 Male 66 None None Sternal clip
20 Female 61 Hypertension None Sternal clip
21 Female 61 None None Sternal clip
22 Female 60 Diabetes mellitus None Sternal clip
23 Male 74 Chronic obstructive pulmonary disease None Sternal clip
*Reoperations are the reuse of the wire and plaque technique
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Figure 3. Robicsek technique

again in the other case due to difficulty in accessing the
material. No recurrence of sternal instability was detected
during follow-up after discharge.

No complications related to the procedure were
observed after surgery. During follow-up of the cases, no

recurrent sternal instability, hemorrhage, wound infection,
or mediastinitis was observed. The patients were followed
up in the postoperative ward, and the patients whose
antibiotherapy treatment was completed were discharged.
No mortality or morbidity events were observed.

Discussion

Sternal dehiscence and mediastinitis after sternotomy,
which is preferred for cardiovascular and thoracic surgery,
is a complication that negatively affects quality of life
and may cause serious morbidity and mortality. Among
the complications, the development of mediastinitis is
particularly an indicator of poor prognosis. For reference,
the classification of mediastinitis is presented in Table 2(1).

In the study by Gucu et al. (5), nitinol thermo-reactive
clips were used in patients with sternal dehiscence. This
method was found to be safe, easy, and effective for non-
infective secondary sternal closure. No recurrent dehiscence
or instability was observed in the postoperative period. It
has been reported that the advanced shape memory and
flexibility of nitinol clips facilitate their use (5).

In the study by Ergene et al. (6), cases of sternal fractures
who were admitted to the emergency department because
of trauma were analyzed. In 66% of the cases with additional
system pathologies, the operation was usually performed
on the second post-traumatic day after stabilization was
achieved. The radius plate used in radius fractures was
reshaped to fit the sternal region perioperatively, and
stabilization was provided. The technique using a locked
volar distal radius plate was found to be safe and effective.
It has been reported that large vessel injuries are avoided
with the use of a sternal stabilization system that does not
require the mediastinum (6).

Lafci et al. (7) modified the Robicsek technique in their
study. The Robicsek technique is based on the principle
of strengthening the side by passing a steel wire through
intercostal spaces to strengthen the unstable sternal region.
In this study, the method was modified. In the bilateral
intercostal region, the Robicsek technique was applied,
and the sternum strength was doubled using a figure of
8-sutures in the sutures to be applied horizontally. It has
been reported that it does not require the use of a plate or
clip and therefore does not incur additional costs (7).

In a study by Sahin et al. (8) in 2022, 13 cases were
included, and vacuum-assisted closure treatment was
applied before secondary closure. The application was
performed as 1-10 (Median: 4), and surgical closure was
decided if the culture result was negative. In 10 patients,
the omentum was removed transdiaphragmatically and
placed in the sternal cavity. During follow-up, seroma and
local infection recurrence were observed in two patients,
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Table 2.Classification of mediastinitis among patients undergoing cardiovascular surgery

Class Description

Type | Mediastinitis occurring within 2 weeks after surgery without the presence of additional risk factors
Type Il Mediastinitis appearing between 2 and 6 weeks after surgery without additional risk factors

Type Il1A Type | mediastinitis with one or more risk factors

Type IlIB Type Il mediastinitis with one or more risk factors

Type IVA Mediastinitis Types I, |1, or Ill after unsuccessful initial treatment

Type IVB Mediastinitis Type I, 1, or Ill persisting after more than one unsuccessful treatment attempt

Type V Mediastinitis more than 6 weeks after surgery, presenting for the first time

and incisional hernia was found in one patient. Thoracic
stabilization was achieved in all patients (8).

In a study by Arazi et al. (9) in 2022, modified stenoplasty
was used in deep mediastinitis and sternal dehiscence. After
freeing the area to the level of the middle clavicular line,
the sternum is approximated with horizontal steel wires
after the use of sagittal steel wires between the costae.
The bilateral pectoral muscle flap is pulled to the area, and
closure is performed. Femoral-femoral cardiopulmonary
bypass can be performed to release adhesions and to be safe
during the sternal re-entry phase. Although an increase in
postoperative complications and length of hospitalization
was observed, this method was reported to be safer (9).

Sternal dehiscence is a complication that can cause
serious morbidity and mortality, and its intervention is
important. We prefer the application of sternal clips as
the most appropriate and physical support material for
ensuring stability. The use of sternal clips among locally
produced sternal stabilization equipment has increased in
our clinic due to the increased accessibility of sternal clips.
Supporting the sternal area from the bilateral lateral area
is the best stabilization technique. The reciprocity of bone
ends supports osteogenesis and has the advantage of not
affecting blood flow in the region. The only disadvantage
of this approach is that it slightly increases the access time
to the cardiac area in cases requiring urgent re-sternotomy.
Sternal stabilization were achieved with the use of sternal
plate and Robicsek technique, and we prefer to use the
sternal clip technique in our clinic.
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