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David versus Bentall — a Comparison of Early Postoperative Complications

The aim of the work: to analyze and compare the early postoperative complications in patients operated due to the presence of aneurysms
of the root and ascending aorta and aortic valve pathology by the David and Bentall technique.

Materials and Methods. It was a retrospective study. There were 107 patients who were routinely treated surgically at the Heart Institute
of the Ministry of Health of Ukraine from 2015 to 2023. Patients were divided into two groups depending on the type of surgical interven-
tion: in group A — David operation was performed, in group B — Bentall operation. All data were collected and compared in preoperative,
intraoperative, and postoperative period.

Results and Discussion. According to the duration of operations, the indicators are higher in patients of group A. Thus, the total duration
of the operation was (291.23+12.67) minutes in group A and (244.418+7.67) min. in group B, respectively (p 0.001). The total duration
of artificial blood circulation was (170.28+8.77) minutes in group A and (138.73+6.47) min. in group B, respectively (p 0.003). Aorta
clamping time — (122.02+5.92) min. in group A and (95.82+4.79) min. in group B, respectively (p 0.000).

Patients of group A had faster extubation. They spent less days in the intensive care unit and in the hospital in general.

Among the early postoperative complications, it is important to note a greater proportion of arrhythmias in patients after Bentall operation.
The share of acute respiratory failure with repeated reintubation is statistically higher in group B. Other indicators did not differ statisti-
cally among patients. The frequency of cell saver use was almost the same in the two groups of patients. The rate of reoperations due to
bleeding did not differ statistically and was 3 (5.66 %) for group A and 6 (10.91 %) for group B (p 0.328).

Key words: aneurysm of the root and ascending aorta; David operation; Bentall operation; days of hospitalization; postoperative com-

plications.

The statement of the problem and analysis of
the latest research and publications. The incidence
of thoracic aortic aneurysms has increased over the
past two decades, in part due to an aging population,
increased smoking, introduction of screening programs,
and improvements in diagnostic tools. This disease is
more common in men, with prevalence rates estimated
at 1.3-8.9 % in men and 1.0-2.2 % in women [1,2].
Aneurysms of the thoracic aorta occur in 5-10 cases per
100,000 population [3]. According to location, thoracic
aortic aneurysms are classified into aneurysms of the
root or ascending aorta, which are the most common
(*60 %), followed by aneurysms of the descending aor-
ta (~35 %) and aortic arch (<10 %) [4,5] . The treatment
of this pathology is only surgical after a detailed assess-
ment of the size of the aneurysm, the functioning of the
aortic valve and weighing all the patient's data [1,3].

In 1968 Bentall and De Bono invented an opera-
tion using a composite valve-containing conduit or a
composite conduit and aortic prosthetic valve for the
surgical treatment of aneurysms of the root and as-
cending aorta [5-7].

Tirone David was the first who performed
valve-preserving surgery of the root and ascending
part of the aorta in 1889 [4].

Aortic valve-preserving surgeries are an alterna-
tive to replacing the aortic root with a conduit. They
provide excellent long-term results and are associated
with a low rate of prosthetic valve complications.

Despite the long performance of both Bentall and
David operations, there are many postoperative com-
plications. These complications are in the form of ar-
rhythmias, respiratory failure, postoperative bleeding,
etc. All this leads to a long stay of the patient in the
intensive care unit and a longer discharge from the
hospital [8-11].

The aim of our work was to analyze and compare
the early postoperative complications in patients op-
erated due to the presence of aneurysms of the root
and ascending aorta and aortic valve pathology by the
David and Bentall technique.

Materials and Methods. It was a retrospective
study. There were 107 patients who were routinely
treated surgically at the Heart Institute of the Minis-
try of Health of Ukraine from 2015 to 2023. Patients
were divided into two groups depending on the type of
surgical intervention: in group A, David surgery was
performed (number of men — 47 (88.68 %), average
age (49.11£1.54) years), in group B - Bentall surgery
(men — 53 (96.36 %), average age (52.36+1.56) years).
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Preoperative, intraoperative and postoperative data
were collected. The demographic characteristics (age,
height, sex, body weight, body mass index), echocar-
diographic parameters (left ventricular ejection frac-
tion, end diastolic volume index, diameter of the root
and ascending aorta) and accompanying pathology
were recorded at the preoperative stage. Intraoperative
data are duration of operation, artificial blood circula-

Table 1.Baseline characteristics of the patients

tion, aortic clamping, duration of hypothermic circu-
latory arrest, and level of hypothermia. Data collected
during the postoperative period included duration of
mechanical ventilation, use of cell saver, frequency of
postoperative complications (acute respiratory failure,
acute renal failure, gastrointestinal bleeding, rethora-
cotomy, etc.), length of intensive care unit staying, and
length of hospitalization (Table 1).

Indicator G(LO:USPB)A (é;o:us%;B P
Sex Male 47 (88,68) 53 (96,36) 0,130
Female 6(11,32) 2 (3,64)

Age, years 49,11+1,54 52,36+1,56 0,141
Height, cm 180,83+1,18 180,073+1,05 0,632
Weight, kg 87,58+2,23 87,43+2,52 0,965
Body mass index kg/m? 26,81+0,65 26,93+0,74 0,905
Bicuspid aortic valve 9 (16,98) 31 (56,36) 0,000
Tricuspid aortic valve 44 (83,02) 24 (43,64) 0,000
End diastolic volume index, ml/m? 94,00+5,26 116,75+7,41 0,035
Left ventricular ejection fraction, % 58,34+1,16 54,82+1,41 0,091
Ascending aorta, mm 46,02+2,31 54,15+1,43 0,003
Aortic root, MM 46,09+2,24 51,13+2,08 0,102
Accompanying pathology

Pulmonary hypertension 20 (37,74) 32 (58,18) 0,034
Smoking 11 (20,75) 32 (58,18) 0,162
Myocardial infarction in the past 1(1,89) 2 (3,64) 0,582
History of cerebrovascular events 2 (3,77) 2 (3,64) 0,679
Previous interventions on the heart (stenting and open operations) 3 (5,66) 3 (5,45) 0,963
Diabetes 1(1,89) 2 (3,64) 0,582

The study was approved by the local ethics com-
mittee and individual patient consent.

David surgical technique. Median sternotomy
was performed. Opening of the pericardium. Central
connection of the heart lung machine (System 1 (Ter-
umo, Japan) or HL.20 (Maquet, Germany)). A dose of
heparin of 300 IU/kg of body weight was adminis-
tered intravenously prior to artificial blood circulation
to achieve an activated clotting time (aPTT) of more
than 480 s. with measurement every 30 min. Hypo-
thermia up to 32 °C. In patients where a complete

stoppage of blood circulation was expected for the
formation of a distal anastomosis — 22°C. Artificial
heart fibrillation. Crossclamp of the aorta in front of
the proximal part of the aortic arch. An aortotomy was
performed. Selective pumping of cardioplegic cold
crystalloid solution "Kustodiol". Excision of the an-
eurysmal part of the ascending aorta and the root in
the area of the sinuses was performed. Excision of the
buttons of the coronary arteries was carried out and
they were taken on tripods. Aortic valve leaflets were
evaluated. After measuring the height of the aortic
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valve commissures, appropriate markings were made
on the vascular dacron tubular prosthesis (Maquet). 9
stitches were applied — 3 on the tops of the commis-
sures and the base of the commissures, 3 stitches with
Prolene 4.0 in the middle of the sinuses. After sewing
9 stitches through the vascular prosthesis, it was im-
planted. The prosthesis was stitched from the inside
with three sutures placed in the middle of the sinuses.
Reimplantation of the buttons of the coronary arteries
was carried out. In patients where there was a need
for a complete stoppage of blood circulation, parallel
cerebral perfusion was performed (10 % of the work
of the artificial blood circulation). A distal anastomo-
sis was formed. After that, warming up, prevention of
air embolism with removal of the aortic clamp were
performed. Normal heart rhythm was restored. Hemo-
stasis control. Artificial blood circulation was stoped.
Exit by venous cannula and left ventricular drainage.
After stopping the artificial blood circulation, prota-
mine sulfate was used to counteract the anticoagulant
effect of heparin. The initial filling volume consisted
of 500 ml of colloid solutions, 100 ml of 4.2 % so-
dium bicarbonate solution, 300 ml of 0.9 % sodium
chloride solution, and 100 ml of 15 % mannitol solu-
tion. Exit with an aortic cannula and wound closure
with placement of drains and epicardial electrodes.

Surgical technique of performing Bentall ope-
ration. The course of the operation before pumping
the cardioplegic solution and after the restoration of
cardiac activity is the same for both types of interven-
tions. Features exist in the main stage.

After pumping the cardioplegic solution, excision
of the aneurysmal part of the ascending aorta, the root
in the area of the sinuses, and the leaflets of the aortic
valve were performed. Excision of the buttons of the
coronary arteries was performed and they were fixed
on tripods. Alternate stitches were placed on pads on
the fibrous ring of the aortic valve. After sewing these
seams through the cuff of the valve conduit, its implan-
tation was carried out. Reimplantation of the buttons of
coronary arteries was carried out. A distal anastomosis
was formed. After that, warming up, prevention of air
embolism with removal of the aortic clamp were per-
formed. Normal heart rhythm was restored. The next
steps are the same as in David operation.

Intraoperative monitoring included invasive con-
trol of blood pressure, central venous pressure, ce-
rebral perfusion, electrocardiogram control, diuresis
control, arterial blood oxygen saturation, end-respi-
ratory concentration of sevoflurane, temperature in
the nasopharynx and bladder. Maintenance of general
anesthesia was carried out by titration of sevoflurane
in a dose from 1.5 to 2.5 % to maintain BIS values be-
tween 40 and 60. Sevoflurane was introduced into the

oxygenator circuit during artificial blood circulation
through a calibrated vaporizer. Artificial ventilation
of the lungs was performed using Mindray anesthet-
ic machines with FiO2 50 % air-oxygen mixture in
normal ventilation mode under the control of arteri-
al blood gases (pCO2 values of arterial blood were
maintained at the level of 35-40 mm Hg).

Study results were reported as mean (M) +* stan-
dard deviation (SD). Under the condition of normal
data distribution, the Student's t-test was used to de-
termine the significance of statistical indicators, in the
absence of normal distribution, the non-parametric
Mann-Whitney U-test was used. Differences at p <
0.05 (95.5 %) were considered statistically signifi-
cant. The SPSS Statistics 27 statistical data process-
ing program was used to analyze the obtained data.

Results and Discussion. A total of 107 patients
who underwent planned operations at the Heart In-
stitute of the Ministry of Health of Ukraine from
2015 to 2023 are included in the study. According to
the duration of operations, the indicators are higher
in patients of group A. This is probably explained
by the greater technical complexity of this type of
surgical intervention. Thus, the total duration of the
operation was (291.23+12.67) minutes in group A
and (244.418+7.67) min. in group B, respectively
(p 0.001). The total duration of artificial blood cir-
culation was (170.28+8.77) minutes in group A and
(138.73£6.47) min. in group B, respectively (p 0.003).
Aorta clamping time — (122.02+5.92) min. in group
A and (95.82£4.79) min. in group B, respectively (p
0.000) (Table 2).

Complete circulatory arrest with hypothermia up
to 22 °C with parallel cerebral perfusion was observed
in patients of both groups. This was necessary in some
patients of both groups to form a distal anastomosis.
Among the patients of group A, this proportion was
6 (11.32 %) patients with a duration of (11.83+1.62)
min., in group B — 10 (18.18 %) patients with a dura-
tion of 9.40+0.43 min. (Table 2).

Among the early postoperative complications, it
is important to note a greater proportion of arrhyth-
mias in patients after Bentall operation. This is prob-
ably due to the fact that this operation involves exci-
sion of the aortic valve, stitching of the aortic ring,
implantation of an artificial mechanical prosthesis,
and postoperative edema. David surgery, preserving
the patient's native valve, does not involve these ma-
nipulations (Table 3).

The share of acute respiratory failure with repeat-
ed reintubation is statistically higher in group B.

Other indicators were not statistically different in
patients. The frequency of cell saver use was almost
the same in the two groups of patients, since both ope-
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Table 2. Perioperative characteristics and intensive care unit staying

Indicator Ci;o:uSp?j)A CE;OZIEPS;S p
Total operation duration (min) 291,23+12,67 244,418+7,67 0,001
Total duration of artificial blood circulation (min) 170,28+8,77 138,73+6,47 0,003
Aortic clamping time (min) 122,02+5,92 95,82+4,79 0,000
Average minimum temperature (°C) 30,12+0,37 29,36+0,38 0,160
Complete stoppage of circulation 6 (11,32) 10 (18,18) 0.320
Duration of complete circulatory arrest (min) 11,83+1.62 9,40+0,43 0,092
Number of patients extubated up to 8 hours after surgery 48 (90,57) 41 (74,55) 0,029
Duration of stay in intensive care unit (days) 2,94+0,03 4,84+0,33 0,000
Duration of stay in hospital (days) 13,81+0,54 16,98+0,91 0,004
Table 3.Postoperative complications
Complications | Reoperation due to the bleeding 3 (5,66) 6 (10,91) 0,328
Acute respiratory failure 2 (3,77) 10 (18,87) 0,047
Acute renal failure 0 1(1,82) 0,326
Cell saver 4(7,55) 7 (12,73) 0,376
Arrhythmias 2(3,77) 9 (16,36) 0,031
Encephalopathy 1(1,89) 1(1,82) 0,979
Implantation of a pacemaker 0 2 (3,64) 0,163
Pericarditis 1(1,89) 2(3,64) 0,562
Gastrointestinal bleeding 0 1(1,82) 0,326
Sepsis 1(1,89) 2(3,64) 0,562

rations require aortic root resection and coronary ar-
teries reimplantation, which requires a large area of
manipulation and possible bleeding sites.

The rate of reoperations due to bleeding did not
differ statistically and was 3 (5.66 %) for group A and
6 (10.91 %) for group B (p 0.328) (Table 3).

Discussion. The results of our study showed that
patients after David operations have faster extubation,
they spent less days in the intensive care unit and in
the hospital in general. This group of patients has a
statistically smaller number of arrhythmias and acute
respiratory failure.

David and Bentall operations are technically com-
plex operations. These types of interventions are per-
formed only in highly specialized centers. The topic
of complications is extremely important and requires
detailed study to improve the technique.

According to Sergey Leontyev et al. (2020) re-
garding Bentall and David's operations, the propor-
tion of reoperations due to bleeding for David oper-
ations was 6.9% and Bentall was 5.3%; respiratory
failure 7.7 and 6.5 %, respectively; acute renal failure
1.2 and 1.9 %, respectively.The indicators are similar
to ours with the exception of respiratory failure for the
Bentall group. In our opinion, the reason for the high
value of this indicator is the decompensated condition
of the majority of patients who are hospitalized for
surgery in Ukraine. Screening systems in Europe al-
low early detection of pathology and faster interven-
tion in a more compensated state of the patient.

During 20 years from 1988 to 2010, Dr. Tyrone
David performed 374 valve-preserving surgeries
for aortic root and ascending aortic aneurysms. He
showed excellent results. Therefore, this intervention
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is no longer experimental, but can be used in all car-
diosurgical centers. He used this type of operation for
both bicuspid and tricuspid aortic valves. The issue
of observing separate results with a bicuspid valve
remains relevant. We are just introducing these opera-
tions into the practice of bicuspid aortic valve and this
will be our further research [12].

Due to results N. Hashrul Rashid et al David's op-
eration is characterized by lower long-term mortality
compared to Yakub's operation. That is, even when
comparing two types of valve-sparing operations,
David's procedure shows better results. According to
the authors, the results still need to be studied due to
different observation periods and the retrospective na-
ture of the research [13].

Nicovsky, J. and authors analyzed from January
2006 to December 2015 a total of 137 patients (mean
age (46.31£14.5), range 16-65) who underwent sur-
gery for aortic root aneurysm without valvular struc-
tural defects. Replacement by mechanical composite
graft (Bentall procedure) has been performed in 46
patients while 91 patients underwent David proce-
dure. Overall 9 patients died during follow-up. Five
patients were after Bentall procedure and 4 were after
reimplantation of aortic valve. Thromboembolic and
bleeding complications were observed in 7 patients,
5 of them were after Bentall surgery and 2 after re-
implantation of the aortic valve. They showed less
bleeding complications in patients after David pro-
cedure [14].

Lukas Schamberger et al showed excellent results
after comparing biological Bentall procedure and Da-
vid procedure. The long-term outcomes were associat-
ed with comparable survival and freedom from reop-
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tages. This was manifested in a shorter length of stay-
ing on a artificial ventilation, less days of hospital-
ization in the intensive care unit and in the hospital.
Patients after David operation have a lower frequency
of arrhythmias and acute respiratory failure compared
to Bentall operation. Valve-sparing operations should
be studied in detail and increasingly introduced into
cardiac surgical practice.
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OPUIIHAJIBHI 4OC/IIA>KEHHA

I. 0. CTELIOK, B. M. TOAYPOB

AY “IHemumym cepuys MO3 Ykpainu”, Kuis, YkpaiHa

OIIEPAIIIA JEBIJIA U4 BEHTAJIVIA — IIOPIBHAHHS PAHHIX ITIC/IAOIEPAIIIMHUX YCK/IATHEHD

Merta po6oTH: aHasi3 Ta MOPIBHSHHS PaHHIX MiC/sOMepaLifHiX YCK/Ia[HEeHb Y Mal{ieHTiB, OMIePOBAHUX 3 MPUBOAY AHEBPU3MH KOpEeHs,
BUCXI/IHOI aOPTH Ta MaTo/Iorii aopTanbHOro K/anaHa 3a Metogukamu Jlesisa Ta benranna.

Marepianu i MmeToau. B peTpocnieKTMBHOMY /1OC/Ti/PKeHHi B3si yyacTh 107 MallieHTiB, SKUM y TJIaHOBOMY TOPSIAKY IPOBEAEHO orepa-
yitine sikyBanHs B Y “Inctutyt Ceprg MO3 Ykpainu” Biz 2015 o 2023 p.

TawienTy 6y po3zineHi Ha JBi TPYIH 3a/Ie)KHO BiJj BU/Y ONepaL{iifHOro BTpyYaHHs: y rpymi A TpoBoAW/IM orepawito [esiza, y b rpymi
— onepauito bentanna. [IpoBoauam 36ip Ta MOpiBHSHHS JOONepaLifHIX, IHTpaoepalifHNIX Ta MiC/s0MepaLifHuX JaHKX.

Pe3ysibTaTi. 3a TPUBA/iCTIO MPOBE/IeHHS OrepaLiif, MOKa3HUKU € BUILUMH Y MallieHTiB rpynu A. Tak, 3arajbHa TPUBaIiCTh oreparil
craHosuna ((291,23+12,67) xB y rpyni A Ta (244,418+7,67) xB y rpyni b BignosigHo (p=0,001). 3arajbHa TpHBasIiCTh IUTYYHOTO KPOBO-
06iry cranoeua (170,28+8,77) xB y rpymi A Ta (138,7316,47) xB y rpymi B BifnosigHo (p=0,003) . Yac repeTHCKaHHs aOPTH CTAHOBHB
(122,02+5,92) xB y rpyni A Ta (95,82+4,79) xB y rpyni b Bianosiaxo (p=0,000).

VY nauieHTiB rpynu A criocTepirany MIBUZILY eKCTy0allito, MeHIy KiJbKiCTh JHIB, POBeJEHHX Y BijineHH] iHTeHCHBHOI Tepamii Ta
crarjioHapi 3arasaoMm.

13 paHHix mic/sionepaL{iiHUX yCKIaZHeHb BAXK/IMBO BiZI3HAYNTH O1/IbIIY YacTKy apUTMill y MalieHTiB micsis onepatiii BeHrasnia.

YacTKa rocTpoi JUXalbHOI He[0CTaTHOCTI i3 ITOBTOPHOIO peiHTy0alli€lo € CTaTUCTHYHO Oi/bIIor0 y marjieHTiB rpynu b. IHIIi nokasHuku
y XBOPHX CTaTUCTHYHO He BifipisHsumich. YacToTa BUKOpHCTaHHs cell saver Oysa MpakTHUHO OJHAKOBOIO y ABOX IPYII MarjieHTiB. YacTka
MOBTOPHUX OrlepaLiiii yepe3 KpOBOTeUY CTaTUCTUUHO He BiJpisHsiack Ta craHoBuna 3 (5,66 %) ans rpynu A Ta 6 (10,91 %) ans rpynu
b (p=0,328).

KitrouoBi cj10Ba: aHeBpr3Ma KOPeHsi Ta BUCXi/IHOT aopTH; onepauist [leBiza; onepatiist BeHTasa; M>KKoZHI; micisionepariiii ycKkiagHeHHsI.
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